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Mendeleev created a draft of what would become the periodic table of
chemical elements in the 19th century (1869), with subsequent modifications as
new elements were discovered. The current table orders these elements by
their atomic number and electronic configurations, and thanks to it, chemistry
has been systematised.

The formal study of chemistry at universities—with its specialisations and
subjects of study—was distinct from the subjects of physics. The barrier
separating chemistry from physics is blurred when—upon studying the subject
in depth—it is confirmed that certain elements can be transmuted into others
(a dream pursued by alchemists in the Middle Ages) and the appearance of that
new element can modify the composition and chemical properties of the
previously existing matter.

Classically, nuclear physics dealt with the atomic nucleus of elements and
chemistry with their electronic configuration. This clear division of what to
study in each branch of science no longer holds because the subject has
become more complicated as technological advances have allowed us to
understand it internally.

Chemistry has advanced dramatically at the beginning of the 21st century—
due to the development of innovative instrumental technologies—allowing the
theory of atomic orbitals where electrons are confined to be contrasted with
their actual movement in atoms using pulsed laser beams (L'Huillier, 2024). The
determination of the structure and geometry of complex organic molecules has
made it possible to generate movements towards a specific target through
external stimulation, creating what are known as 'molecular motors'. Feringa



won the Nobel Prize in Chemistry in 2016 for the design and synthesis of these
molecular machines (Feringa, 2024).

Defining what chemistry and physics study becomes difficult when both are
found at the frontier of knowledge of matter. Their complexity influenced the
terminology to be used in the study of radioactive elements: should the term
'nuclear chemistry' or 'radiochemistry' be used? Each scientist used the term
they believed was appropriate for their research. When chemists had evidence
that the element they were studying had been transformed into another, they
used their tools to identify it: they had to assign it an atomic number, electronic
configuration and chemical properties. Nuclear reactions (particles > atomic
nuclei) generated new elements and isotopes, and the decay chains of naturally
occurring radioactive elements became known, beginning to fill in the gaps of
"predicted" elements in the periodic table. New questions and challenges arose
in many fields.

What effects does a sufficient quantity of a radioactive element formed
within the crystalline structure of a mineral have on it? One example is the
mechanism that exists in uranium minerals containing elements with different
states of aggregation, such as radon (gaseous) and a set of radioactive
descendants. The atoms of one element that are converted into another lead
scientists to wonder: is the structure of the mineral modified? Are the chemical
bonds broken when another element—produced by decay—is present in the
mineral? What properties of the mineral are changed? And what happens if the
emitted particles are capable of modifying the chemical bonds?
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When working with radioactive elements, what would be the correct term to
use as a keyword: nuclear chemistry or radiochemistry? Where should these
studies be located, in physics or chemistry departments?

The questions posed by scientists from both branches of science have been
answered through specialised publications that use both terms interchangeably
as "keywords" for their work. The structuring of radiochemistry as a subject of
study within science universities was not completed in the twentieth century.
The multidisciplinary research centres and public and private institutions that
have been created in the twenty-first century with the purpose of researching
and transferring knowledge about the structure of matter do so both through
regulated knowledge (universities) and in the research centres themselves.
Readers may find it difficult to locate where radiochemistry, a branch of
chemistry, is taught or can be studied. Radiochemistry has multiple applications
in other fields: environmental chemistry, analytics, geology, pharmacy,
medicine, radiation protection, construction materials, engineering, etc.
Radiochemistry applied in these fields of knowledge serves to: a) characterise
the radioactive element 'of interest' sought, using chemical separations, b)
concentrate it in order to quantify it using an instrumental technique that
traditionally belongs to the field of physics (emission of particles from its atomic
nucleus or gamma photon radiation), and c) determine the uncertainty of the
amount of element present and know how much can be measured with the
method used ("sensitivity" for chemists) and

"detection limit" for physicists.

His teaching may be as essential in the 21st century as it was in the past
thanks to the discovery of radioactivity.
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CHAPTER 1

What is Radiochemistry? Definition and historical
context
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The history of radiochemistry runs parallel to that of the discovery of
radioactivity (natural and artificial) and nuclear energy. This speciality has
traditionally incorporated knowledge acquired in other branches of chemistry:
organic, inorganic, analytical, physical chemistry, biochemistry, environmental
chemistry, chemical engineering, etc. (see Fig. A), to solve problems that arose
as new elements and isotopes were created and identified.

Conducting a historical study of radiochemistry in Spain presents an
additional difficulty—beyond that existing in other academic disciplines—due to
the multitude of names it has taken throughout its brief history.

The European Union of Chemical Societies, which brings together most of its
specialities, has reflected on the number of names it has had and proposed its
introduction into the academic field as 'Radiochemistry'.

Unak recently conducted (Unak, 2017) an extensive study on the problem
posed by the definition of "radiochemistry," and Pernaa (Pernaa et al., 2021)
has highlighted its relevance within chemistry. Master's and postgraduate
programmes at universities around the world show that education in nuclear
chemistry does not have a permanent status among the classic subspecialties of
chemistry, despite its scientific interest.

The definition of 'radiochemistry' includes a sea of terminology: nuclear
chemistry, radiochemistry, nuclear chemistry and radiochemistry, nuclear
radiation chemistry, etc. Nuclear chemistry or radiochemistry can be defined as
a large umbrella covering chemical studies related to radioactive elements,
compounds and materials and nuclear radiation
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, including the subspecialties of radioanalytical chemistry, pharmaceutical
chemistry, environmental radiochemistry, and other new ones that have been
incorporated throughout the 20th century.

The evolution and terminology used in this branch of chemistry can be
analysed by looking at a selection of the titles of textbooks that have been
written on this speciality throughout its history (Table 1).

The term 'radiochemistry' first appeared in the title of a book published in
1910 (Boltwood & Cameron, 1910), although the same term was also applied to
what was known as 'radiation chemistry'. Chemists became involved in the
study of the production, properties and reactions of atomic nuclei, with the
term "nuclear" gaining ground in the 1930s, once the concept of the atomic
nucleus had been introduced (1911), and after the period of the discovery of
nuclear transmutations (1919) and artificial radioactivity (1934).

The creation of a new chair of "Chimie Nucleaire" for Frederic Joliot in 1937
at the Collége de France was perhaps the first official recognition of the new
branch of chemistry. At the same time, Otto Hahn's treatise on "Applied
Radiochemistry" (Hahn, 1936), (Shea, 1983), clearly described the generally
accepted definition of "radiochemistry".

It can be said that prior to 1960, the use of the word radiochemistry was
more widespread and perhaps better defined. The National Academy of
Sciences-National Research Council of the US Atomic Energy Commission (the
authority on this subject) uses the name Radio Chemistry in all its reports on the
properties of radioactive isotopes, both natural and artificial (Radioquimicos-
1960, 1960), (Los Alamos, 1983).
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The Manhattan Project—known for building the first atomic bomb—
published a book on the chemical properties of the elements produced in the
nuclear fission of uranium (23°U) that included: the constants of formation of its
compounds and their stability, their oxidation states, and the acid-base
equilibria that formed their various species, these topics being more closely
linked to chemistry than to physics (Seaborg, 1959).

In this context, if we analyse the books, articles and conference
presentations related to radiochemistry published in Spain or in Spanish
(Calzada & Cerecetto, 2019) and (Mebus B., 1938) in the 21st century, we find
that radiochemistry appears more in the field of nuclear physics than in
chemistry. This is the case of a thesis in Spanish in which radiochemistry
appears as a subject in inorganic chemistry, but which deals with the
measurement and optimisation of instrumental techniques in physics (Lépez-
Pefialver, J. 2006).

In Spain, for a number of reasons, there is no consensus on what this
speciality of chemistry is about and in which faculties the subject should be
taught. This is probably because there are not enough teachers of this subject in
Spanish chemistry faculties and because it has been considered a basic subject
within the field of nuclear physics in physics faculties and an optional subject in
other faculties (veterinary medicine, pharmacy, environment, biology, etc.) and
engineering schools (polytechnic).

The study of the phenomenon of "Radioactivity" —not assigned to any
speciality— began at the University of Madrid (Central) (see Table 2) and
continued at the Nuclear Energy Board (JEN). The JEN, taking advantage of the
specialisation of its chemists in this field, advised professionals in both the
nuclear industry and the Centre itself.
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The Nuclear Energy Act (25/1964 of 29 April) provided for the existence of an

institute within the JEN to coordinate research and teaching related to nuclear
energy:
"Given the high level of specialisation required for training personnel in specific
aspects related to nuclear energy, it is advisable to approach this as further
training on top of the basic training provided by educational institutions.
Therefore, the creation of a Nuclear Studies Institute under the Nuclear Energy
Board is envisaged, with the aim of using its personnel and facilities for the
specialisation of future technicians in this field."

The Institute of Nuclear Studies (IEN) was created in April 1965 at the JEN, as
cited }n the book Historia de la Energia Nuclear Espafiola (History of Spanish
Nuclear Energy) (Caro et al., 1995), in response to an order given by the then
president José Maria Otero Navascués to Manuel Quinteiro, who would be
responsible for its creation. It was at this institute that the teaching of
radiochemistry was introduced to advise professionals in the nuclear industry
(Tanarro-Sanz, 1959) and those at the JEN itself. The applications of
radiochemistry to different types of nuclear and radioactive facilities (Gaeta,
1959) and the measurement of environmental radioactivity in their surroundings
(Gascé-Sanchez & Celma, 1980) were also included in the different courses
taught by the IEN.

The IEN —currently (2024)— in addition to expanding its field of teaching,
considering the impact and effects of other types of energy (not only nuclear)
on the environment (Institute for Energy and Environmental Studies),
coordinates with Spanish universities so that the courses taught in their
classrooms in the field of radiochemistry or its applications can

-18 -



be considered university-level courses (Training Unit, 2019).

Searching the internet for the terms "radiochemistry" and "ranking of
Spanish universities that teach this speciality" yields an updated list of such
universities, which does not really correspond to the existence of this subject as
a full course within the various faculties (EduRank, 2021). This discrepancy may
be due to the fact that databases have been cross-referenced with these
keywords, without thoroughly investigating whether they were actual subjects
in the various faculties and engineering departments.

The importance of radiochemistry during the period from 1957 to 2024 can
be tracked by researching the doctoral theses produced at Spanish universities.
The DIALNET databaselallows us to search by specifying the terms
radiochemistry and/or nuclear chemistry as keywords. Doctoral theses in these
faculties have been read regardless of whether the subject is taught or exists in
the chemistry or science speciality in any of them.

Four time periods have been analysed in this database:

a) the period between 1960 and 1969.
Several doctoral theses appear under the heading of radiochemistry or
nuclear chemistry, among which those supervised by Gamboa Loyarte
(1957, 1962, 1963 and 1965) at the Complutense University of Madrid
(Gamboa et al.,, 1957), Ortin-Sufié & Gamboa- Loyarte, and those
carried out by Travesi (Travesi-Jiménez, 1967) and Galiano (Galiano-
Sedano, 1969).
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b) period between 1970 and 1989.

There are nine doctoral theses at various universities (Granada,
Salamanca, Seville, Barcelona, Madrid). Noteworthy among others are
the theses carried out at the JEN in the field of radiochemistry (Suérez-
GonzélezdelRey & Ortega-Abellan, 1970), (Saa-Delgado & Gamboa-
Loyarte, 1970), (Bautista-Bautista, 1970),(G. Dominguez-Rodriguez,
1970) (Tallos-Gonzalez et al., 1970), (Rodriguez-Parra et al., 1971)
C) period between 1990 and 2019

This was the most prolific period in this field, with 42 theses containing
this term, with the exception of works identified as applications of
radiochemistry to environmental studies (DIALNET?). Five theses stand
out that were presented within specialities of the Faculties of
Chemistry (Gasco & Gascd, 1990), (Rodriguez-Alcala, 1997), (Alvarez-
Garcia, 2003),(Suarez Navarro, 2009), (Lara Robustillo, 2017) and one
in the Faculty of Physics of particular importance due to the technique
used: accelerator mass spectrometry (AMS) (Chamizo Calvo, 2009).

d) period between 2019 and 2024

Fourteen theses containing the keyword radiochemistry are listed, but
not specifically in science faculties.

The recognition of radiochemistry and/or nuclear chemistry as a subject
within chemistry faculties only occurs in some universities. In 1997, the
University of Jaén considered it an optional subject within chemistry in its
second

1 There are a greater number of theses, but they do not have the term attached to radiochemistry, although they apply
radioanalytical methods
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course. The University of Salamanca includes it as a master's degree within the
speciality of advanced analytical chemistry. 1962), (Molero et al., 1963). The
University of Barcelona offers it as a speciality in radiochemistry and surface
analysis. The University of Huelva carries out theses in this speciality within the
department of integrated sciences, but it is not considered to be essentially
radiochemistry. In the Basque Country, Galicia, Extremadura, Valencia, Malaga,
Zaragoza, Cérdoba and Cantabria, there are studies that would fall within the
application of radiochemistry to environmental problems, but they do not
appear specifically as a speciality of chemistry. In 2018, the National Distance
Education University (UNED) introduced this subject as a specialisation and
published a book on the nature of its study (Del-Pilar-Avila-Rey et al., 2018).

The history of radiochemistry in Spain cannot be understood without
considering the international events that have taken place since the discovery
of radioactivity (Vertes et al., 2011).

The first studies on radiochemistry, considered as "the speciality that deals
with the chemical manipulation of radioactive materials and the application of
radioactivity to problems in basic and applied chemistry", began in 1898.

Marie Sklodowska Curie and Pierre Curie can be considered the first
radiochemists and pioneers in this field. Both observed that some natural
uranium minerals (bleaching) were more radioactive than their uranium
content would suggest, so they chemically fractionated the minerals, using the
intensity of radioactivity in these fractions as evidence of the existence of other
elements.
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In the fraction called bismuth (Bi), they discovered polonium. In the fraction
corresponding to barium (Ba), they found another element that was called
radium (Ra). The isolation of radium in the barium (Ba) fraction was achieved by
fractional crystallisation of barium chloride, and the new element 'radium' was
characterised spectroscopically by optical emission lines (Demarcay, 1898).
They had isolated 120 mg of radium chloride from the treatment of 4 tonnes of
pitchblende, a unique radiochemical milestone, using conventional analytical
chemistry techniques.

Since the discovery of radioactivity in 1896 to the present day, a series of
Nobel Prizes have been awarded in connection with this phenomenon in the
field of nuclear physics and others in what we might call "nuclear chemistry"
and its applications to medicine. The number of Nobel Prizes awarded in
nuclear physics and chemistry differs considerably. Of the 108 Nobel Prizes in
Chemistry awarded up to 2021 (Wikipedia, 2022a), only 9 stand out with a
specialisation in nuclear chemistry or one of its applications, and of the 115
Nobel Prizes in Physics (Wikipedia, 2022b), 49 are related to nuclear physics.
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Chapter 2

History of Spanish Radiochemistry
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The history of radiochemistry in Spain has been studied considering that it
began later than in other countries. These countries quickly recognised the
advance in scientific knowledge represented by the discovery of radioactivity
and nuclear energy and their possible applications in the field of technology.

Radiochemistry has gone through periods of splendour and decline over the
last 122 years (Friedlander et al., 1981). Chapter one of Friedlander's book
Handbook of Nuclear Chemistry (Friedlander & Herrmann, 2011) establishes a
series of historical periods to analyse the evolution of this speciality. These
stages have served as a basis for establishing the corresponding milestones in
Spain that contributed to its development. Table 2 summarises the relevant
historical events that have taken place since the discovery of radioactivity to the
present day, both internationally and in Spain, and which have had an impact
on the development of this speciality.

The beginning of radiochemistry can be considered to be the chemical
separation of radium in the early 20th century, and its study has continued to
the present day, the 21st century (2024). The time periods considered in Spain
for this book are as follows:

(1) the pioneering years, when radiochemistry focused on discovering
radioactive elements present in nature.

(2) A decade of rapid development with the discovery of the neutron and the
production of the first artificial radionuclides.

(3) The period of the Second World War, characterised by the study of the
chemical properties of fission products produced
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by nuclear explosions.

(4) The golden age, three to four decades after the Second World War.

(5) The 'nuclear' decline, which led to the development of new applications for
radionuclides: pharmaceutical, environmental, medical, environmental
pollution research, geochronological studies, dating, erosion, environmental
behaviour of radionuclides and homologues in ecosystems (terrestrial, aquatic,
marine, etc.), and to solve new problems arising from the existence of long-
lived isotopes in the environment: accumulation through human and animal
food chains, restoration of contaminated areas, long-term behaviour of their
compounds, chemical toxicity, and environmental problems generated by
NORM industries, either through the discharge of natural radionuclides
contained in the raw materials used or through the recycling of the materials
produced.
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Chapter 3

The pioneers. From chemistry to nuclear chemistry
(1903-1945)
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At the beginning of the last century and before the discovery of the
'inexplicable' phenomenon of radioactivity, Spanish chemistry considered its
areas of knowledge to be:

— the study of the properties of elements and the formation of their
compounds

— chemical reactions, catalysis and formation energy

— the arrangement of elements in compounds that formed part of the
various components of cells, tissues and organs of living beings

— the ability of elements to form complex structures based on the energy
generated

— minerals and metallurgy

— qualitative and quantitative analysis of elements and compounds

— Chemical engineering, large-scale production processes These fields of

specialisation, to which others were added

as technology developed, shaped the
the study of what we might call "classical" chemistry.

The discovery of radioactivity altered the atomic concept in the sense that
the "nucleus", which was thought to be stable, was not so for "radioactive"
elements. The process of "radioactive" emission
altered the supposed stability of chemical compounds, as they were
transformed into another element with different chemical properties.

This phenomenon would lead to the conception of a different chemistry,
opening up new areas of study. The book Historia Nuclear de
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Spain" (Caro et al., 1995) mentions that José Mufioz Castillo, professor of
chemical mechanics at the University of Madrid, obtained official funding to
conduct studies on radioactivity in Madrid (1903), motivated by the worldwide
impact of the discovery of radioactivity (De-Pedro, 1996). Three years later
(1906), the radioactivity laboratory was created at the Central University
(Madrid), and Marie Curie (1919) was awarded the title of honorary director of
the laboratory, taking advantage of her participation in the**National Congress
of Medicine held in that city (Hemeroteca, 1953).

The first work "on the beneficiation of radium minerals" began in Monesterio
(Badajoz) (1915-1917) due to the interest generated by the appearance of this
new element and the desire to determine its chemical properties (Sanchez &
Lépez, 1986).

The comprehensive study of uranium from a chemical perspective began in
Spain with the discovery of nuclear fission and chain reactions (Fernandez-
Cellini et al., 1956). This interest manifested itself in the installation of a pilot
plant for the treatment of uranium ore in the basements of the Central
University (Madrid) (1941) and in the creation of the radioactivity laboratory
located at the Alonso Barba Institute belonging to the CSIC (1940), (CSIC-75
years, n.d.), (Pallo, 1977), (Hernando-Fernandez, 2002).
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Chapter 4

Chemists become radiochemists (1946-1970)
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The existence of natural and artificial radionuclides was already known at
this time. The first studies in the field of radiochemistry began in Spain, with
"traditional" chemists being responsible for developing techniques for their
analysis, chemical separation, determination of their properties and the
influence of radiation on organic and inorganic compounds and metals.

The first "radio-chemists" — —investigated at the Nuclear Energy Board, with
the aim of analysing, extracting and characterising the radionuclides present in
uranium ores (Barrachina-Goémez— — —que podrian considerarse

"radiochemists"—conducted research at the Nuclear Energy Board with the aim
of analysing, extracting and characterising the radionuclides present in uranium
minerals (Barrachina-Gémez & Gascd-Sanchez, 1961),(Vera-Palomino et al.,
1962) and determine their possible use in line with global achievements for
both peaceful and military purposes.

These pioneers had to use both (a) conventional chemical techniques and (b)
instrumental techniques that were available to them:

(@) Extraction (Vera-Palomino et al., 1964), precipitation, ion exchange (Lépez
& Gutiérrez-Jodra, 1957), (Lopez-Pérez et al., 1958), thermogravimetry
(Gascd-Sanchez et al., 1957), electrochemistry(Batuecas-Rodriguez et al.,
1959), fluorescence (Fernandez-Cellini et al., 1960),(Lopez & Gutiérrez-
Jodra, 1957), formation of coloured complexes, fractional distillation,
solubility, (Fernandez-Cellini et al., 1960), use of complexing agents
(Sudrez-Gonzalez-del-Rey & Ortega-Abellan, n.d.), etc.

(o) Flame photometry (Diaz-Guerra, 1981), atomic absorption, X-rays,
chromatography (Gasco-Sanchez, 1975), mass spectrometry, etc.
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The use of specific physics instrumentation to measure and quantify isotopes

was complementary and used by researchers at that time (Cordero-Lopez &

Tanarro-Sanz, 1959), (Tanarro, 1967). The "physical" instrumental techniques

were based on both the emission energy of gamma photons and the emission

of particles (alpha and beta). The most commonly used were:

a)

b)

Gamma spectrometry. Gamma radiation was classified by its energy
and spectra were obtained (Travesi et al., 1958), (Travesi-liménez,
1967).

Alpha spectrometry. Radioactive elements were separated and the
energy of the alpha particles emitted by the emitter was analysed
(Acefia-Barrenechea & Garcia-Torafio, 1979).

Liquid scintillation. The energy continuum of the beta particles emitted
by the radionuclide was analysed (Grau & Fernandez, 1985).
Proportional counters. These measured total quantities of alpha and
beta particles.

Solid scintillation counters. These measured total quantities but
analysed light emissions in photomultiplier tubes (Vigon et al., 1959).

Continuous gas flow counters. Also used to determine alpha and beta
particles (total).

The first scientific works—carried out by these professionals—were collected

in "JEN" reports (for internal distribution) and in the journal of the Nuclear

Energy Board. The priorities of these so-called "first radiochemists" were

directed towards multiple objectives, from solving analytical problems to

achieving uranium enrichment and discovering new applications in other fields,

which we highlight below:
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Solving analytical problems to study the uranium enrichment of certain

minerals found in prospecting carried out at their deposits.

The scientific and technical knowledge required for these studies came from
chemists from various Spanish chemistry faculties, specialising in both industrial
and analytical chemistry (Roca et al.,, 1966), (Barrachina-Gémez & Gasco-
Sanchez, 1961), (Gutiérrez-Jodra et al., 1960), (Pérez-Luifia et al., 1960),
(Petrement-Eguiluz & Delgado, 1962), (Vera-Palomino et al., 1964), (Batuecas-
Rodriguez et al., 1959), (Batuecas-Rodriguez et al., 1957), (Travesi et al., 1958),
(Batuecas-Rodriguez et al., 1959), (Barrachina-Gédmez & Gascé-Sanchez, 1961).

Geologists were also an important group during this period, as they were
responsible for assessing the exploitation of the land based on: the
concentration of uranium found by chemists (Mingarro, 1964), the
determination of the geological ages of the deposits and the characterisation of
the minerals and rocks (Mingarro-Martin & Marin-Benavente, 1969), (Mingarro-
Martin & Marin-Benavente, 1969), (Peldez-Prunera & Sanchez-de-la-Torre,
1970).

The search for mines in the Sahara Desert (Alia-Medina, 1944), (Alia-Medina,
1962) and advances in the manufacture of ion exchange resins made it possible
to separate and characterise gadolinium (an element with a high neutron
capture capacity and of importance for the advancement of nuclear energy) and
other rare earths (of great importance in the 21st century).

Enrichment and purity of uranium compounds.

Physicists required the elimination of certain chemical elements present in
uranium compounds and minerals, whose neutron capture cross-section could
reduce the neutron flux in uranium (U) fission reactions, in order to develop
nuclear fission (which would be applied to the peaceful use of nuclear energy).
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the chemical elements present in uranium compounds and minerals whose
neutron capture cross-section could reduce the neutron flux in uranium (U)
fission reactions. This objective required the knowledge of chemists specialising
in analytical chemistry, as at this stage they were focused on making the use of
nuclear energy feasible.

Scientists at that time had two primary objectives:

a) the characterisation of the constituent elements of nuclear fuel and
moderators, reflectors, control rods, coolants and shielding, and

b) the study of organic compounds that would facilitate the enrichment of
uranium in minerals and the elimination of impurities in uranium compounds
(Pérez-Luifa et al., 1960).

Groups of chemists were formed at the JEN according to their specialities:
metallurgists and a multidisciplinary group, with two tasks:

(a) to meet the technical demands required for determining the composition
of materials using X-ray spectroscopy (Diaz-Diaz et al., 1959), (Roca-Adell &
Alvarez Gonzélez, 1964),

(b)advancing knowledge, separation and enrichment of deuterated water
(Cordero-Lopez & Tanarro-Sanz, 1959) and tritiated water.

The aim was to advance the possible use of deuterated water (?H.0) and
tritiated water (3H,0) in other types of nuclear reactors that did not require
enrichment in the uranium-235 isotope (?3°U), thereby avoiding dependence on
third countries that controlled the natural uranium processing industry for their
concentration.
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concentration. The so-called DON Project (Anca-Abati, 1966) of the latter group
(b) had this goal and was the method used by French nuclear power plants to
avoid it.

During this last phase, the development of organic coolants (Santovax and
Terphenyls) with good neutron properties was a persistently pursued objective
(Barrera-Pifiero & Manero-Rodriguez, 1963), (Pérez-Garcia, 1966).

Experimental nuclear reactors, towards progress in nuclear energy as a source

of electricity (nuclear power plants)

Once the JEN-1 reactor was built, the first need arose: to find extremely pure
cooling water to prevent the neutron activation of trace elements—which the
water could contain—and to control the decrease in neutron flux (Urgel et al.,
1965), (Batuecas-Rodriguez et al., 1957).

Radiochemistry, which also studied the influence of radiation on the
decomposition of organic compounds, became very important, as organic
coolants and moderators that could be used in nuclear power plants could
deteriorate and fail to perform their function. Other combined instrumental
techniques were developed during this period for these studies: mass
spectrometry and gas chromatography (Gascd-Sanchez et al., 1957) (Carreira,
1965).

The environment began to be targeted: did the JEN's experimental reactor

influence its surroundings? Or was it the experimental detonations of nuclear

weapons in other countries and their subsequent "global fallout"? Or nuclear

or radioactive accidents beyond our borders?
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The "radioactive fallout" produced by nuclear weapons testing began to be
detected and analysed in the environment, with temporary records of its
evolution in several countries, both in the air and in the sea (Aarkrog, 1988). In
1957, a Spanish study was published that surprisingly showed concern about
this issue. Although Spain did not have the technical means to determine this,
the measurements taken by countries possessing nuclear weapons were
known, hence the interest shown (De-la-Cruz-Castillo et al., 1957).

Neutron activation (Travesi-Jiménez, 1967), an analytical technique that
allows the determination of non-radioactive elements in ultra-trace
concentrations, was made possible by the existence of the JEN experimental
nuclear reactor. Stable elements are converted by neutron flux into one of their
radioactive isotopes or descendants, and their concentration is determined
using the physical instrumental technique of gamma spectrometry, which
analyses the energy spectrum of the radiation emitted by the activated
elements.

This quantitative determination often requires: a) concentration of the
element to be determined by selective chemical reactions or by using its
adsorption capacity in other compounds, and b) separation of interfering
gamma emitters in the emission spectrum zone. Chemical analytical techniques
are thus combined with physical instrumental techniques. The sensitivity of the
method was so high that contaminants could be measured in air filters and
other types of samples without the need for large quantities of them.
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An accident at the JEN in 1970 caused a spill of fission products from the JEN
into the Madrid sewer system—an unprecedented event in Spain. Its detection
in the Tagus River was reported—through the existing legal channels—by the
Portuguese, who periodically analysed its waters.

The information on the analyses carried out, the characterisation and
quantification of the isotopes in the "impacted" areas, was considered
"confidential", recognising that there had been incineration of "probably
contaminated" agricultural products and that this cremation could have
influenced the air quality in the area where it took place. The existing literature
consulted reflects the interest in analysing it at that time and subsequently,
with more sensitive analysis techniques available (Sancho-Llerandi, 1996). The
determination of radionuclides in the abiotic and biotic components of the
ecosystems affected by this accident may have suffered from a lack of analytical
methods and instrumentation sensitive enough for its correct assessment at
that time, problems that have now been resolved (2024), although it is
impossible to recover the environment of those years. Prevention and
restoration techniques for exposed areas were developed after this incident,
improving the sensitivity of the analyses.

Preserving food by irradiating it. Influence of radiation on its properties.

The influence of radiation on food was studied as a means of eliminating
parasites and bacteria, thereby improving its preservation. Once irradiated, it
was necessary to check that its organoleptic qualities had not changed,
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i.e. whether the radiation indirectly affected its smell, taste or colour. The first
studies were carried out on potatoes, a staple food widely consumed and
requiring storage without deterioration (Rivas et al., 1967), (Barrera-Pifiero et
al., 1971), (Barrera-Pifiero et al., 1972).

A controversial element: plutonium. Use in weapons and nuclear power plants.

The radiochemistry of plutonium was studied in greater detail in the 1960s by
analysing the results of research carried out as part of the Manhattan Project
(Seaborg, 1959). Analytical studies for the separation of plutonium from the
fuel elements of nuclear power plants and its quantitative determination began
at the JEN, probably with the aim of creating an atomic bomb. As progress was
being made in these determinations, the Palomares accident occurred in 1966
(Odland, 1966). As this element is a component of thermonuclear bombs,
scientists from the JEN travelled to the accident site and collected samples of
both the debris from the burned bombs and the soil and biota, which allowed
them to evaluate their concentrations and the isotopic ratios of plutonium
(AFMOA (Air Force Medical Operations Agency) - AFIERA (Air Force Institute of
Environment, Safety, 2001).

The INDALO project (1966-1986), partially funded by the USA, made it
possible to identify and analyse the transuranic elements in the components of
the Palomares ecosystem and their effects on its inhabitants (Richmond &
Iranzo, 1987). The reports, covering a certain period of time, were considered
"classified" and unavailable for consultation. The US government declassified
them, making them accessible to the public on the
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the Internet for a limited time and with free document downloads (USAF,
2001).

The doctoral theses that were directed within this project did not contain the
term "Palomares air accident or thermonuclear bombs" in their titles (Gasco &
Gasco, 1990), (L. Romero, 1991), (Antdn-Mateos, 1999), (Asuncion Espinosa-
Canal & Antonio Salvador-Baeza, 2002), (Aragdén-Valle et al., 2003), (Gasco et
al., 1992), perhaps to avoid upsetting the project's funders or obtaining
information for other purposes. Other theses read in Spanish faculties—outside
the INDALO project—did incorporate these terms.

The Environmental Radiological Monitoring Plans that were initiated as a
result of the accident are still in place in the area today (2024), assuming that the
CSN (Nuclear Safety Council) reports them to the Congress of Deputies and they are
available on demand (CSN, 2020), as the data obtained is public.

Direct measurements and quantitative determinations of samples from this
particular ecosystem have been subject to exhaustive national, European and
international quality controls over the last twenty years. Current and past data are
presented to the international scientific community in the form of papers and articles in
prestigious journals, which can also be consulted.

Due to its impact and "secrecy," this accident has given rise to: reflections
(Alvarez-de-Toledo, 2001), (Lépez-Arnal, 2014), dissemination in the media—
newspaper articles—  (Vilards, 2004), (Martinez-Cavero, 2016), books
(Moreno-lzquierdo, 2016), (Guillermo Velarde-Pinacho, 2016), (Gamez-Balcazar,
2022) and miniseries, such as the four-episode Palomares: dias de playa y
plutonio, produced by Movistar+ (Ron, 2021).

41 -



All these narratives recount the events that took place in Palomares since
1966, from their particular point of view (journalistic, social, political) and
contain some of the documents declassified by the United States (USA),
anecdotes, social repercussions, short films, photographs and historical events
of the time.

Synthesis of radiopharmaceuticals and labelled organic compounds

This speciality gained ground in the field of organic chemistry for several
reasons, among which the following stand out: a) the need to obtain organic
compounds containing radioactive isotopes that could be assimilated by the
body's organs and used in medicine to selectively attack cancerous tumours
and alleviate their effects, and b) the ability to analyse the processes that
occur in chemical reactions with labelled organic compounds (Molero et al.,
1963), (Gomez-Mifiana & Gamboa-Loyarte, 1963), (Saa-Delgado & Gamboa-
Loyarte, 1970).
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Chapter 5

Development of radiochemistry and its applications to
respond to problems arising from the use of nuclear
energy, radioactive facilities and the existence of non-
nuclear industries (NORM). Harmonisation and
standardisation of radioactivity measurement methods
(1970-2000) used by laboratories at national and
international level.
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Radiochemists—using a combination of traditional analytical and
instrumental techniques in their laboratories—made progress in solving the
problems arising from the interaction of radionuclides with the environment and their
impact on human health. New technologies during this period helped to make
this possible.

Radiochemical separation methods achieved ultra-trace sensitivity levels
(=ppt, parts per trillion) thanks to two factors: a) Technical improvements in
measurement instrumentation (gamma spectrometry, continuous flow
proportional counters, alpha spectrometry, liquid scintillation, etc.), and b) new
compounds to facilitate the separation and concentration of isotopes of
interest (organic chromatographic resins and chemical compounds such as
ammonium phosphomolybdate, among many others, capable of selectively
separating caesium (*37Cs) in seawater).

The high sensitivity of these quantification procedures indirectly led to:
improved knowledge of the environmental behaviour of radioactive elements,
more effective protection of the environment and human beings, progress in
medical physics, and the synthesis of labelled organic compounds for specific
purposes.

—First European projects

Spain's accession to the European Union facilitated the progress of
radiochemistry as a means of conducting the first radioecological studies in the
field of radiation protection (1980-1984). Two projects received funding under
these programmes: the project entitled "Behaviour of plutonium and americium
in the marine ecosystem of Palomares" (CIEMAT), which was extended
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subsequently with the participation and cooperation of the UAB and other EU
countries in the coastal area of the Gulf of Vera (Iranzo, Gascd, et al., 1987),
(Mitchell et al., 1990), and the so-called: "Transfer routes of radionuclides emitted
by non-nuclear industries" in which several EU countries participated. Spain's
contribution to this project was to study the effects of natural radionuclide
discharges from the Phosphate Fertiliser Factory (located in Huelva) on river and
marine ecosystems. The industrial chemical processes used to extract
phosphoric acid and produce fertilisers for agriculture were based on a raw
material: "phosphate rock", enriched in natural radioactivity. The white ponds
containing the solid waste formed by decantation could be seen in satellite
images and were also characterised (Lembrechts et al., 1990), (U. Sevilla-
CIEMAT).

At this stage, it is clear—as in many other academic disciplines—that
radiation protection requires a multidisciplinary approach in which
collaboration between physicists, mathematicians, engineers, veterinarians,
pharmacists, biologists, and chemists is essential (see Fig. B). Radiation
protection professionals need to update and renew their knowledge because
biologists lack sufficient training in chemistry, physicists lack training in
chemistry that they can apply to their mathematical models, and chemists lack
a solid foundation in nuclear physics, which they need to apply to the
instrumentation used and its quantification for analytical purposes. This
situation is being resolved through mutual interaction between professionals in
each field of science within these European projects.

As in the previous chapter, professionals in the field of radiochemistry are
directing their expectations towards new environmental objectives and
problems, among which the following can be highlighted:
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—Speciation, form and chemical compounds

The improvement of radionuclide speciation techniques (natural and
artificial) became an essential goal of radiochemistry at the end of this period,
as it serves to: determine the compounds and associations of radioactive
elements existing in the natural environment (natural and artificial), and predict
their short-, medium- and long-term evolution in the environment (Antén-
Mateos, 1999).

The toxicity of a radionuclide (food chains and biomagnification), its danger
(internal radiation doses), and its distribution and evolution in the planet's
different ecosystems can be predicted by knowing the oxidation state of some
of them. The different chemical and biological behaviour of the compounds that
can be formed with the different "species" is essential for predicting their final
fate through mathematical modelling. The "speciation" of a radionuclide is
feasible when extremely low concentrations of each of them can be detected.

As an example of how far these techniques could go, radioactive elements
that were previously impossible to detect in the air could now be detected,
reaching levels of 10,000 atoms of an element in 1 cubic metre (™) of air. An
innovative sampling methodology, analytical concentration of the element and
appropriate instrumentation (AMS, ICP-mass, alpha spectrometry) can achieve
these levels.

These highly sensitive analytical determinations raise the need to improve
the expression of the results obtained. The calculation of uncertainties due to
sampling, instrumental backgrounds, radioactive decay, -elimination of
interferents, aliquot selected for analysis,
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etc., together with the detection capacity of the measuring instrument, allows
the harmonisation of data issued by different laboratories for the purposes of
radioactivity control at both national and international level (M.L. Romero et al.,
2003).

One of the principles of traditional chemistry is that all isotopes of the same
element have the same chemical properties, since these depend on their
electronic configuration, not on the characteristics of the atomic nucleus.
Chemical reactions are produced by the energy distribution of electrons in the
atom and not by the distribution of neutrons and protons in the atomic nucleus
and their energy (nuclear physics).

This "general" principle was questioned in radiochemistry when a
disproportion in the ratios of two isotopes of the same element was observed
after a chemical reaction. This phenomenon became apparent with plutonium
and its isotopes, as well as with other natural isotopes such as those of
uranium. The explanation for what happens is due to the equilibrium constants
of chemical reactions involving isotopes with different decay periods. The
reactions involve molar concentrations of each of the isotopes, and not all of
them have the same concentration, as can be seen in the figure (Fig. C). Two
isotopes of the same element, such as 23Pu and %*°Pu, can form a certain
compound if the given value of the equilibrium constant of the chemical
reaction is satisfied, since even though they have the same activity
concentration (Bg-L?), their molar concentration is not the same (mol-L?). At the
same activity concentration, one of the isotopes forms the compound and the
other does not, resulting in isotopic disproportionation. The Becquerel (Bq or
disintegrations per second) must be converted into the mass of that isotope
and then into its molar concentration (the calculation formulas for
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The activity is associated with a temporal factor of the half-life of the corresponding
isotope.

The problem of 'speciation' is becoming increasingly relevant with the need
to improve sampling — in the event of an accident — at nuclear and radioactive
facilities, and in nuclear weapons testing, where several isotopes of the same
element are produced that react rapidly in the atmosphere or in the aquatic
environment, depending on whether it has been a certain type of bomb
detonation (aerial or submarine) or accident (terrestrial or coastal).

One of the most chemically reactive elements in the air is iodine (Saiz-Lopez
et al., 2016), (Hou et al., 2009). Its isotope 31| (a fission product present in
nuclear facility accidents) is sampled in two forms:

a) associated with active carbon. lodine is concentrated in the form of gas (i2)

b) associated with aerosols and particles suspended in the air. Other iodine
compounds are concentrated.

The cutting-edge sampling methods developed to collect the various iodine
compounds and the improvement of the radiochemical method of
determination in these fractions were originally designed by the French IRSN
(Institute for Radiological Protection and Nuclear Safety) at that time.

The speciation of iodine isotopes is key to understanding: the impact of a
nuclear accident on the environment (concentration in the thyroid or not,
fixation in other organs, permanence in the body, etc.), evaluating the
interaction of the various isotopes with the ecosystem, and tracing the
evolution of
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liquid effluents produced by CCNNs, hospitals and facilities (legally permitted).
lodine (™3 I, 12> 1), indium (*! In) and technetium (*° Tc), discharged by the
aforementioned facilities, even though they decay rapidly, allow their path to
be observed along rivers, lakes and the sea, and can be considered valid tools
for evaluating other phenomena such as the flow and stratification of marine
and river currents. We must not forget the iodine isotope (*?° 1), which also
appears in certain nuclear facilities, has a decay period of 15.7 million years and
transmutes into a noble gas: xenon (12° Xe).

Thanks to speciation, it was possible to determine the oxidation state of
plutonium dissolved in seawater off the Spanish coast. Plutonium (3%240py)
occurs in the marine environment in four oxidation states. The lowest oxidation
state is Pu (lll or IV) and the highest oxidation state is Pu (V or VI), with the
latter being dissolved in Mediterranean water. Determining the oxidation state
of this isotope makes it possible to know whether the plutonium will be
integrated into living organisms or will associate with particles suspended in
seawater that will eventually be deposited in the sediment. This milestone was
achieved by chemically separating plutonium with a double tracer in different
oxidation states (necessary for calculating chemical yield) in 500 litres of
seawater (Mitchell et al., 1995) (Jordi Vives i Batle, Med 91). This determination
of oxidation states by physicists was based on radiochemical procedures
existing in other countries where plutonium was discharged directly into the sea
(spent fuel reprocessing plants) but with a high concentration of activity of the
element "Irish Sea".

-50 -



The speciation of plutonium was also studied in Palomares because of its
implication in the dose to the population. This place had become an
experimental ecological laboratory (without being aware of it) after the 1966
accident. In this case, the aim was to determine the solubility of the chemical
species associated with plutonium and their ability to migrate over time, both in
the terrestrial and marine environments.

Another way in which radionuclides exist in the environment is through their
association with highly insoluble compounds or by forming insoluble particles
"by themselves" that are associated with other compounds. These phenomena
are caused by the high-temperature combustion of combustible elements in
nuclear accidents or other processes.

The presence of so-called "hot particles" of other elements (caesium 37Cs,
strontium °°Sr, plutonium 232240py, americium 2*!Am, etc.), recognised in the
terrestrial environment by direct monitoring or by separation of successive
aliquots and measurement of fractions, demonstrated the need for additional
physical and radiochemical studies, both in Palomares and in other accidents
that have occurred in Spain (Castelo et al., 2010).

—Proliferation of CCNN, controls and environmental radiological monitoring

The use of nuclear energy and the proliferation of nuclear power plants
worldwide—including in Spain—have contributed significantly to the
development and improvement of techniques for measuring radioactive
isotopes, both natural and artificial. Among natural isotopes, we must not
forget the control of uranium mining waste, its disposal or storage, and among
artificial isotopes, the control of emissions and effluents from nuclear power
plants at local, regional and national levels.
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The need to improve the control of radioactive emissions during the
decommissioning and final closure of nuclear facilities, and to assess the
discharges of certain non-nuclear industries, has resurfaced in this period,
requiring new sampling and radiochemical analysis methodologies.

The impact of the accidents that occurred during this period and the long-
term consequences of those that occurred previously gave rise to the study of
the remediation of contaminated areas and indirectly led to a resurgence of
Environmental Radiological Monitoring Plans (ERMPs) worldwide, even in
countries without such facilities.

Radiochemistry is increasingly appearing in scientific articles in international
publications, and there are even exclusive publications such as Radiochemistry,
Springer (Gritchenko et al., 2001) to disseminate improvements in analytical and
instrumental techniques for the quantification of radioactive isotopes and their
compounds, which in this period are essential for multidisciplinary studies in
the field of Radiation Protection and other purposes.

Atmospheric radioactive monitoring carried out at various locations and the
sharing of meteorological data between several countries often makes it
possible to establish the source of an "unexpected and accidentally released"
radionuclide and identify those responsible. In practice, this process is made
possible thanks to the collaboration of radiochemical laboratories located in
multiple countries and associated in cooperative networks. Spain's contribution
to these networks began to gain importance during this period at the national,
European and international levels:
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a)

b)

National: expansion and improvement of the existing monitoring
network to detect accidents in non-nuclear industries and across
borders. This need for expansion became apparent after an accident at
a steelworks caused by the combustion of radioactive sources in scrap
metal from hospitals, which was unloaded at the port of Cadiz (Spain,
Acerinox 1998), (Alcaide & Ortiz, 2018).

European: collaboration between European laboratories for real-time
communication between members of the network for the detection of
unexpected radioactive isotopes in the air, and rapid communication to
the competent authorities. These atmospheric emissions usually
originate from accidents at radioactive facilities and require highly
sensitive measurements. This cooperative network was named ROF.
"Ring of Five" because five laboratories participated, including one
from Spain (CIEMAT), although it was later expanded to other
European and Spanish countries (Masson, 2000), (Masson, 2014).

International: created for cases of nuclear and radioactive accidents
worldwide. The IAEA's ALMERA network has 202 laboratories in 90
countries (List, 2022)—including two Spanish laboratories—spread
across five continents, which are subject to strict quality control and
accreditation (issued by the agencies of each country) for the
techniques used in the analysis of radioactive isotopes, both in food
and in abiotic and biotic components of ecosystems (Gascé et al.,
2008).
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— What to do with the radioactive ? Recycling

orfinal storage?

Low- and medium-level radioactive waste, and waste produced by hospitals,
was stored in drums that were then deposited in deep-sea trenches (Atlantic
Trench). Other countries did so without control, with waste of an 'unknown'
nature on continental shelves located in northern Europe.

Control of the dispersion of radionuclides—due to corrosion or breakage of
the containers—was carried out by the countries that deposited them, although
members of the Organisation for Economic Co-operation and Development
(OECD) could also participate at an informational level in technical committees
(CRESP, 1990).

Existing laws on the right to direct dumping  of

"various types of waste" transported in drums and dumped directly by ships in
international waters, were under discussion, and there was strong pressure
from environmental groups to ban them. A reference to the Atlantic trench and
international law on radioactive dumping was published in Spain in 1988
(Corral-Sudrez, 1988). The

London Dumping Convention finally banned this type of dumping and storage
at sea.

Recently, in 2025 (Grafia, 2025), an international project led by France
(IFREMER and CRSN) called NODSSUM (Press Release, 2025) was launched(Sfen,
2025) with the aim of assessing the current state of existing drums, mapping
their location and taking samples for radioactive analysis (with the participation
of the University of Gerona) and comparing them with
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measurements taken in previous years (1994-1998), available in databases
(European project called CANIGO —with Spanish participation— within the
MAST Ill Programme), (Gasco et al., 2002).

The first studies in this field were made possible by the development at
CIEMAT of techniques for concentrating radionuclides in seawater, sediments
and biota (Gasco-Leonarte & Anton-Mateos, 1994) in areas of Galicia and the
Canary Islands, close to the Atlantic trench.

The radiochemical separation methodology was refined for the study of the
possible influence of the Palomares contamination on the sea (L. Romero,
1991), (Gascd & Gascd, 1990) and to be able to distinguish the sources of
plutonium in the area: that from the accident and that from the "radioactive
sediment" accumulated since 1945 from nuclear weapons testing, and to assign
a percentage of the contribution from each source, which was subsequently
done (Anton-Mateos, 1999).

The choice between reprocessing high-level radioactive waste or storing it in
different geological formations has led to an increase in articles on the subject
and separation techniques in the field of radiochemistry.

The reprocessing of irradiated fuel from CCNNs to separate plutonium and
use it for various purposes was a common practice in some countries,
producing controlled discharges of radionuclides such as plutonium, caesium
and strontium (38Pu, 137Cs and %°Sr) into the sea. The Marcoule Plant (Nuclear
Facility) is located next to the Rhone River and reprocessed this type of fuel,
with its discharges reaching the Mediterranean Sea (Lansard et al., 2007). Once
incorporated into the sea, some of the radionuclides settle in the Rhone delta
and others are
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transported over long distances by prevailing currents, potentially affecting the
coastal platforms of neighbouring countries (Anton et al.,, 1994) and even
migrating to more distant areas.

Plutonium, in particular, in its highly oxidised phase (oxidation states V and
VI) and due to its ability to form complexes and compounds in this state, is
capable of being transported by different ocean currents, while plutonium in its
oxidation states Ill and IV shows a high capacity for adsorption on the surface of
inorganic or biological suspended particles (plankton debris) and can be
deposited in coastal sediments. For this reason, it is important to know the
speciation of certain elements and in what form of organic product they have
been discharged into river or marine waters, depending on the facility.

The option of burial was considered as an alternative to reprocessing, the
main objective of which was to recover fissile isotopes that could be reused
either for nuclear weapons or for new-generation nuclear power plants. The
storage of high-level waste in deep geological formations intensifies the study
of the migration of radionuclides and homologues (non-radioactive) through the
formation of colloids. Radiochemistry is undergoing significant development in
this field with the aim of predicting the transfer pathways of radionuclides in
this environment and creating realistic models of the behaviour of these
radionuclides in the environment in the medium and long term.

—Natural radionuclides: their study is increasing.

Radioactive radon gas (*22Rn and 22°Rn) (Acefia & Crespo, 1989), (Gutiérrez et
al., 1988) originating from the decay chains of uranium and thorium (23U and
230Th), and emitted from the
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soil into the air, accumulates in enclosed spaces in homes, highlighting the
problem it can pose to human health worldwide. The construction of buildings
in areas mapped, measured and classified as emitters of

"High doses" of radiation due to the mineralogical composition of the soil
(Garcia-Talavera & Lépez-Acevedo, 2019) should be monitored for radon
content so as not to exceed certain levels of this gas (between 200 and 600
Bg-m3 ) and, if these levels are exceeded, effective ventilation systems should
be installed in the home. The presence of this gas and the natural radioactivity
content of building materials are becoming essential factors in controlling
radiation doses in homes and public buildings. Radiochemistry comes into play
when calculating indices for the materials used in construction, which require
radiological characterisation and therefore specific methods for quantification.

The application of quality control to laboratories issuing results in order to
comply with the law required proven analytical procedures, both for measuring
radon inside buildings and for natural radionuclides present in materials. The
international standards created for this purpose and the preparation of proven
standards for direct determination or through their descendants increased
considerably (De Felice, 2007), (Ortega-Aramburu, 2002), (Sainz et al., 2018),
(University of Cantabria et al., 1998),(Xhixha et al., 2017).

The "increased" natural radioactivity caused by the treatment of raw materials
and minerals in certain "non-nuclear" industries began to be studied at this
time. This long-standing problem was known in countries that did not have a
nuclear industry but had large nuclear facilities located on their territory.
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The CSN funded projects in Spain during this period to develop analytical
methods for determining natural radioactive elements in raw materials,
materials, waste and emissions from these types of industries (Martin-
Matarranz, 2013).

The complication of this radioactive characterisation stems from the fact that
when the samples are handled, they contain a high concentration of activity
(expressed in Becquerels per kilogram or per litre (Bqg-kg?, Bg-L! )) that can lead
to contamination of the radiochemical laboratories themselves (muffle
furnaces, mortars, mills, stoves, glassware, pipettes, electrodeposition cells,
etc.). Minimal sample pre-treatment and an isolated laboratory are necessary
to pre-screen the samples and approximately evaluate their concentration
using direct instrumental techniques, thus deciding on the sample aliquots to
be taken for subsequent analysis (if any separation method is necessary before
measuring the isotope).

The oil industry, an example of a "non-nuclear" industry, often contaminates
certain naturally radioactive materials during exploration, extraction,
refining and transport processes. Oil pockets inside the earth accumulate radon
gas, which is released during the drilling and extraction process, along with its
descendants: lead, polonium and radium (solids) accumulate in drills, pipes,
valves, etc. A dust enriched with these radionuclides is extracted during the
cleaning of pipes and valves, which can be dangerous if inhaled by workers.
Occupational risk management must consider the assessment of the content of
these radionuclides and their influence on occupational health. The quantitative
determination of these elements must be governed by quality protocols and
carried out by accredited laboratories. The analysis of radionuclides in this type
of material presents several difficulties.
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The quantitative determination of polonium is relevant because it is an alpha
emitter that concentrates in a peculiar way in these materials, as they contain
high concentrations of radioactive lead (*'°Pb). Polonium (*'°Po, 1/, = 138.4
days) is a descendant of radium (?2°Ra, 112 = 1,585.5 years) and, despite its short

half-life, as it coexists with its parent lead (**°Pb, 112= 22.23 years) and reaching
secular equilibrium, it apparently decays at the same rate as its parent lead:
twenty-two years (as long as there is lead, there will be polonium in equilibrium
or not with it). The determination of lead and polonium is complicated because
equally precise methods are required to measure both, with polonium
(measured by alpha spectrometry) being more precise than lead (measured by
gamma spectrometry).

Discharges from NORM industries can cause an increase in natural
radioactivity in food from areas affected by their emissions or effluents. Algae (some
of which are edible and incorporated into the diet), fish, crustaceans, molluscs,
snails, vegetables, etc. may be subject to health checks if there is suspicion that
the accumulation in them exceeds the activity concentration values permitted
for consumption.

The analytical determination of 21°Po in food—mainly in molluscs and fish—
presents technical difficulties due to the possible existence of organic polonium
compounds in this type of sample, which underestimate its actual concentration
as they do not deposit on silver (as proposed by the methods normally used for
its determination by alpha spectrometry).
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—Need for national and international harmonisation of radiochemical separation

methods

The harmonisation of radiochemical methods for the determination of
radionuclides (natural and artificial) in environmental samples and the quality
control of laboratories that issue radioactivity results are considered necessary
by the international organisations (ISO, IAEA, WHO, FAO) to which Spain
belongs. The Spanish competent authority for nuclear safety, the CSN, is
responsible for fulfilling these objectives and guaranteeing the quality of the
data issued at national level as a result of its integration into these institutions.

The contribution of AENOR, UNE, CSN, CIEMAT and the University of
Barcelona to this quality assurance should be highlighted: AENOR and UNE
promoting and assisting in the accreditation of Spanish radiochemical
laboratories and the harmonisation of Spanish standards with European and
international standards, and the CSN involved in organising intercomparisons
and promoting the participation of all Spanish laboratories that contribute to its
radioactive alert networks (Trinidad et al., 2015). The UB collaborated in these
intercomparisons in the preparation of samples and CIEMAT in the evaluation
of the data obtained and preparation of reports.

—Radiochemistry as a speciality of chemistry

Radiochemistry was not a structural part of European chemical societies.
EuChemS (European Chemical Society) began its activity in 1970, bringing
together 17 member societies from Eastern and Western Europe, representing
more than

160,000 chemists 49 societies and other organisations
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related to chemistry. In 1995, the "Radiochemists" group was formed in Europe
within the specialities of Chemistry, as it did not previously exist. The EuChemS
network organises specialised academic conferences and biannual congresses
and promotes the role and image of the chemical sciences among the general
public and policy makers through social media, newsletters and the
organisation of conferences (Gasco, Alvarez, et al., 2006) and workshops open
to the public.

— Learning from the past

Accidents that occurred in the past: Palomares, 1966 (lranzo-Gonzilez &
Salvador-Ruiz, 1980) and Jarama, 1970 (Sancho-Llerandi, 1996) and those that
occurred in recent times: Chernobyl (1986), Vandellés (1989), Acerinox (1989)
and Balsas del Rio Tinto (1998), contributed to:

a) the study of techniques for restoring affected land

b) the establishment of limits for the export of foodstuffs in terms of activity
concentration (not in terms of dose, as was previously the case) and an
improvement in the analysis of radioactivity in foodstuffs.

C) The construction of universal databases on radioactive content in food
(WHO and FAO)

d) improvements in the characterisation during an accident of both chemical
species and those formed by their aggregation to particles (Castelo et al., 2010)
or other compounds.

Radiochemical separation procedures contributed in part to the
identification and resolution of existing problems in the field of environmental
contamination by radionuclides.
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An example of the importance of refining measurement methods for
subsequent application in other studies, such as environmental impact
assessments, is the quantification of radionuclides in air. Increasing the
sensitivity of the determination of the artificial radionuclides plutonium (Pu)
and americium (Am) in filters (particles suspended in the atmosphere),
capturing a high volume of air, presented the difficulty of the presence of a high
concentration of natural radionuclides (descendants of radon gas present in the
air) in the same filter. The determination of these artificial isotopes (alpha particle
emitters) requires the separation of natural radionuclides, which are
radiochemical interferents as they emit alpha particles of similar energy. New
techniques estimate that concentrations of the order of 1 mBg-m3 of
naturally occurring lead and polonium (?1° Pb and 21° Po) can be separated from
concentrations of plutonium and americium (23%24°Pu and *!Am) of the order of
1 nBg-m 3. An order of magnitude of one to one million (separation factor = 10°)
and are feasible using the appropriate method. These so-called separation
factors show the difficulty of radiochemical analysis (Trinidad et al., 2009).

The application of this type of technique to samples analysed using other less
sensitive methods could call into question or raise doubts about the data
obtained in the air in a past accident, as will be seen below.

The determination of atmospheric plutonium in the Palomares area (1966-
1978) was carried out using sampling, analytical and instrumental techniques
(alpha and gamma spectrometry) that were improved in 1980 by increasing the
number of cubic metres of air filtered and introducing new radiochemical
methods for its determination. One aspect that was not analysed when the
sensitivity of the method was improved in 1980 was the origin of the
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plutonium found in the air filters. There was another source of plutonium: the
"radioactive fallout" from atmospheric nuclear weapons testing, with a peak in
detonations in 1964, and several countries had high-flow samplers and methods
for quantifying it. So, did the plutonium detected in Palomares in very low
concentrations come from the accident or from the "radioactive fallout" of the
time?

A review of the plutonium data from 1980 to 1982 in Palomares (Gasco-
Leonarte, 1984) and a comparison with the existing results of air concentration
in those years in other European locations (?3%%%°Pu 1 uBg-m=3 ), it could be
deduced that, in some cases, the concentration in the air at that time came
from "radioactive fallout" and not from the accident. As there were no
measurements of such high sensitivity in another location not affected by the
accident at that time (1966), the studies could not be conclusive.

Currently, this deficiency in the measurement of plutonium and other
radionuclides has been corrected, but it should be noted that over time, the
presence of artificial radionuclides in the air decreases (some through decay
and others through deposition in the sea or on land) and detection methods
must become increasingly sensitive. The resuspension of radionuclide deposits
on land must also be considered in cases of local increases in their
concentration in the air.

Air measurements taken by the high-sensitivity network located in Madrid
have made it possible to determine this "radioactive sediment" and its variation
from 1990 to 2019, using a national "blank" reference point (Gascé et al.,
2007).

Sometimes radionuclides of unknown origin are detected in the air, which do
not come from national sources and
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must be reported to the authorities. An anecdotal case occurred with the
inexplicable appearance of americium (2*!Am) in the air, in a single air filter and
on a specific week, confirmed by two determination techniques (gamma and
alpha spectrometry). As only americium appeared, unaccompanied by
plutonium—its progenitor—other possible origins were ruled out. The only
acceptable explanation at the time was that it could have come from an old
smoke detector containing a source of americium that had been incinerated
(illegally) in a nearby location. The mystery of the source of this americium was
solved—by chance—when a scientific paper was presented at an International
Congress on Radiological Protection held in Glasgow (United Kingdom). The
paper dealt with the actions of firefighters in a case of fire in a warehouse
containing old smoke detectors that had been withdrawn from the market and
from the facilities where they were used, with an americium (***Am) source,
and the measures taken to extinguish the fire and prevent its spread. The
incident had occurred at around the same time as its detection in Madrid, but
there did not appear to be any similar incidents in other countries.

The air sampling technique (high volume) was so effective that the Acerinox
accident could be detected in the control filters collected in Palomares as part
of its Environmental Radiological Monitoring Plan. The presence of caesium
(*37Cs) in them, without any plausible logical explanation, could be attributed to
the Acerinox accident at a later date. The detection of the same isotope in other
countries predicted the probable origin (source term) and confirmed the cause
of the emission.

The storage of medium- and low-level waste in Cabril (ENRESA, 1997), the
study of the effects of radiation on CCNN materials, the harmonisation of
effluent measurement and the promotion of intercomparisons were at their
peak
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as a subject of scientific study, which materialised in presentations at the
National Congresses of the SNE and SEPR, considering their radiochemical
aspect.

The study of the ease of migration of certain radionuclides, due to their
association with colloids, represented another considerable advance for
radiochemistry. This interest was motivated by the constant concern about the
final destination of radionuclides (with long half-lives) that were part of the
high-level radioactive waste from nuclear power plants and were to be
"deposited" in deep geological formations.

—New technology (instrumental), new analytical methods

During this period, scientists did not abandon their previous lines of
research: the labelling of organic compounds and the constant improvement of
analytical separation techniques.

The gradual emergence of new chromatographic resins, more sensitive
instrumentation—due to the reduction in detector background and electronic
noise—and better shielding led to an increase in the sensitivity of radionuclide
determination methods, and improvements were achieved in each of the
different fields of research.

An example of this progress in the 1980s can be seen when studying the old
techniques for separating strontium (Sr) in samples from environmental
sources. The determination of radioactive strontium isotopes (°°Sr and 8°Sr) was
complicated in this type of sample due to the high amount of calcium (Ca)
present in them. Calcium had to be separated from strontium by the
instrumentation used at that time to determine
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these strontium isotopes: proportional continuous gas flow counters. Calcium
had to be eliminated or at least avoided due to the strong self-absorption of
beta particles (emission electrons) in the resulting strontium carbonate
(containing 82°9Sr)—which should not contain high amounts of calcium—after
the analytical separation process with stable strontium carrier added in known
amounts.

The determination of radioactive strontium in the presence of calcium
(radio-chemical method) was based—in the 1960s—on the different solubilities
of the nitrates of both elements: strontium (Sr) and calcium (Ca) in
concentrated 'fuming' nitric acid. This fuming nitric acid, which is highly abrasive
and corrosive, requires the use of powerful fume cupboards with a neutraliser
prior to its emission. Between 1970 and 1980, this technique was modified
using columns with ion exchange resins that separated both elements, based on
the different formation constants of their complexes with hot lactic acid. This
method was improved by performing it cold and based on separation with
ethylenediaminetetraacetic acid (EDTA) at different pH levels (Gascé-Leonarte
& Alvarez-Garcia, 1988). It is currently performed using chromatographic
columns with organic extractants, both for strontium and other radioactive
isotopes (lead, ?'°Pb), followed by instrumental measurement using liquid
scintillation. These types of columns with organic extractants (TRU, TBP, etc.
Triskem©) were also used for the determination of plutonium and americium
(Gascé et al., 1994).

Many other techniques modified from the old separation methods have
proliferated in recent years (Crespo, 1996). The aim of these radiochemical
techniques was to apply them to new studies in the following fields:
geological, environmental, radioecological,
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radiation protection, effluent control during operation, decommissioning and
closure of NPPs, drinking water supply quality, cross-border accidents, food
quality, organic synthesis, etc.) and which were consolidated between 1970 and
2000 (Crespo, 1996), (Acefia & Crespo, 1989), (Vargas et al., 1997), (Gascdn et
al.,, 1996), (Dominguez et al., 1983), (Vera-Palomino et al., 1975), (Rodriguez,
1972), (M. C. Heras-ifiiguez et al., 1983), (Garcia Sanz et al., 1990), (Blanco
Rodriguez et al., 2000), (Iranzo-Gonzalez, E & Salvador-Ruiz, S. 1977), (Iranzo, S.
Salvador, et al., 1987), (Santamaria et al., 1986a) and (Santamaria et al., 1986b).

The quantification of natural radionuclides in drinking water has improved in
recent years, with the inclusion in legislation of new radionuclides to be
determined in addition to total alpha and beta radioactivity measurements. The
standards for doses to the population through ingestion are changing, and with
them, the legal requirements for the potability of drinking water, bottled water
and water from spas are increasing (M. Heras-ifiiguez et al., 2017).

The desire to determine the concentration of radionuclides (natural and
artificial) in the atmosphere and in aquatic environments at very low
concentrations led to the return to a tool used in the previous period: the use of
bioindicators. Measuring radionuclides in living organisms capable of increasing
the concentration of radionuclides in these environments by a factor of
between one thousand and ten thousand often achieved this purpose. An
example of the power of certain living organisms—present in ecosystems—to
capture and concentrate radionuclides is evident in:

a) mosses and lichens capable of storing radionuclides present in the
atmosphere
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b) molluscs and crustaceans in the aquatic environment, the former due to
their high water filtration capacity for feeding on microorganisms and the
latter due to their ability to concentrate calcium and strontium in their
exoskeletons

C) terrestrial bioindicators (predators in food chains) due to their ability to
feed on other living organisms that concentrate radionuclides

Bioindicators complement existing data from time series of direct
measurements of radioactivity in the environment. An example of their
importance was the study of the use of molluscs (mussels) to measure the
evolution of certain radionuclides (natural and artificial in seawater). Their
detection capacity showed that seawater quality could be determined and
therefore monitored.

The Mussels Watch network was created in Europe with the participation of
Spain's Spanish Institute of Oceanography (IEO) to monitor the presence of certain
heavy and toxic metals in the Mediterranean Sea. For this study, the IEO
collected a selection of mussels (Mytilus edulis, L.) from the Spanish Continental
Shelf. CIEMAT's RAYVR, taking advantage of the IEQ's professional sample
collection, offered to monitor the radioactivity in seawater by analysing two
natural radionuclides: polonium (Po) and lead (Pb) and two artificial ones:
plutonium and caesium (?1°Po, 20Pb, 239.240py, 137 Cs) in this type of sample due
to its high capacity for filtering seawater and concentrating these radionuclides
(Anton et al., 2002). The Spanish administration considered that the study of
radioactivity at two control points, one near France and the other near the Gulf of
Vera, should be terminated due to a lack of external funding, despite its very low
cost (the most expensive part was sampling, which was free of charge for
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our institution), and perhaps to avoid having to explain the origin of the
radionuclides (what is not measured does not exist).

These same elements were also measured in mosses and lichens in Madrid
on an experimental basis to complete the time series studies (weekly, monthly
and annual) of plutonium and lead (?!°Pb) in air (Gascé et al., 2013). The results
were presented at a Radiological Protection Congress, demonstrating the great
potential of measuring mosses and lichens when high-flow air samplers are not
available.
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Chapter 6

Radiochemistry (2000-2024) as a tool for studying other
problems: decline or splendour? State-of-the-art facilities
and instrumental techniques, radiopharmacy, continuous
environmental protection with cooperative networks,
natural and artificial radionuclides as markers of temporal
phenomena: dating and erosion
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—Expectations for the closure of nuclear power plants in Spain and Europe

At the beginning of the 21st century, some European Union (EU) countries,
including Spain, consider nuclear energy to be an unviable alternative for
energy production. This decision is mainly due to two accidents that occurred
worldwide and had international repercussions: the accident at one of the
Chernobyl Nuclear Power Plant's reactors (1986) and the accident indirectly
caused at the Fukushima Nuclear Power Plant by the devastating tsunami with
catastrophic consequences for its surroundings (2011). Governments, taking
advantage of the negative social perception of nuclear energy, have decided to
introduce alternative 'clean energies' as methods of production. The direct
consequence of these political decisions is not to extend the life of nuclear
power plants and to begin their dismantling and closure.

Spain decided to join this initiative and currently plans to close Almaraz in
2025 and the other Spanish nuclear power plants between 2027 and 2035,
having already dismantled and decommissioned other facilities: Zorita,
Vandellés | and Garoiia are now shut down.

These expectations suggest that Environmental Radiological Monitoring
Plans (known as "PVRAs") will change their focus: they will expand the
radionuclides to be monitored during decommissioning and closure, and will
cease to monitor others that are no longer necessary because they are in
technical shutdown and have a short decay period. Will this scenario mean
progress in the development of better radiochemical methods for their
determination than those available in the previous century? Will
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external funding for existing radiochemical Ilaboratories belonging to
universities and other institutions belonging to radioactive monitoring
networks?

Recently, the EU (2025), due to this nuclear moratorium and considering that
SMRs are a 'clean' source of energy — as they do not produce greenhouse gases
— is beginning to consider the construction of low-power 'SMRs': 'Small,
medium or modular reactors are an option to meet the need for flexible
electricity generation for a wider range of users and applications. Small modular
reactors, which can be deployed as single-module or multi-module power
plants, offer the possibility of combining nuclear energy with alternative energy
sources, including renewable energy." Although these types of reactors do not
have a high energy generation capacity, they are more controllable in the event
of an accident.

It is estimated that nuclear weapons will continue to exist worldwide (and
who knows if they will increase despite international non-proliferation treaties),
and CCNNs will continue to operate for at least another 50 years. Not having
nuclear weapons or nuclear power plants does not guarantee that countries
that do not possess them are safe from radioactive air or water contamination.

Political decisions on the peaceful use of nuclear energy may also be affected
by a change in public opinion, making it difficult to predict the future of nuclear
energy and, at the same time, the development of instrumental and analytical
techniques (radiochemistry of CCNNs) for environmental control.
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—Non-nuclear industries that produce natural radionuclide accumulation in

their environment or emit them and discharge them in their effluents as a result

of industrial processes.

Certain industrial activities: production of phosphate fertilisers and
phosphoric acid, aluminium production, generation of electricity by coal
combustion and ash production, construction materials that recycle ash and
other substances that may contain high levels of natural radioactive
radionuclides, oil extraction, pipeline cleaning, natural gas, etc., can contribute
to increasing the amount of natural radionuclides in their immediate
environment.

The final product obtained in these facilities involves the redistribution of
natural radionuclides at the site of extraction of the raw material and its
subsequent chemical treatment in industry—if any—a change in the properties
of the original radioactive compounds that affects how radioactivity will be
dispersed in nearby ecosystems, including urban ones.

These industries, known as NORM, were already familiar in previous years,
but this year has seen increased interest in understanding the chemical
processes in their plants and the waste they produce (Martin-Matarranz, 2013)
(Schroeyers, 2017). Their effluents and emissions should be monitored to
ensure worker health and protect the environment.

The control of natural radionuclides requires the implementation of new
techniques and separation methods in laboratories that handle this type of
material. The concentration of radionuclide activity, being high, can be
dangerous for
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analysts in conventional chemistry laboratories who process them without
knowing their origin ("sample of unknown origin: screening required prior to
analysis").

Once the sample has been characterised and the approximate concentration
range of the radionuclides is known, the radiochemical analyses required to
quantify their activity concentration can be designed. This preventive procedure
avoids contamination of both the material used in the laboratory and the
analyst themselves.

Direct measurement screening techniques tend to make analyses more
expensive, and even when used, the handling of small sample quantities does
not ensure the representativeness of the sampling, nor does a low
concentration guarantee that there are no hot particles with high radioactivity
concentrations in the rest of the sample.

—Dating and erosion using natural and artificial radionuclides

The dating of sediments and geological formations with artificial and natural
radionuclides (Gasco & Antdn, 1997), and the use of these to study land erosion
and contribute to its measurement (Gascd, Anton, et al., 2006), make it possible
to verify the alterations made by humans to nature during the twentieth
century and predict how intense the process will be in later periods. The period
of the industrial revolution and the changes made to nature by humans is
coining a new term to define this geological stage, characterised by a major
transformation of the earth: the 'Anthropocene’.
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The use of the plutonium isotope (?3°Pu) that appears alongside the caesium
isotope ('37Cs) in nuclear weapons testing (Alewell et al.,, 2017) is being
considered by many scientists as a possible substitute for caesium in the dating
of sediments and soils and land erosion. Caesium (137Cs) has a very short half-
life for studies of erosion evolution, but it has the advantage of being able to be
determined directly in the field or even in the laboratory. The use of plutonium
(239py) for these studies is more versatile, as it allows both phenomena to be
observed over a longer period than caesium, because plutonium has a longer
half-life and the instrumental techniques for measuring its isotopes have
advanced considerably. In Spain, it is possible to use the AMS at the National
Accelerator Centre (CNA) belonging to the University of Seville (Chamizo Calvo,
2009) and others in the EU. This instrumental technique allows plutonium to be
analysed with a smaller sample size. One example suffices to explain what this
analytical determination means in the 21st century. The detection of plutonium
in seawater due to "radioactive sediment" in the 1990s required the analysis of
100 to 500 litres of water. Today, with 20 litres, similar sensitivities would be
achievable in the determination method, with faster radiochemical separation
and avoiding other types of interferents.

Radioisotopes, in addition to being good temporal markers, have an
advantage over other conventional chemical contaminants in establishing the
influence of the industrial period: they are detectable at lower concentrations
(levels of
"ultratrace") and allow for better tracking of anthropogenic pollution and soil
erosion (Gasco, C., Anton, M.P. et al., 2006).
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The relationships between radioactive isotopes with different decay periods,
both plutonium and other natural radionuclides such as thorium and uranium,
can be used to define contaminated areas and study their behaviour and that of
their chemical (non-radioactive) analogues in deep geological formations over
long periods of time.

—Preventing the loss of knowledge in the field of radiochemistry due to a

lack of interest among chemistry students

EuChems is concerned about the decline of this branch of chemistry and the
lack of interest among science students in studying it. Modernising and
stimulating the learning of radiochemistry in chemistry departments is and will
continue to be a primary objective of chemical societies.

The existence of new nuclear technologies will enable cutting-edge problems
to be solved in fields that were previously unimaginable:

In_medicine. The diagnosis and cure of diseases require organic compounds
labelled with new radioactive isotopes or facilities with accelerators (proton
therapy, etc.), where environmental control of radioactivity is necessary.

In the production of electrical energy. The emergence of new facilities such

as nuclear fusion power plants will require the control and measurement of
new radionuclides in the environment.

Chemical societies will have to address the challenges that will arise in the
twenty-first century and that could be solved with new radiochemical
techniques in the above fields.
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mentioned and others that are new. Predicting the future of technological
development and human needs is risky.

We will mention some of the advances and issues that should be addressed
because the objectives for some of them are beginning to emerge:

— Environmental Chemistry

The chemical speciation of radionuclides dispersed in the environment is one
of the fields that is expected to develop with the improvement of technology,
as has happened in the past. A better understanding of how to mitigate the
effects of the dispersion of pollutants from accidents, waste storage and
controlled emissions and effluents from: a) nuclear fuel cycle facilities (currently
shut down, being dismantled, decommissioned or recycled), b) nuclear fuel
storage (Albarran et al., 2008),(Missana et al., 2010), and c) medical facilities, is
becoming a necessity in order to understand the effects on the health of living
beings and prevent the disappearance of species.

These studies on environmental behaviour are possible by improving
sampling techniques, chemically concentrating isotopes and their compounds,
and determining them quantitatively with new high-sensitivity instrumental
techniques, based on historical knowledge and future technological
developments. There are studies from the past that have advanced the
robotisation of some of the stages of the analytical separation and
concentration procedures, and it is expected that many more chemical
compounds formed in the environment can be isolated, to which behaviour
models of other isotopes with longer half-lives can be applied.
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An example of these possibilities can be found in the number of chemical
species formed by iodine (131l), which can be applied to the most stable
isotope of iodine (*?°1) in long-term dispersion models. lodine has proven to be
one of the most mobile elements with the most chemical species due to the
compounds it forms through its reactivity with oxygen, among many other
gases in the atmosphere. In an accident such as Fukushima, the rapid dispersion
(Navarro et al., 2011) of both this element and caesium (137Cs and 134Cs) was
observed after a massive marine, aquatic and atmospheric spill.

Another environmental aspect to consider in the case of accidents is that,
due to the increase in other operations (fish farms in the sea, estuaries or
fjords) in areas affected by radioactive spills, there is an increase in what is
technically known as the vulnerability of the aquatic-marine environment.
Numerical data contribute to the creation of vulnerability maps, which highlight
areas requiring urgent protection with immediate alerts in the event that a
known quantity of radionuclides is dispersed into the marine environment
(Mitchell et al., 1999), (Howard et al., 2000).

—Natural radionuclides

The series that make up natural radionuclides have been known since the
discovery of radioactivity. The natural radionuclide at the head of the three
existing series: uranium (238U), uranium (?*°U) and thorium (232Th), decays,
giving rise to a set of descendants, also radioactive, with different decay periods
and different emissions, ending the chain in a stable element. In closed systems,
all elements belonging to the series are considered to be in secular equilibrium.
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all of which have the same activity as the parent, the head of the series. The
current challenge is to understand how—once the equilibrium has been
broken—the various components of the chain are distributed in biota and
ecosystems. This topic, which was extensively developed in the twentieth
century, is of particular interest in the twenty-first century, as the waste and
emissions from NORM industries are analysed on a universal scale.

The challenge is to accurately assess the amount of natural radionuclides
present in construction materials. These materials are often used to recycle
surplus and/or waste from other industries, which improves them and makes
them cheaper. During the recycling process, they also incorporate amounts of
natural radionuclides present in the waste. Construction and building materials
(Schroeyers, 2017) are now controlled by an 'index' —agreed by the scientific
community— and their calculation is standardised. The index is based on the
activity concentration of the natural radioactive elements they contain and is
reliable in terms of the doses they could produce in humans.

Cement, concrete and geopolymers (Puertas et al., 2022) incorporate
additives, pigments (Suarez-Navarro et al., 2019) and activators that may
contain high levels of natural radioactivity.

The insulation of buildings and constructions, using specific materials to
prevent radon gas from entering, must meet certain technical requirements,
and the insulating materials used must comply with certain characteristics,
which are currently being standardised (this is sometimes difficult due to the
economic interests involved).
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Cement and water are the most widely used materials in the world, which is
why their control has become globally important and their composition is also
verified at the

"radioactive" level.

Radon gas emanating from the subsoil has been determined and quantified
from caves of historical interest such as Altamira (Sainz et al., 2018) to Spanish
homes (Gutiérrez et al., 1988).

— Behaviour of materials used in large facilities: ITER and Proton Therapy,

due to the presence of nuclear particles or radiation.

In the past, knowledge of the behaviour of materials in the presence of
radiation and neutrons was essential for the development of nuclear power
plants and their associated facilities. In the 21st century, these studies continue,
with new problems arising due to the type of facilities currently being built or
those planned for the future. The logical consequence is to increase research
into the interactions of other particles (protons and electrons) with matter
under extreme temperature conditions. The qualitative and quantitative
evaluation of the isotopes generated in new materials by this type of nuclear
reaction is a challenge for radiochemists. Methods for determining the
activation elements in this type of material and their ability to form chemical
compounds are beginning to be understood and researched.

A special facility that will allow the behaviour of materials under these
extreme conditions to be studied is currently being built in Granada (IFMIF-
DONES),
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(Sanchez-Sanz, 2020), (Foro_Nuclear, 2022). The Fusion Department at CIEMAT
is collaborating on this project, as reactions will occur in future fusion power
plants between the materials constituting the walls of the fusion reactor and
the high-energy neutron flux generated in the plasma. These reactions must be
studied throughout the plant's lifetime.

The objective of the IFMIF-DONES project is to build a neutron source that
will enable the testing, validation and qualification of materials to be used in
future fusion power plants, such as DEMO (a demonstration fusion reactor
prototype). In IFMIF-DONES, an accelerator will produce a beam of high-energy
(40 MeV) and high-current (125 mA) deuterons, which will be focused onto a
layer of liquid lithium. The nuclear reactions in the lithium will generate a high
neutron flux that will strike the samples of the materials to be tested, under
conditions comparable to those of the wall of a fusion reactor.

This type of study had been initiated at the JEN, albeit for a different
purpose. At that time, research was being conducted into the behaviour of
liquid sodium (Na), which was a possible coolant for the latest generation (1V) of
CCNN fast nuclear reactors, in relation to fast neutrons and the corrosion that
liquid sodium itself could cause in materials.

When discussing the benefits of these new facilities, it seems that the term
"others" could include radiochemistry, as it will probably solve some of its
potential problems.

Proton therapy equipment for medical use also presents environmental
problems in its facilities. In some cases, procedures must be developed that are
suitable for
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the determination of isotopes originating in materials through neutron
activation. According to the Seville Society of Medical Physics (SAHR (Sociedad
Andaluza de Radiofisica Hospitalaria), 2021), as the accelerator in this type of
facility is an intense source of gamma and neutron radiation, the materials
between the beam production and its introduction into the patient treatment
room may be altered.

The energy moderator—used to vary the energy of the protons (in the case
of the cyclotron) between approximately 70 and 250 MeV—is usually made of
beryllium (Be) (an intense source of neutrons due to the reaction (Be+p—>n) for
energies below 120 MeV) and graphite for higher energies. Beryllium is an
intense source of neutrons in proton-neutron nuclear reactions. (p,n).

The new field opening up in radiochemistry is how to control the elements
produced by neutron activation in the air inside the accelerator bunker, which
are a source of internal radiation through inhalation:

a) tritium 3 H (1172 = 12.32 years; emission B~ 100%; 18.6 KeV)

b) carbon * (11, = 20.3 minutes; emission B* 100%; 960.2 KeV)

C) nitrogen 3 N (112 = 9.95 minutes; emission 3* 100%; 1.19 MeV)
d) oxygen 5 O (11/, = 2.04 minutes; emission 3* 100%; 1.73 MeV)and
e) argon *1 Ar (112 = 1.8 hours; emission B~ 100% 2.49 MeV)

Neutron activation of the water in the closed cooling circuit also occurs.
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The most worrying for environmental control—if a leak were to occur—
would be tritium, due to its decay period and its ability to interact with living
organisms and the environment (see Fig. D). As can be seen, tritium and its
chemistry, storage, separation and enrichment are taking on a fundamental role
in this century. A fascinating radiochemical objective, as it was in the mid-
twentieth century.

— Neutron patterns

The existence of neutron sources—in addition to requiring the use of
standards—should promote the study of neutron activation of the constituent
elements of materials, as well as its effect on living beings and the possibilities
of repairing the genetic and organic damage caused, investigated with the new
techniques applied in medicine, biochemistry and genetics.

Numerous radiochemical studies have been carried out in the past on
neutron activation and its dangers, but not in the light of new technologies and
procedures. This opens a new door to knowledge, not only for radiochemistry
but also for other disciplines within the field of Radiological Protection.

Chemistry and its specialities must be taken into account in the study of the
new problems that have arisen at the beginning of the 21st century (2025).
Private and public companies have professionals on their staff who have
contributed their experience in radiochemistry, and it is impossible to mention
them all in this historical summary. Their work and acquired knowledge can be
researched by consulting: the bibliography, national and international
publications, and presentations at conferences organised by Spanish societies:
SNE, SEPR-SFM, UNE, AENOR, European societies.
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(Eurochem, Mast, etc.) and international (ICRP, CEN, ISO, FAO, WHO, etc.).

The numerous scientific journals that give visibility to the field of
radiochemistry and can be consulted, some with open access to certain articles
and others by subscription or purchase of the article of interest, are listed
below: Journal of Environmental Radioactivity, International Journal of
Radiation Research, Applied Radiation and Isotopes, Journal of Radioanalytical
and Nuclear Chemistry, Radiation Physics and Chemistry, Journal of Radiation
Protection Research, Journal of Nuclear Materials, Radiation Protection
Dosimetry, Science of the Total Environment, etc. Technical journals are free
(not all of them) and downloadable: IAEA, ICRP, UNSCEAR, FAO, CIEMAT,
Vértices, SNE, Radioproteccidn, etc. Others, such as social networks, allow you
to locate and find out about publications related to this speciality of
radiochemistry.

This book is a tribute to the work, knowledge, struggle and advances
achieved by the many radiochemists around the world (particularly those in
Spain) who have contributed their grain of sand to this "disturbing" branch of
chemistry.
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Organisations, Acronyms and Abbreviations

AENOR Spanish Association for Standardisation and Certification

AMS-CNA: Accelerator Mass Spectrometer-National Accelerator Centre (Seville)

CANIGO: Canary Islands, Azores, Gibraltar Observations
CEN: European Committee for Standardisation

CIEMAT: Centre for Energy, Environmental and Technological Research. RAYVR
Environmental Radioactivity and Radiological Surveillance

CRESP: Coordinated Research and Environmental Surveillance Programme, relevant
to sea disposal of radioactive waste

CRSN: National Centre for Scientific Research
CSN: Nuclear Safety Council

ENEA: National Agency for New Technologies, Energy and Sustainable Economic
Development

Sustainable Economic Development

EuChemS: European Chemical Society RSEQ: Royal Spanish
of Chemistry, belonging to the European

FAO: Food and Agriculture Organisation (United Nations Organisation for Agriculture
and Food)

IAEA: International Atomic Energy Agency. INIS_Atomindex database

ICRP: International Commission on Radiological Protection

IEO: Spanish Institute of Oceanography

IFMIF-DONES: International Fusion Materials Irradiation Facility-Demo
Oriented Neutron Source (Granada)

IFREMER: French Research Institute for Exploitation of the Sea

NORM Industries: Naturally Occurring Radioactive Materials. Radioactive materials of
natural origin
IRSN: Institute for Radiation Protection and Nuclear Safety

ISO: International Organisation for Standardisation

London Dumping Convention: Convention on the Prevention of Marine Pollution by
Dumping of Wastes

(waste) and other materials (1972)
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Organisations, Acronyms and Abbreviations

MAST Ill: EU Marine Science and Technology Programme
NODSUMM: North-East Atlantic Dumping Site Survey Using Mapping and
Monitoring

OECD: Organisation for the Cooperation and the Development
Economic

SEPR-SFM: Spanish Society for Radiological Protection - Society of Medical Physics

SNE: Spanish Nuclear Society

UNE: Spanish Association for Standardisation

SPANISH UNIVERSITIES: Granada, Caceres, Badajoz, Oviedo, Santiago de
Compostela, Cantabria, La Corufia,

Basque Country, Barcelona, Valencia, Seville.

UNSCEAR: United Nations Scientific Committee on the Effects of

Atomic Radiation

WHO: World Health Organisation
)

Popular Science Magazines and Social Networks

RADIOPROTECCION: Journal of the Spanish Society for Radiological Protection
(https://www.sepr.es)

Social Networks: Facebook, LinkedIn, Google Scholar, Instagram, etc.

Revista Nuclear Espana: Journal of the Spanish Nuclear Society
(https://www.revistanuclear.es)

Vértices: Journal for popularisation of CIEMAT
(https://www.ciemat.es)

Others mentioned by acronym

p (proton), n (neutron)

w2 (half-life)

MeV (energy, electron volts)

Particles: a (alpha), B* (positron), B- (electron)
Radiation: y (gamma)
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Epilogue

Synopsis and reflections
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This book does not aim to provide a detailed description of the history of
radiochemistry in Spain, but rather an overview of how it has evolved from the
discovery of radioactivity to the present day. Radiochemistry—as a branch of
chemistry—has undergone periods of boom and decline in its teaching in
Spanish and international universities. This branch, which deals, among other
things, with the study of radioactive materials and their applications, has
undergone significant development in the country, influenced by global
discoveries, technological advances, CCNN accidents and medical applications.

The definition of what radiochemistry is and what it should study has been
the subject of numerous debates. The historical context of this speciality,
followed by a review of the different stages of its development in Spain, has
helped to clarify some of the diverse opinions about it. The first pioneers who,
at the beginning of the 20th century, began to explore radioactive phenomena
and their applications are highlighted. As the century progressed, some Spanish
chemists became radiochemists out of necessity as the nuclear industry
developed. Techniques for the analysis and separation of radionuclides were
unknown to the academic world at that time and were hardly taught in the
classrooms of national chemistry faculties.

This book also addresses the development of radiochemistry in the last
decades of the 20th century, with applications in nuclear energy, environmental
protection and medicine. The speciation of radionuclides during this period
represents a major challenge and advance in understanding their
environmental behaviour in various ecosystems. The harmonisation of
analytical procedures for the separation of radionuclides and measurement
methods at the international level
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is another major goal achieved through scientific cooperation between
countries.

Finally, in the 21st century, there is a widespread feeling among
radiochemists that their field of study is in decline, although there is hope for a
resurgence due to new applications and cutting-edge instrumental techniques.
Radiochemistry continues to be relevant in areas such as environmental
protection, radiopharmacy and the study of radionuclides as
"markers" of geological time.
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original text. This is why, in
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This section reproduces Tables 1 and 2 —
mentioned in the text—as well as figures A, B, C, and D.

Other figures (Figs. 1 to 7) —not referenced in the text— have been
added, corresponding to historical material selected from various periods.
These have been separated from the text so that they can be reproduced

in colour and in their entirety.
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radiochemistry) in the period from 1960 to 2022.
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Los Alamos (compendium of authors). NAS-NS-

3006. National Technical Information Service (NTIS). 1960.

Pages 2598.

Experimental Nuclear Chemistry

Gregory R.  Choppin. Ed.  Prentice-Hall.

1961. 226 pages.

Nuclear Chemistry

Eugene Eichler, G.  Davis O'Kelley.
Interscience Publishers. 1963. 202 pages.

Basic Concepts of Nuclear Chemistry

Ralph T. Overman. Reinhold Pub. Corp. 1963. 116
pages.

Chapter 18: Nuclear Chemistry

E. Broda. University of Vienna. 1963. pp. 335-365.

Nuclear Chemistry and its
Applications

M.  Haissinsky. Addison-Wesley Pub.
1964. 834 pages.

Co.

Nuclear Chemistry

Marc Lefort Van Nostrand. 1968. 531 pages.

Nuclear Chemistry

Leo Yaffe. Academic Press. 1968. Pages 409.

Principles of Radiochemistry

Herbert Alwyn, Cochrane McKay,
Butterworths. 1971. 550 pages.
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Authors. Publisher. Year. Pages
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pages.
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Gerhart Friedlander, Joseph W. Kennedy, Edward S.
Macias, Julian Malcolm Miller. John Wiley & Sons. 1981.
700 pages.

Radiochemistry

Cornelius Keller, Ellis Horwood. 1988. 208 pages.

Essentials of Nuclear Chemistry

Hari Jeevan Arnikar. New Age International. 1987.
1995. 343 pages.

Radiochemistry and Nuclear
Methods of Analysis

William D. Ehmann, Diane E. Vance. Ed. Wiley. 1991. 531
pages.

Nuclear Chemistry

Oldfich Navratil, E. Horwood.
1992. 389 pages.

Fundamentals of
Radiochemistry

Jean Pierre Adloff, Robert Guillaumont. CRC Press.
1993. 414 pages.

An Introduction to Nuclear
Chemistry

M. Satake. Discovery Publishing House. 1995. 232
pages.

Radiochemistry in Nuclear Power
Reactors

Lin, C. C. National Academy Press. 1996.
Pages 303
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Authors. Publisher. Year. Pages
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Fundamentals and Applications

Karl Heinrich Lieser. VCH
Verlagsgesellschaft. 1997. 475 pages.
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Walter D. Loveland, David J. Morrissey,
Glenn T. Seaborg. John Wiley & Sons. 2006. 707 pages.

Nuclear Chemistry

M. Sharon. CRC Press. 2009. 230 pages.

Nuclear Chemistry (New Axel N. Koskinen. Nova Science Publishers. 2009. 280
Research) pages.
Handbook of Nuclear Vértes, Attila; Nagy, Sandor; Klencsar, Zoltan;

Chemistry

Lovas, Rezso G.; Rosch, Frank.

2011. 3087 pages.

Springer.

Nuclear and Radiochemistry

Jozsef Konya, Noémi M Nagy. Elsevier Insights. 2012. 427
pages.

Nuclear and Radiochemistry. Fundamentals
and Applications

Jens-Volker Kratz, Karl Heinrich Lieser. John Wiley & Sons.
2013. 933 pages.
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Ekberg, Christian. Elsevier. 2013. 852 pages.
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Choithramani-Becerra, Sylvia. SNE. 2013. 160 pages

The Active Field of Nuclear and
Radiochemistry: Not Just Nuclear

Power

Walther, C. Angewandte Chemie — International
Edition. 2016. 55(32), 9102—-
9103.https://doi.org/10.1002/anie.2016040
45 ( rticle scientific German on the

importance of this science in its own right, not

associated with CCNN)
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Books

Authors. Publisher. Year. Pages
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Peter A C McPherson. World Scientific. 2017. Pages 272.

What exactly is the scope of nuclear
chemistry and its educational position
among other branches of chemistry?

Turan Unak. Ed. Scientific Research Publishing.
Advances in Chemical Engineering and Science, 2017, 7,
60-75. 15 pages.

Modern Nuclear Chemistry.

Second Edition (Issue June)

Loveland, W. D., Morrisey, D. J., & Seaborg, G. T. John
Wiley & Sons. 2017. Pages 739.

Introduction to Radiochemistry.

M. Jesus del Pilar Avila, Vanesa Calvino Casilda, Antonio

José Lopez . Peinado. UNED.2018. 299 pages.

An Introduction to Nuclear Chemistry

Victoria Calzada, Hugo Cerecetto. University of the
Republic of Uruguay. 2019. 118 pages.

Nuclear Chemistry

Sharon Sharon Madhuri.

Springer. 2021. 235 pages.

Maheshwar,

1 Books originally presented in Table 1 of the article: "What is exactly the Scope of Nuclear

Chemistry and its educational position between other chemistry branches" (Turan Unak),

which is cited in this Table 1.

2 nc. Pages not counted. Total 12 volumes.

-128 -




(c06T)

4O S1SISU0d ,uolielped eyd|e, 1ey3 sanosd pJoyiayiny ¢

(206T) wnipeJs :3wWi3 35414 BY3 JOJ JUBWIS[D DAI}OEOIpE

e Jo Aljuenb o1dodsoudew e 91e|0s| alN) *d pue sun) ‘A ¢ -
(206T—868T) "28ewep |eda130|01q sned pue spunodwod
[EJIWBYD 30348 UBD UO[IEIPBJ Iyl PIJBAOJSIP SI Y -
(od) wniuojod

JO swesdijiw QT 32eJ1xa 01 apu3d|qydnd jo sweiSo| 000V
(€06T) plpeIA Ul AliAndeOIpE. 03Ul Ya1easal | 4001 1 *(868T) AJ01SIY Ul POYISL [BIIWBYIOIPE 1511} 3Y) Suisn €061

N0 Alied 03 Jueus [efdl}jo Ue s34ndas ‘pLPBA JO ANsIOAUN | winipes pue wniuojod paianodsip 8N ‘Al pue aun) ‘d - —9681
93 1e SJIUBYIDIA [BDIWBYD JO 10SS3J04d ‘O]|13SeD ZOUNIA| °f - (506T—968T) ‘suleyd Aedap uj payul|
Ajlea1naua8 aJe jeyy swole JO uoljeWIOSUBRI} dY} SI Aeddp
aAIdeolpey ‘ApposS; ‘piojiayiny ‘|asanbiag ‘seyoos) -
(968T) ua3J2s JuadsaJsonyy e yanJ3s

uollelpes 3yl U3YM UOIIB||13UIDS BY} pue Jie JO UOIIes|uol
9y} :euswousayd oml y3noiyiy painsesaw Ssem uoljelped
9y ‘(AuAnoeolpeds) uollelpes wniuean sidA0dsIp [a4anboag -

-129-

Ansiwayodoiped jo JuawdojaA3p pue uoieald ay} 03 paInqiiuod 35u3I3s Jeajpnu pue Ansiwayd jo suonedijdde | (sieap)
1ey) sporiad awes asayy Sunnp uieds ui sauoisajiw Juesiusis pue Juawdo|aA3p 3y} pajqeua ey} Sauolsajiw Juediusis pouad

‘A13siway) ul saziud
|9QON pue AJsiwayd Jeajanu ul suswdo|aAp 03 P3| 3BY] 9IUSIIS JBI|INU U] SJUDAD |BI1M0ISIY YSiueds pue [eqo|d Jole|A 1z 3|qelL



916T |13un psnuiuod
J4oMm s1y1 ‘sadojos! Jo aanleu pue ul3lIo ay) 0jul YdJeasad pue
s9o3uelsqns aAlldeolped Jo Apnis syl suidaq (ST6T) AppoS o ¢

‘Aiysiwayd  oluediour ul
(£LT6T1-ST6T) (zolepeq)
OlJ9]SaUBJAl Ul S9J0 winipeJ Jo m:_mmwuoha 9y} Uo IO\

(€T6T) swsiuedio SulAl| J0 wsijogelsw ay3 pue Aisiwayd098

suoledldde

lun

yum g6l
pPaNuIIU0J S3IPN3S 3SaY | "$9553204d |EIIWBYD JO UOIIESIISIAUI
9yl ul sudeJy se sadolos Jo Apnis ayl suidaq AsansH 'O -
(0T6T ‘PHpEIA) Alisianiun
|BJ3U3) 3Y3 1B ALIAIIOEOIPEY JO 91NHISU| BY3 JO JUBWYSI[geIST -

(906T ‘pHpeIA) ANSIaAIUN [BIIUSD BY) JO SIIUBIDS JO

(eT6T) Uoisnyip sed Aq uoau jo sadolosi ayi saiesedas
Ay nae4 aya 1e paysijqeiss si Aiojesoqge Alianoeolpey ay| -

LT6T
uolsy ‘sadojosl jJo udlsixa ayl Suiwnsse Agq paulejdxs
9JE S31I3S SAIIOEOIPEI 3Y] PIJDAOISIP S| UOIIEIPEI JIWSO) -

—€06T

(z16T) Y BUISN $040qd
J0 Aujignios 9yl Suluiwislsp ‘SjusWd SJBJ} DAIIOEOIPE
J0 uonedjdde 3s4iy ayy ino Asied yiasueqd pue AyssansH -

(£06T) 492ued upys Jo4 wniped

guisn juswieaJ) 21Inadetayl 3s4ly SY} INO PaLLILD }IqUBIS -
Ansiwayodoiped jo JusawdojaA3p pue uoieald 3y} 03 paInqgiuod

1ey} spoliad awes 3say) Sunnp uieds ul ssuolsajiw Ad)

0UdIIs Jedjonu pue Assiwayd jo suonedidde

(saeap)
pue JuswdojaAsp ay3 pajgeus eyl sauosajiw Aa)|

pouad

-130-



(cze1)
,saueduelp Jo wnuads ayl ul ssneN3ay Jayip pue salJss,
:,A191005 |[eAoy ay3 jo suondesued] |ea1ydosojiyd, |eusnol uopuot
9yl ul s9|diynw jo Aisnodsip ayi saystignd uejee) |pniy -

(ve6T)
IS g¢ UODI|[IS WJOY ||IM ‘U0J}ISOd B JO UOISSIWD

9yl y3nouya ‘snuoydsoyd siy| ‘uosinau e pue d ,c snioydsoyd
9anpoud 0} |y ,. wniulwnie ayls o} s9pdied eydie Suisned
Ag AnAioeOIpEY |BIDII1IE JDAODSIP S1IND SUAJ| 4 PUB 101|Of 4 -

(€€6T) suoroeau |eaiwayd

ul S}9Ye 2d1dojos! Slesisuowsp Suaquaniy pue Asun -
(zeeT)

uadoupAy pinbl jo uonesodens ayl ysnouayil uSWYDIUD
21d030SI S} S9ASIYde pue  wWNRINSP  S4aA0dslp  Aaun -

(443
(auipaw) | —6T6T
(6T6T) AusJanuN [eJ3ua] 3y3 3e Aojesoqe] AlniRdeOIPRY | yopeipes Suisiuol 4o S199449 Byl UO ASojoIpeY JO SsaSU0)
93 40 J032341p Adesouoy se a1un) |\ Sunpujodde 92429Q |eAoy - [BUOIBUIBIU| PUODIS 3Y1 1€ (8Z6T) PAYSIGRIS SI (UOI3310Ud
|[ed1S0jolpeY UO  UOISSIWWOD |EUOIIBUJRIUI) d¥D|l Yl -
(8261—¥726T) YoJeasal [ealgojolq ul wniuojod
JUSW|S 9JkJ) IAIIDEOIPES BY) ISh S213eT pue sudessede] -
(6T6T) S49893u1 30BX3 30U BJE SBSSEW 2]d010S]
1BY3 SIDA0ISIP pue 1939wW04109ds ssew 1S4} Y3 Sp|ing uoisy -
H1+0 ¢ N y1+3H 5
Aiolesoge| ay3 ul SJUBWD|D [BIIWBYD JO UOIIBWIOSURI] -
Ansiwaydoiped o Juswdo|dAdp pue uoileasd ayj 03 paingliuod 0UdIIs Jedjonu pue Assiwayd jo suonedidde (saeap)

1ey} spoliad awes 3say) Sunnp uieds ul ssuolsajiw Ad)

pue juawdojanap ay} pajqeus ey} sauolsajiw Ay

pouad

-131-



(T¥6T) (PHPEIA) AMSIaAIUN [B43USD BY) JO SIUBWISE]
9y3 ul 3u1ssad0.4d 40 wniueun Joy Jue|d 10|id e Jo uolie|jeisu| -

(z6T) (*1E 19 1wia4) J010EB4 JBS|ONU |BD1}IUD ISl -

(ov6T) suodeam uesjanu pue A4sus aonpoud
0} |eipuazod 8yl YU\ suosinau isey Aq AJUO Mgz PUB Yloer
INQ ‘suoJinau Mojs AQ 3|qeUOISSI) SI Ngez 38YI PAIDAOISIP SI Y| -

‘(06T) (94895) a|qeuoissiy
0S| SI Ndgez 1BYL PIIBA0ISIP SI 3} pue ‘(Jyep pue ‘Apsuus))
‘100easg ‘uos|aqy ‘ue|iARING) wniuoinid pue wniunidau
:pal}iauapl pue padnpoJd aJe SJUSWI|D dlueInNSue} ISUlf YL -

(6€61-8€6T) (‘12 12 101|0r) SuISaq
J0}0B3J JE3|INU B JO UOI}DNJISUOD pue pajualed S| suoloeal
uleyo asayy wouy ASisus Suiuierqo jo Ayjigissod ayj -

(6E6T—8E6T) ‘(Ysli4 pue JaUlSIA|) SWOIE WNIUBIN JO UOISSIY
93 Se pajaudialul pue (UBWSSEJIS PUB UYBH,) SUOJIN3U YUM
wnjuein Supeipesi uodn pPaJanoasip ale s1onpold uoissly -

‘(42x2eSZI9 W\ pue aylag) uoisny
Jegpnu elA siels ul uolpnpoudd A3isus Joy |esodoud 3sui4 -

(S€6T) padojanap si sisAjeue UOIIBAIIOR UOJINAN -

(44"
—616T

-132-



(N3r) p1eog A34au3 Jespnp sy Jo Juswysijgelsy -

pieog (Mn pue 9561
Y24e3s9Yy J1WO03Y 3Y3 JO JudpIsad Sowod3q UOSIA °f [B43USD - USSN ‘YSN) uoiletauad A3d14303|3 404 S1030B3J JB3|dNU 1S4l - —-0S6T
sui8aqg Sujuiw wnjuedn oul YdJeasad pue u13oadsodd -
S|eJaulw aA130eOIpEd JO Suluiw 3y}
404 AJ011443) |eUOIIBU DJ1IUD BY) JO MeT-234090 AQ uOIleAISSY -
(221140 S 42ISIUIA BWILId 9Y] 01 (676T-916T)
Suiuodal) 37vd3 :pJeog youeasay d1woly 9yl Jo uswysiigeisy - | Suisal suodeam Jeajdnu pue SI0}0ead Jes(dnu 13IA0S 1S4 -
91N3135U| J92URD [RUOIIEN 3Y] 1B $2d030S| BAI1IBOIPE. BSN (9¥6T1) "(Aqqie) Dy; Suisn Sunieq -
0} sui3aq 033J4pOIA-2249d 4 "DISD dY1 1e Siseq |eruswiiadxa ue (sv6T 1sn3ny @) esedeN pue (Sy6T ISNSny 66T
uo awi 1s41) ay3 4o} sado1os! aAlldeolpel sasn aueAo] eoques - | 9) ewysodiH ul asn Aseyjiw sy Aq pamojjo4 ‘opsoSowe|y -vv61
JISD 9yy | 1e SyeT ul 1s91 Jedpnu 1s4i4 (‘|e 19 JowisyuaddQ) ASiaus
1e s21sAyd paljddy 404 uolIssiwwo) 3yl Ssiieyd sanaseAeN 043310 - | JO Siunowe snowJoud 3dnpoud 0} padojdAIp S| MNP Y -
(9v6T) INTY3IS dwedaq £GET Ul Yaiym ‘Agojolpey (psojueH-ysn) saiuiuenb jelisnpul Aq pamoj|o4
pue A30]04109|3 |ed1pa|A Jo A1a120S ysiueds ayi Jo Juswysijgeisy - | ‘luswa|d |eniylde ue Jo swedd 1S4y 9yl JO UOIPNpPOoId -
Ansiwaydoiped Jo Juswdo|dAdp pue uoileasd ayj 01 paingliuod 20UdIIs pue Aiasiwayd Jedjanu jo suonedijdde (saeap)
1ey} sporiad awes 3say} Suianp ujeds ul sauolsajiw Juedyiusis pue Jusawdo|aAap 3yl pajqeusd 1ey] sauolsajiw Ay pouad

-133-



paysi|gelsa aJe Uoj303301d uoneipey jo Juawiied
3yl pue sadojos)

°d

aAIpdeOIpRY JOo juswmedsq

6G6T Ul paiajdwo)
‘(vnd) 3ueld wniuein Jefppuy ayi jo usissp Aleujwijaid -

A3i3us ue3)dnu jo asn |nyadead
9y} uo sjuswaau3e ysiueds-sn “uieds ur NNDD € pjing 01 uoljualul
Sly s9ssaidxa (esouaq Jo Iuno)) YSINN Jo 3uspisaud ayjl -

A3ojoig [ewiuy
pue supIpa|\ pue ‘suonedlddy |eisnpul pue A3ojolg 1ue|d
‘S1030E3Y |Bl4ISNpU|, UO S991WWOD AJOSIAPE S3YsI|qe1sa NIf 3yl -

2J43ua)
A84au3 JesppnN |euoileN BOJIUOIA Y} JO UOIIINIISUOD JO LEIS -

sjuswaaJde adua)ap SN-ysiueds jo ujulis -

N3rayi 1e Jajem
Aneay pue 311ydes3 uo yoieasas uidaq 04910 1'f pue |enased ‘o -

S,N3ar |yl -
J019E3J |BIUSWIIBAXS UB O UOIIINJISUOI 3Y3 JOJ |BUOIIRUISIU]
214303|3 [BJBUSD YIIM MJOA MBN Ul JuswaJSe ue susis Y3y ayl -

(uemo) pue
S9UI9Y) SOUIIINBU JO SIUIISIXD Y3 pue s|japow saisAyd Jesjonn
‘saulewqns JesanN ‘quoq usagospAy sy Jo Juswdo|aA( -

9s61
—0S6T

-134-




N3r 3y1 1e ASoj0419|A uolielpey Suisiuo] jo Juswiiedaq
39Ul pue WwnJo4 d1wo3ly ysiueds ay3 Jo Juswysl|qeisy -

‘wnjuean
pue uaddod jo A1anodau ay3 4oy Aydeded s, \yN4 aY3 Ul aseasdu| -

(eqopu0)) eueuieq|y eauals ul
su139Q 91SeM IAI1IEOIPE. [9AS]-21IPSWISIUI PUB -MO]| JO 33el0lS -

(IWOL1vd04) wnuo4 s1woly ueadoin3 ay3 Jo uoneas) -

(V #-1suea ) a11jj93es e ul J0jelausd
214309[20WJ3Y} B SB PasN S| Ndge, 3d030SI wniuoinid y -

(oulinau uonwi) :sapd13ed Jjwolegns Mau Jo AIBA0dSIg -

961
—096T

T96T ul paileandneul ‘AjA1309dsad si010eau 1qJy pue soduy 3yl Jo
UOI30NJISUOI BY3 40} OBQ|Ig PUE BUO|32JEY JO SDIHSIDAIUN BYI YHM
Suol31e13089N ‘paredn3neul SI BO[DUOIAl Ul 9J3ud) UOSIA uenf ay] -

T-N3f ;4030834 Je3|anu 3sJl} S,uieds o A1jed1314d IS4l -

A1ajes Jeajpnp Jo Juswysijgelsy -

2|N2144N3 AJISISAIUN Ul papN|aul

aJe Sulaauidu3 JespnN pue saisAyd 4esjdnp Jo sypafgns ayy -

su18aq 403934 T-N3[ 9Y3 4O UOIIINJIISUO) -

payaune| st ‘N3r Aq paysijgnd “aesjony ejd4au3 jeuanof ayy -
LS6T

(suoriels Jamod JesjanN UJ3YlJoN) JOUS[INN JO JUSWYSI|e1sT -

sadojos| papodwi o uleds ul uoianquasip ayl suidaq NIr - -

(6S6T) Ulua7 BY) :duLEWIQNS JBI[INU UBISSNY 3SdIS -

(¥ssn MsuigeA;py)) Aujioey a3euo3s |any 1uads e je uoiso|dxa
ue pue ()N) 9|LISPUIA\ ‘Sease ulpunosins Uuo suolssnasadal
peaJdsapim  Yium  SJUSpIddE  JOJJBaS  JedPnu  3sdld -

0961
—LS6T

Ansiwaydoipe. jo Juawdo|anap pue uoneatd 3y} 0} paInguIuod
1eY3 spoisad awes 3say} Suiinp uieds ui sauolsajiw Ay

2JUdIds Jedjonu pue Assiwayd jo suonedijdde

pue Juawdo|aA3p 3y} Pajgeus 1.y} sau0ISa|Iw Ad)

(s1eap)
poliad

-135-



e3s 9y} oul
9UO pue punoJg ayl 0} |94 SqUIOQ JeajdonuoWJay3} 334y} ‘uoiresado
Sunangas ySiy-ul ue Suung (996T) IUSBPIDOE  SBJEWO|R -

N3ray1 e N ¢; 9dojosi usagouiiu ajgels ay3 Jo uoidnpold Jo uels -

Jun uoneipey
9peAeN 8yl J009-0D) ¢s-HEGOD JO 13 €' JO uledS ul [eALUY -

Salpnis
JeappnN JO 2InMIsU| 3Y} Jo 1uswysligqeisy 1y A8iau3 Jespny -

(sadoi0os| aAnoeolipey
40} 243U [B21UY231) YIL3D JO (Z96T) BUO|SIIRG UI JUSWYSI|GRIS]T -

eyoleo
3p elIe|Al BIUBS puE B}1JOZ 1B Suollels Jamod Jeajanu ayi pjing o1
uolleslioyine 1o} pue (£96T Ul paia|dwod) Jojoeal [eyuawadxa
158} VYOI 9yl Jo uoneasd ayl Joj spew s |esodosd v -

92IA3p
Jespnu e jo aunjdejnuew 3|qissod ayl uo Apnis e ino Aiied o3
(92404 41y 9Y3 ul |eJBUID Jofe|\ pue J93uISuT) SpJeIDA OWIS|IND
UoISSILIWOD NIf 3Y} pue Jeis [eldauan ayl (€96T) 33[0id 043]S| -

S9111|e129ds s Jo auo se Aslsiwaydolped
8uisiu8ooas Aq auniny |yy ul 3jos jueayudis e Aed o3
uo 08 p|nom 3| *(sa132120S [ea1way) ueadonl Jo uolleIapa4)
S$D34 sweu a3yl Japun pajesado Aisnoinsud Suiney ‘(0L6T)
paysiigeiss si (A1apos Asisiway) ueadodni) swayoni ayj -

(€96T) Sunisel suodeam Jes|dnu dliydsowie uo ueg -

L6t
—€96T

Ansiwaydoipeu jo JuswdojaAap pue uoieald 3yl 01 paIngLIIU0d
1ey3 sporiad awes asayl Sulanp uieds ui sauolsajiw Ad))

0UdI3S Jed|dnu pue Aiasiwayd jo suonedijdde
pue juswdo|anap 3yl pajqeus 1ey) sauolsajiw Ady

(s1eap)
poliad

-136-



suoljej|eisu| a2Alloeolpey pue Jea|dnN uo mco_um_zwwx .

paysi|qeiss sI ySNNT -

Ajj19e) S310 9y1 wouy Sunneuidio ‘NIr ay3 4o waisAs a3eulelp
[BUJDIX® BY3 01U! ((4S) gg-wniuons PUB (SD) ser-wnisses) SPINDI| 3A110BOIPEY
4O saJll| Q0€E 4O ||Ids [eauapIddY :(0LET) IuUspIdde Ysiueds 1sild -

(N3r) s10310e34 358 40J 2IN2JID (BN) WNIPOS 3Y] JO UOIIINIISUO) -
uleds wouy ainyedsp s,NYID -

(896T) uoness
Jamod Je3[onu e}40Z Y3 pUe 1033eal TYHOD Y3 40 A3ijed1ud 3sald -

(eAjanH) Asasnpul
p1oe ouoydsoyd pue ajeydsoyd syl wouy 91sem 3401S 0} 01ul] o1y

2y} uo muO_Q JOo CO_HGQJUUO 9y} JOJ SUOISS22U0d SAljeJ]SIulupy -

| N3r wodj sjany pajelpeddi sy
3y3 Jo Suissad0.d [|32 10y pue J030eal || NIf Y} 40 AN[eDIHID 3SdlS -

986T [13UN pPanuj3uod pue 996T Ul (elawW|Y)
eaJe saJewol|ed 9yl ul ue3aq 123foid siyl 193(0dd OTVANI -

*dUlW 340 wnjuedn
e Ul UOISSI} winjueJan |eJnleu o 92uUapIAg ‘(Z/6T) uoges ‘oo
Ul J03DBDJ JB3|DNU JUIIDUE UB JSAOISIP SISIFUSIDS Youdud -

(24n314 99s) saurdidsip 4ay3o 3ssuowe ‘Asxsiwaydolpel
J0 woddns syy Suuinbas  pRY  Adeundidsipinw
v ‘A3ojods0ipes jo juswdo|dASp By} 03} paiedIpap
uojlesiuedio 2di3usIds yjosd-uou ‘|eanyijod-uou e paJe|dsp
‘(0£6T) papunoy st ABojodaoipey JO uolun |euoljeudaiul ayj -

L6t
—€96T

-137-




s|exdsoH

Ul S9JIAJS UOII930.4d |eoIS0joIpeY JO JuaWYsSI|ge1sT -
su18aq Jo3oeay T-N3r 2y3 4o Suljpuewsiq -

NY3D 03 uiniay -

Sunsaul8u3 jelasnpul

JO [00Y2S 3Yy3 1B UOISn4 JO 93N3IISU| Y3 JO JUSBWYSI|geIST -

.(S911s |esodsip sulew) eas je padwnp 31Sem aA13e0Ipel
J0j swweu30.4d SulIOHUOIA |ed130|0IpeY |EIUBWUOIIAUT

UE JO UOI1B3JD 3Y} PUE YdJeaSaJ pPaleulpioo),, :Sem aA13d3[qo
S} "T86T Ul paysl|gelsa sem dnot9 @D3I0-dSIHD dYL -

9861
—186T

(senndaq jo

SUOWWO) O 3SNOH dY3 0} WY} uo syiodal

pue s3nsaJ 8yl uo syodaJ ayy sanssi NSD 3yl ‘me| Agq palinbai aJe
(VYAd) sue|d Suli0)uo|A |ed13ojolpey |elusawuoliAug s,NNJD 3yl -
(086T ‘uoda104d uolielpey J0o) A12120S ysiueds)

4d3S 2y} jo uoielodiodul pue (086T) NSD dY3 JO Juswysi|gessy -
J030e3J |-NIf Y3 4o Sujuoissiwwoda( -

suollels Jamod Jea|dnu [1gqed |3 pUe Of|ld] ‘S91UdIJ0D) ‘| ZeJew Y ‘||
SO||9PUBA ‘|| 02SY “00SY Y3 JO UOIIINIISUOD 3y} JOJ UOIIBSIIOYINY -
N3rayrAgq

8G6T 2uls JusawdojaAap Japun usaqg pey yaiym ‘(N1aNd) yo4easay
pue uoneisojdx3 ‘Buipoadsold wniuesn Joj ue|d |euone -
(86T ul papuadsns)

|| pue | ZzZlUOW?S] JO UOIPNJISUOD 3Y} JO} uoneSUoYINY -
(7£6T) A33100S JB3ONN Ysiueds ay3 Jo Juawysl|qelsy -

9|ge109139p sem leyl
SUOU 1SEed| J¥ "UOIIBUIWEIUOD |EIUSWUOIIAUD OU SeM U3y
"(6£6T) MN2412 Atepuodas s,jue|d ay3 ul ainjie) e 03 anp pajLaw
Ajje1naed 2102 s3] “4030e34 J91eMm paslInssald e SulajoAul (YSN)
uol1elS J9MOd Je3[dONN Pue|S| S[IN 934yl 3y} 1B JUSpIIY -

0861
—€L6T

Ansiwaydoipeu jo JuswdojaAap pue uoieald 3yl 01 paIngLIIU0d
1ey} sporiad awes asay) Sulanp uieds ul sau01sa|iw Juedyiusis

0UdI3S Jed|dnu pue Aiasiwayd jo suonedijdde

pue Juawdo|aA3p 3y} Pajgeus 1.y} sau0ISa|Iw Ad)

(s1eap)
poliad

-138-



UOI1231Ip PUIM 01 3Np S, ¢; PR1I313P (BlIBWI|Y) SaJewo|ed ul S66T
pa1ed0| suadwes J1y “sy4omiau 3ulioyiuow ueadouni Aq juapiooe (¥66T ‘So113UN0D Gt7) BBS -/861
SIy} Jo uondalLRg ‘(686T) ZIPED ‘SD,er 4O 924n0S e Jujuleyuod je Suidwnp |el3snpul pue SA1}JEOIpES UO Ue( [BUOIIBUIBU -

[eow  desds jo Suidw 9yl SUIAJOAUl ‘JUSPIIJE  XOULISDY -
jue|d wnjuean
Jefnpuy 8yl 1e J4om 3SuluoIssSiwwodap a3yl jo uons|dwo) -
panoudde s| 91sem aAlloeO0Ipe. 404 ue|d [esauad Ay -
3J€1s pue ssil|ioey
Suljpuewsip pue saARda[qo @Y SulAjipow Ag yJom
s1 suidaq pue (986T) LVINIID 01 wAuouoe sy sadueys NIf 9yl -
Jo)oeau uoisny
[I-fL ysiueds ay1 jo udisap |enidaduod ay3y sanoidde NOLYHNT -
suolelsado
suidaq (eouewe|es) opeqznf ul Aiojoe) Juawald 9N BYJ -
elUO|e1e) JO 1UBWUIDAOD 3Y3) 0] paJJajsuedy
9Je ‘podsueJ) Jeajpnu JO |0J1UOD dY} pue S3l|Ide} dAIRDeOIpel
10 uodadsul 3y ‘(uoissiwwo) A1ajes Jesjdnp |euoileN) NNDJD 3y}
40 (Aouady uonoajoud uoielpey pue Adjes dliqnd) VYAd dYl -
86T Ul P930BUS SEM WNII0}BIOW JE3JINU Y - 9861
(spueys| Ateued 1n0||e4 9A13OEOIpE AQ ‘S3143UNOJ JuelSIp pue Sulinoqysdisu -T86T

-eI2I|eD) YouaJ] d11Ue|ly 3y} JESU SEJE Ul ,INO||B} DAI}OEO|pEl, O}
9|qeINQI411e B1OIC PUB SIUBWIPSS ‘491BMESS Ul (SD,¢r) WNISSED pUB
(Ndgpzieez) Wniuoinid uo eiep 1sui4 ‘Aojoa9 pue AydeisSouesdQ
[eaisAud Jo p|aly 9y ul (z86T) dnoud dS3YD ayi ul uoieddipied -

3ulpn|oul ‘seaue 1seA JO uolleulweluo) *(¥SSN) autenn
‘JeAduid ul (986T) ¥ Hun [Aqousay) 1e a4y pue uolso|dxd -

-139-



SO||9pue/ pue 02sy Jo seale 3ulinoqysiau ay3 ul saijedpiunw
U3 JO dAI3e1IUI BY3 Uo ‘(euoSesle]) dwe) |9p S10Y JUOIA Ul 886T
ul paysiigelss sem sallljioe} mMmLOHm 9]1SeM aAlloeolped pue suoljels
Jamod Jeajonu yiim seade Ul saljluoyine |30 JO uoljeldosse ay] -
(S66T) 10MIaN VHIINTY dY3 sulol (ouswoy 1) LVINFID -

suolinyiasul ueadouny Jayio
apissuole ‘(0asen ") 1VINIID pue (ezage)-zaydues "y'r) euojadieg
Jo Ausianlun a3yl spnpul sjuedpdilied  JUSWUOJIAUS  duliew
9Y3 Ul S3apIjanuoIpes JaYlo pue (sanSojeue) sjuswa|d dluednsued
JO Jodsuesy pue Jnoireyaq oyl Sujuianog swsjueydaw dy3
uo (g suoiniiasul ueadouny 49yio apisduole (1saAed] °y) LVINIID
pue (uga-ejJien "yY) 3|[INSS 40 AlSIaAIUN 3Y3 apn|dul syuedidilied
'SalIIsnpul  Jegppnu-uou  Aq  pajUwWL  Sapljpnuolpes  |ednieu
J0 shemyaied Jagsuedl ayl uo (e :((y66T—266T) S103lodd NOLYHNT -

uolleulweluod [edo| ul 3uiynsaJ (686T)
9J1} B 0} anp uollels Jamod Jeajanu SO|[dPUB/ By} 3B JUIPIDY -

91ediued ‘NS 9yl Aq papuny ‘S241U32 Ydueasad pue Sal}ISIaAIUN
ysiueds (T66T) (V3Y) SUOIEIS DljRWOINY JO JIOMIDN B pue
(IN3¥) suoneis Suidwes jJo JJOMISN B YHAA “uolielpes 3ulisiuol
01 ainsodxa s,uonejndod syl Jouuow 01 (VYIAIY) MIOMISN
DUB|[I9AINS |ed130|0IpeY |BIUSWUOJIAUT U S3YSI|ge1sd NSD 9yl
*(£86T) 4918M UI AllAIDEOIPES JO SUlIOlUOW INO Saled X3gld -

1UBWUOJIAUD 31 JO Sulioluow
|[eai8ojolpes 9yl ul yJom Adusadisws pue duinod Jidy:
JOJ 3sSn S91e1S JIqWISIA YdIYym ‘elolq pue pooj ‘uoljeladen
‘QJUawWIpas ‘|10S ‘4a1em ‘Jje Jo sajdwes ul Juasaid sapipnuolped
JO uonediyiauenb paylusA pue uolediIuspl d|qelss apiaosd
0] swie AjIAIl0eoIpeY |[BJUSWUOJIAUT JO JUSWSINSE|A Y} JO)
sallolesoqge] |ednAjeuy Jo yJomiau |eqo|d siyl ‘AyAnioeolpel
[EIUSWUOIIAUD d4nseaw AjgeljaJ 03 saAlrelul [eqo|d syuoddns
UaIYm ‘(S66T) HIOMIDN VHINTY 3Yl Jo judwysijgersy -

(£s6T
Ul dWOoY Ul pPaysi|geIss Uuol1ePOoSSy) swweddold Suluied)|
pue yoJeasay NOLVYNI 3y} Japun s3oafosd ueadouny -

S66T
—L86T

-140-



saindag

40 ss243u0) ay3 03 sodad pue syiodald 9y3 SaNsSI NSD dYL “Me|

Aq Atojepuew pasapisuod ade SNND 9yl wouy suodad YA Yl -
(LvNEID)

dnou8 Asisiwaydoipey poaieasd Ajmau Byl ul SAIRIUSSDIdRY
'ssauduo)y  Ansiwayd ueadouni,dYl Ul uonedpiued -
eaJe 3ulpunoJins a3 01Ul pasea|dJ 949M s3|d1xed

10y :(8007—/00¢) uoiiels Jamod Jespnu 9ISy ay3 3e JUdPIY -
(Gz0z) Aep 3uasaid ay3 03 sanuiuod syl *(NSI-LVINIID

-dN) uoneulpJo0d pue suosiedwodaiu] ‘eqn) pue |eSniiod

SJ030EB3Y JE3|INN PUB ‘Sanbjuyda ] paie|ay pue JesdnN
‘uonndaloldd uonelpey  ‘Aisiwaydoan pue ASojodsoipey
‘Ainsiway)  [eonnasewueydoipey  ‘Adasiway)  JespnpN
ul uoizeanp3 ‘Asisiway) [eanAjeueoipey ‘Asisiway) uolleipey
‘Ansiwayoolpey :Aujedads sy ulyum  soidol  Suimol|oy
3y} sasiugodas 3 ‘A121d0s siyy ulyum dnous e pawoj pue
Ansiway) ulyum Alljerdads e se papnjoul sem Adisiwaydolipey

‘esoyelel\ B ‘BSI09D ‘X3pa) ‘Sa|eIusIqUIY Sepipay ‘seonees | PWR  ISi4 ®uyr Jod 900z ur  (AsedunH) 3sedepng
‘Oopeqznf ‘ssilsisAlUN Gz apnjpul suonesiuesio Sunedpiueq | Y ssaJ3uo) ueadouni 1suly sU PRY SNIHONI “(0L6T) 1102
'NSD @Y1 Aq pa1euIpiood ‘AJoilital ysiueds ayy ssoude sysomiau | SWSUINI psuonusw Alsnoinaid ayy wouy panuap ‘SINFHIN3 —S66T
Sunojuow [e21S0[0Ipe) [E3UBWUOIIAUS ysiueds jo @oudysixg . | WAUOOR Byl Aq umouy (y00z) mou uonesiuedio sy -
32404 Ul AjJUa.1und s ueld siyl *(0T02—=900¢) 3UsWUI3A0D)
9yr Aq panoisdde S1sep\ dAIDEOIpRY JO) UB|d |BJBURD A -
saI|10ey (TTOC) 1Weuns) aAlssew e Aq paSewep
DAI10EOIPEI SBUIRP JaqWadad € JO 666T/9E8T 994230 |eAoy - Aj2sanss pue onis si (ueder) ddN ewilysnind ayl -
y3|eaY UBWINY PUB SIUBWUOIIAUS
SULBW pUB BULBALL 8yl Pa1aye Syl -ojull  JSAlY Byl
03Ul (S3pIPNUOIPE. [BANRU SUIPN|DUL) SIJURISANS JIX0) JOYI0 pue
s|elsw AAeay ‘4a1em 2IpIde JO SaJ19W 21gNd 000‘0S dwos 3ul|ids
1sanq spuod wnsdASoydsoyd seuaqiua4 Jo SuUO ‘86T U| -
Anrsiwaydoipe. jo Juawdo|anap pue uoeald ay} 0} panqgLIUod 22ua1ds Jeajonu pue Assiwayd jo suonedidde | (sieap)

ey} spoisad awes asayy Sunnp uieds ui sauoisajiw Ay

pue Juawdo|aA3p 3y} Pajgeus 1.y} sau0ISa|Iw Ad)

pouad

-141-



euo|a2.eg jo AJIsIaAlUN 3yl pue Ajuno) anbseg ayi jo Alsiaaiun
3y3 :JoM1aN 40Y Y3 paulof aAey salioleloge| ysiueds Jaypn -

900|3 9y} SSOJOE UOI}EUIWEIUOD

9AIp0eOIpe)  |eljualod  Jo  SISAjeue  pue  uO0133IBP Y}
BuipJe3as a3pajmouy JO jusWdUBAPE pue Apnis ‘uoliepljea
9yl Joj ?3|gisuodsas sSuollBU (QF WOJ) S31I0IEJOCR| H6T
JO 3J0MIBU e Sjuadsasdal mou (gz0oz 3IsnSny) YHINTY -

T4174
—8T0¢

LVIAIFID 1B P3[|eIsul 924N0S UOJIN_U J)ycr -

uonels Jjamod
Jeajonu e}lioz eJaige) 9SOf 3y} JO SuluoISSILIWO0I3P BY3 JO Ee)S -

uJ32u02 Jo 313w
B Sawo023q AlAI0E UBWNY O] SNP 1USWUOIIAUS 3yl Ul S1UBWSI|d
9AIDeOIpe)  SulNd20  Ajjednieu  JO  uONBJIULDUOD  |enualod
9yl ‘(¢T0Z7) 2d2e(dy40M By} Ul |0JIUOD uOpes JO) pue (ZT0Z)
salIsNpul NYON Joj sauljapingd 1suiy ay3 saysiignd NSO 8yl -

(7T0T) Y1omiaN 0¥ ay1 sulof 1VINFID -

J40Mi1au
uol323313p opljPnuolpes aAlNsuas Alysiy siyr Aq pa3joL1ap
os|e (lygr) @sn |ednnadsewueyd Joj sadojosi jo uondnpoud
9yl ul SjuapIddy ‘(uidlo pajelas-suodeam) juapldde Jespnu
paJepapun ‘a4aydsowie syl Ul NYqy; 40 ddU3saJd 3y} s3109313p
‘S91IUNOD  |eJaAls Bulsidwod ‘(N3J) J4O0MISN 4OY 9yl -

(NSYI ‘uosselAl JSINO—TOT) PaYs!|qelsa si ,AliAioe0lpeY
auJoqJly SulJO}UOIA JOj MJOMISN Suonels Asaing aded)
uesadoin3y ayl, ‘uoneosse ,ASojods0Ipey, SYir UIYHUM -

L10C
—¢10¢

Ansiwaydoipeu jo JuswdojaAap pue uoieald 3yl 01 paIngLIIU0d
1ey3 sporiad awes asayl Sulanp uieds ui sauolsajiw Ad))

0UdI3S Jed|dnu pue Aiasiwayd jo suonedijdde

pue Juawdo|aA3p 3y} Pajgeus 1.y} sau0ISa|Iw Ad)

(s1eap)
poliad

-142-



109foud
ININNSAON 3yl ul euodis jo Ajsianlun 3yl jo uonedpijed -

92J404 ul Aj3ua.4nd si ‘9oz ul panosdde ‘Ueld Y19 9y "JUSWUISA0D
9y} Aq panoidde 331sep\ DAI0BOIPEY JOJ UB|d |B4BUID YSIUNT -

uonels
1Mo Je3|an|N B1JOZ 3y} JO 24NSOjd pue SuluoISSIWWOoIap |e10] -

‘Suidwnp yans uo ueq syl 03 Jolud padwnp aJ9M SIauUleIu0d
91SeM 3AI10BOIPEJ BJ3YM Yduald] d1lUe|ly 3yl Jo eale syl ul
(e101g pue jJuswipas ‘4arem) sajdwes 3uiyel pue AlAndeolped
10241p 3unnseaw ‘pagess syl jo dew odinsijeas e 3unesud
JO wie ay1 yum paydsune| 3ulaq si 193[oud ININNSAON dYL -

uol3onpoud
AS4aus Joy 1eBY D3JI3UT 03 UOISSIY JedaNu SulsliIn :SI1030edY

uole|jeisul
Joj ays e 03 Hun 3j8uls e se payodsuesy pue Aloloe} e ul
pajquwiasse ag 03 syuauodwod pue swaisAs Suimol|e 1e[npojA

Joyoeas Jamod Jeapnu
[EBUOIIUBAUOD B JO 3zIS 3y} JO uoidely e Ajeaishyd :jlews

:3Je ‘SUOISSIWD U0QJed MO| Yim A31014393]3 JO sjunowe 38ie|
9onpoud ued Yaiym ‘sy|AIS ‘s1010eas Jamod Jeajaonu [euoiiipesy
Jo Aypeded uoijesaua8 ay3 jo pdiyy e punose Suiuasasdal
‘Hun Jad (3)MIN 00€ 03 dn jo Ayoeded uamod e yum sioloeal
Jes[dnu padueApe dJe (SYNS) S4030BaJ4 JEjnpow |[Bws -

T4 174
—810¢

-143-



'92U312$ JO saYdueIq J3Y30 pue sdisAydoas ‘ASojoseydue ul saipnis Joj Suilep Ul D,y 4O 3SN BY1 10 096T Ul AJISILBYD Ul 32ZId [9GON ¢ "SIUBW|S dlueinsues}
9yl Jo ASIWBYD Y3 Ul SIIIAA0ISIP SIY Joj TSET Ul AJisiwayd ul 9ziid [9GON g ‘19|anu AAeay JO uOIsSly 3yl JOo AISA0ISIP Byl JO) pp6T AJISIWBYD Ul 3Zlid [9QON , "SIUBWI|D
SAI10BOIPES MBU JO SIS9YIUAS 3Y) JO UoIUS023s Ul SEET A4ISIWBYD Ul 9Zlid [9GON 4 °S9d010S| JO ainjeu pue ulSIIo Syl 0JUl YoJeasal pue SIUBISGNS SAIIBOIPES JO SIIpNIS
104 TZ6T Ul ANISIWBYD Ul 92Zlud [9GON ¢ "S955920.d |BIIWLYD JO UOIIBSIISSAUI BY) Ul SI9JeJ) Se S9d0)0S| JO SAIPNIS JO) EFET Ul AJISIWSYD Ul 3ZIid [9QON 4 "S92UBISNS SAI}DEOIPEI
40 AJISIWBYD By} pue SIUSWSJS JO UO[IBISSIUISIP BY} OIUl UYIJeasal SIy Joj 06T Ul AJISIWSYD Ul dzlid [SQON ¢ SIUSWS|S 353y} JO spunodwod pue ainjeu ayy jo Apnis ayy
pue wnjuojod pue wnipeJ Jo AJISA0ISIP 3Y3 40J TTET Ul AJISIWBYD Ul 9Zlid [9GON 7 *SIIUBISANS SAI}DEOIPES JO AJISILBYD BY3} O} SUOIINGLIIUOD J0) TZET Ul AJISIwaY) Ul 3zlid [9QON ;

‘suoliels Jamod uoisny sespnu pue usdolpAy

u9343 1leme 9\ ‘d|geuleisns 40w PaJIPISU0I 3ulaq S| SI010EIJ Je3dNU JO 3SN Y} pue ‘924nos ABuaus 99.)-sed-asnoyuaaud se0t
e se papsedas aq o1 3utuuidaq si ASiousa Jeapnu ‘@douni ul pue SPIMpPJIOM $24n0S ASISud SAIlEUIRYE JO IS BY3 d1dsag —£z0z
*(uo124302 Aseyjiw Jo suodeam se pasn ase suodeapp JespnN) ASiau3 Jespny
3uluelgo jo suaduep ayl moy Jo adeaspue| ay3 sa8ueyd —auledyn Ul paJejdap— 101jjuod pawle ay| ceoe
'siedA may e ulyum Aj19)dwod Jamod Jeajdnu Ino aseyd 03 saplaap Auewssn 110C
‘(LdN) suodeapn JedjanN JO UOI1eI341|04d-UON Y3 uo Ajeau] ayl paudis aaey sa141unod Oy T 166T
'$91e1s uodeam-1ea[dNu-uou Ul |elu91ewW Jes[dNuU JOHUOW 03 WlsAs spiendajes e 4oy a|qisuodsad SI yIy| Syl .61
"(0£6T-696T) 02]0j218]L
40 A1eau] ayl yum suodeam Je3jonu paduUNoU eILIBWY Ulle] /86T Ul M paudis uleds ‘aAieul 8961
siy3 utof (SOMNN) suodeam ued|anu ssassod Jou op 1eyl sa1eis Alojeusdis Jaylo O pue (SOMN) s91e1s uodeam-ieadn (SN ayl pue
MN Y1 ‘YSSN Y1) ,s1uswusanogd Aserisodap 2a4yi, ayl Ag pausis st (1dN) suodeapn JedjanN JO uollesa)l|odd-UoN 9y uo Aieau) ayj
*191eMJapun pue ‘@2eds 491no u| ‘aiaydsowie ay3 ul Su13sal Jeajpnu siqiyosd Alead) ueg 1s3] |elled syl €961
‘BUUBIA Ul paseq ‘(Y3vI1) Adua8y AS1au3 a1woly [euolleUIRIU| BY] JO JUBWYSI|qels] LS6T
NOL1v4N3 cS6T

J0 uo1eaI) (YYIDSNN) UOIIBIPEY JIWO03Y JO S199}43 SY3 UO 991WWOY) D1J1IUSIIS SUOIIEN PaluN 3Y3 4O JUSWYSI|qels]

(Anasiwiayooiped) 23uaids |ediwayd oy suonedijdwi yum ASi1aus Jeajponu pue uoijeipes 01 Suijejal Sanssi |euoljeulalu|

-144-



	Insertar desde: "Portada_New_26_GB.pdf"
	Slide1


