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Abstract:

One of the tasks assigned to the Spanish Regulatory Body in radiation protection (Nuclear Safety
Council, CSN) is to inform to the citizens in relation with topics in the area of its responsibility.

One way to inform to the society about the uses of ionizing radiation, the risks and the measures of
protection to apply is through the education system. The CSN has signed an agreement with the
Education and Science Ministry (MEC), related to the knowledge transfer concerning the field of
ionizing radiation. In the framework of that agreement, it has been carried out an updated of a document
published by the Directorate General XI (environment, Nuclear safety and radiation protection) of the
European Commission, entitled "radiation and radiation protection: course for primary and secondary
schools".

A general objective for the teaching guide for primary schools is to stimulate student’s interest in the
physical phenomena that reveal the existence of radiation in daily life, as well as to introduce the
different types of radiation (ionizing and non ionizing) from both natural and man-made sources. These
issues are explained in a very intuitive and general way, due to the fact that pupils of this age have not yet
studied the internal composition of matter.

The teaching guide for secondary schools is more ambitious, its general objectives are wider, and try to
explain the origin, the types of radiations, their characteristics, instruments for detecting and measuring
them, biological effects of radiation on the human body, measures for radiation protection, and its
implementation in medicine, industry, research and security.

The objective is to contribute to the knowledge and to help the teachers to transmit it in the classrooms.
Only from this position we will form a responsible citizenship, capable of facing a critical attitude the
scientific advances in general and the world of the radiations especially
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1.- Introduction

The aim of these didactic guidelines is to offer a document to primary and secondary education
teachers to introduce the students in the uses and applications of ionizing radiation.

The knowledge is a key factor in our lives and this knowledge is absolutely necessary to
manage the ionizing radiations.

Then, information and communication is necessary. We want to be a support to people
entrusted to transmit it in the classrooms, so teachers must have an adequate knowledge in
radiological protection.

Only from this position we will form a responsible citizenship, capable of facing a critical
attitude in front of the scientific progress in general and especially, the radiations.

The CSN has established an agreement with the Education and Science Ministry (MEC),
related to the knowledge transfer concerning the field of ionizing radiation. In the framework
of that agreement, it has been carried out an update of a document published by the Directorate
General XI (environment, Nuclear safety and radiation protection) of the European
Commission, entitled "Radiation and radiation protection: course for primary and secondary
schools".



Due to the time elapsed since the edition of the above-mentioned document and, to update it to
the current educational system in Spain, it was necessary to develop two new documents. A
teaching guide for primary schools was issued (aimed at students between 6 and 12 years old)
and a teaching guide for secondary schools (high school and vocational training), for students
aged 12 to 18 years old.

lonizing and non ionizing radiation are quite complex and abstract topics, and specially to
explain them to younger students, so it is a question of cross-cutting matter to teach if the
teachers consider it adequate.

2.- Guidelines structures:
Contents including in both guides are divided by levels according the ages to the pupils:

e Three levels in primary guideline
e Two levels in secondary guideline

Both of them have a “spiral program”, that means that different topics reappear in every level
increasing in difficult. Both guides are independent though complementary.

The aim is to provide teachers the tutorial material needed to explain radiological protection to
students and to include it in the curricular syllabus, if it is appropriate or adequate, as in our
education system, this item is not included within the mandatory education.

The ultimate goal of these guidelines is to inform the society of different applications of
ionizing radiation in different fields taking into account issues and concerns, like: medicine,
agriculture, industry, research, security, electric power generation through the use of nuclear
energy and the protection against the hazards of ionizing radiation

These guides have developed de following topics:

o Physical subjects underlying the applications, such as: radiation, ionizing radiation, the
types of ionizing radiation or the phenomena of interaction of radiation with matter.

e Topics related to radiological protection: The fundamental principles on which an
appropriate radiological protection can be based (justification, optimization, and the
application of dose limits) and health effects of ionizing radiation.

o Topics related to the different International organizations and national authorities
responsible for radiological protection, their publications and recommendations.

The working group involves in this task was composed by:

e CSN technical staff (from the Technical Direction in Radiation Protection).

e Teachers from secondary education proposed by the Ministry of Education, to make the
pedagogical adaptation of texts.

e CSN Staff from the publications and information department as a support for the issues
presentation, and for the coordination of all activities related to the edition of these
guidelines.

Once published the guidelines, they were sent to several primary and secondary schools for
diffusion and knowledge, and one technical conference was prepared in the CSN site for their
presentation.



3.- Guidelines for primary school
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The content included in this guide is divided into three levels, depending on the age:
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Level I: students between 6 and 8 years old.
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Consta de tres unidades para el alumnado de 6 a 8 afios.

Unidades nivel |
unidad 1 Tomando el sol
= S s i
Informacién

| En cado unidad se propone una lectura que el profesora puede leer en
clase o pedir a algunos alumnos/as que la preparen en casa y la lean a

- Lectura
« Puntos clave, preguntas y actividades
unidad 2 Pablo en el hospital

I

sus compadieros. Todas las lecturas gican en tomo a dos personajes prin- 1 Sugerencias didscticas
cipales, Pablo y Angela, que se ven envueltos en distintas situaciones a | == | Loy
través de las cuales se tratan los efectos de los rayos del sof, ia naturale- l « Puntos clave, preguntss y actividades

m
u

23 y Ias aplicaciones médicas de los rayos X y el funcionamiento de la
television.

unidad 3 La television no funciona
- Sugerencias didacticas

- Lecturs

- Puntos clave, preguntas y actividades

—

Es importante que, en este nivel, los alumnos/as adquieran conocimien-
tos sobre |a radiacién que les rodea y sepan identiticar sus efectos y apli-
caciones.

H

Evaluacion

Contenidos

Se tratan los siguientes temas:

* La radiacidn solar: efectos y proteccion.

* Aplicaciones médicas de los rayos X: las radiografias.

* La transmision de las ondas: ef funcionamiento de la television.
Puede encontrarse informacion general de estos temas en el suplemento
tenico

G GG

Cada unidad consts de unas actividades con las cusles se pueda evaluar
el grado de adquisicién de los conocimientos. Se puede pedir que, por
@upos, inventen una historta similar a cada una de las historias feidas
en clase y la representen al resto de sus companeros de clase o a otros
@rupos.

Al terminar este nivel los alumnos/as deben:

* Raconocer de qué manera afectan los rayos del sol a fa piel y céma pro-
tegemos de lss quemaduras del sol

* Saber de qué forma se utilizan los rayos X en los hospitates para diag-
nosticar fracturas.

* Explicar la transmisitn de las ondas que nos permiten ver la television.
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inni it it’s included the teacher sheet, which contains:
At the beginning of each unit it’s included the teacher sheet, which contains:
o Obijectives.
e Minimum period of time proposed for development (schedule program)
e Methodology.
e Arange of activities for students (with answers when it’s necessary).
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s 3, ;Qué es lo que Pablo y Angela olvidaron hacer cuando tomaron el sol al
Unidad 1 % N borde de la piscina?
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4. (Qué le ocurre a la piel cuando permaneces derasiado tiempa al sol?
[ i = piel se | ’
Objetivos 12 | N
Alfinal de la unidad, el alumno/a: = | Verdadero o falso
» Podra describir de qué forma afectan a la piel los rayos del sol. ; s Es conveniente indicar a los alumnos/as que en esta actividad justifiquen
« Podré Identificar las consecuencias de una exposicion prolongada a la SUS respuestas.
radiacion solar sin proteccidn. L] 1. Cualquier crema protege contra las quemaduras del sol
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g 2. Cuando vamos a la playa nos tenemos que echar crema protectora,
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ca de las quemaduras solares, por ejemplo preguntando: “;Alguna vez te -
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Seguidamente, el profesar/a lee o cuenta la historia “Tomando el sol" y des- - * ;Qué meterias en la bolsa de playa para protegerte del sol?
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The student sheet includes
an introduction followed by
a story, mainly of fictional Tomandarehsol ‘
cases, or an explanation with _— -
illustrations and figures, and

finishes with the "key

points". These key points are

the key concepts that should

be learned by the students.
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Those words considered key
words, are highlighted out of
the story. Also, there are
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This is only an example to illustrate several subjects of radiation and radiological protection.
Each teacher can use them or adapt them if it is necessary, in an adequate and appropriate way.

The technical supplement includes more comprehensive E&S
information on the different items that are dealt with in the =———
different units.

This information is aimed to teachers and tries to be as i:
clear and objective as possible. The supplement is £«
followed by a glossary, a bibliography and a list of useful g:
addresses. =
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The information contained in the technical supplement is =
the following: = et e 0 edacon oz
.i_: Efectos biolégicos de las radiaciones
e Types of radiation. i =T
¢ Radioactive decay. %: A s o I ok s
e Measurement of ionizing radiation. =
e Health effects of ionizing radiation. Radiological 3

Protection
e Applications.



4.-Guideline for secondary schools
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The topics of this guideline are:

Understanding the radiation is everywhere.

Make known the radiation: origin, types, and characteristics.
Become familiar with the radiation uses.

Health effects of ionizing radiation.

Measures Units

Instruments for radiation measurement.

Protection against radiation.

The content of this guideline is divided in two [_ ]
levels, according to the age: ]

4  Prélogo

6 ' Enfoque general
> 8  Objetivos
10 = Estructura
12 = Contenido

o Level I: students between 12 and 16 years
old (Mandatory Secondary Education)

e Level II: students between 16 and 18 years
old (High school and vocational training)
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Each point provides in-depth coverage of a specific
subject area. The texts contain all the necessary to
teach both levels and include:

e A Technical supplement

o A Glossary

¢ A Bibliography

e Web site.
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As in the primary guideline, at the beginning of each level it is included:
e General information about de topic concerned.
e Arrelationship of units including in this level.
e Criteria to assess what pupils have learned.

Each Unit appears according to the following structure:
A) Teacher sheet that contains:

o Objectives
Proposed schedule = BT

o
< ot v— - e
o i

e Reference to B
the technical supplement e
e Methodology e
e Questions and answers Ere
e Activities and solutions, .
e proposals for Internet searching, W
e Talking points
]
ins: — e N
B) Student sheet that contains: . - —
e Introduction | e
e Reading of the subject e
. . e
e Key words (margin, in level ) ’ <=
e Main points g =
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In this guideline, the stories included in the primary guidelines have been replaced by science
based texts, adapted to student knowledge including the physical concepts necessary to
approach the subject.

Like the other, this guideline only represents an approach for developing a framework to teach
different items about the radiation and the radiological protection.

Each level can be teaches as a complete unit, although the teachers are free to use information of
others units. Each teacher will be able to use or to adapt them in a more suitable way, making
attention in different features.

The technical supplement contains additional information about L
different aspects of ionizing and non ionizing radiation and
radiological protection based on the latest available scientific
information of the biology and physics of radiation exposure.

This information is aimed to the teaching staff, or the students who | suplemento técnico
wish improve their knowledge, and its exposed as cleared and
objective as possible.

1
2
3
¢
5
6

The information included in the technical supplement is grouped in
9 units, and contains issues related to apply of ionizing radiation,
physical concepts, health effects, radiological protection system
and relevant national and international authorities in radiological
protection.

The issues are:

Background

Atomic structure.

Electromagnetic waves: ionizing and non ionizing radiation (natural and artificial).

Radioactivity and ionizing radiations. Includes concepts relate to radiation, types of

radiations, dose measurement and interaction of the ionizing radiation with the matter.

Health effects of ionizing radiations.

¢ International organizations and national authorities responsible for radiological
protection, their publications and recommendations.

e Legal aspects relative to the different Organisms with competition in radiological safety
and its publications.

e Cycle of the nuclear fuel and nuclear power stations.

e ITER. Scientific project that tries to demonstrate the possibility to produce a
commercial way of electrical energy coming from the nuclear fusion. International
organizations and national authorities responsible for radiological protection, their
publications and recommendations.

e Other applications of ionizing radiations:

o In the interaction of matter on radiations: x-ray and industrial gammagraphy,
process control (measured of density, thicknesses, grammage...).
o In the action of radiation on the matter: treatment by irradiation: sterilization,
food storage, polymer production.

lonizing action: smoke detectors, lightning rods.

Radioactive isotope used for study the material behavior.

Radioactive waste.

o O O



o The Nuclear Security Council. Mission.

o INES scale, like competent Organism in the matter of nuclear security and
radiological safety in Spain. It includes its missions, the means whereupon it
counts

5. Conclusion

In conclusion, the guidelines objective is to contribute to the knowledge about ionizing
radiation, and to help the teachers to transmit it in the classrooms. Only from this position we
will form a responsible citizenship, capable of facing a critical attitude the scientific advances in
general and the world of the radiations especially

Guideline for primary school objective is to show to younger students that the radiation is in the
background of his life: we receive sun radiation; also the doctor uses radiation when he makes a
radiography to see a broken bone or it’s possible to watch TV or use walked talkies because of
radiation exists.

Guideline for secondary school objective is more ambitious. It shows to students the science
bases about current issues, such of them are discussion topics, as power plants uses and the
radioactive wastes involved, or technology advances involving the uses of ionizing radiations in
the fields of medical exposures of patients or food industry or access control systems. The
knowledge about the operation conditions, involved risks, environmental control and
radiological protection actions will provide citizen the adequate tools to assess the different uses
of ionizing radiation



