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Abstract

Skin cancer is increasing faster than any other form of cancer in the USA. There is a
general lack of knowledge regarding the consequences of over-exposure to UV
radiation. Thirty-percent of those living below latitude 37 degrees, will develop skin
cancer during their lives. Peer pressure to be tan causes increasing numbers of young
people to play solar roulette. This is just one of many topics that must be addressed in
science programs. To set the stage for understanding the significance of this problem,
the paper first discusses the current status of radiation education and nuclear energy
education in the USA as well as specific radiation misconceptions held by both students
and their teachers. The paper then describes; how cultural norms are increasing the risks,
the science behind skin cancer, unavoidable and avoidable risk factors, and the factors
that are increasing the incidence of skin cancer including the thinning of the ozone layer.
The paper then reviews the current educational materials being developed and used to
inform and influence our youth to the risks of sun exposure and the philosophy behind
many of these endeavors. The paper concludes that the future is bright, if educational
leaders recognize the opportunity to employ problem based learning experiences and
address the National Science Education Standards by utilizing critical thinking skill
development through such teaching approaches as the jurisprudential model and real
world experiences. Radiation education is presented as a topic rich with personal and
society issues and not just a scientific set of facts for our students to learn. The paper
concludes with a case of tanning as a context for learning and a backdrop for teaching
important educational concepts.

A vision of radiation education from the American perspective

Current status of radiation education and nuclear energy education in the USA
To create a more scientifically literate society, the National Science Education
Standards were developed and adopted in 1996 (NRC, 1996a). These standards not only
provided a description of what students should know about the major science fields,
including the concepts of radiation and nuclear energy, they also defined for the first
time the need for other components of science required of a scientific person, including
an understanding of: 1. Unifying concepts and processes, 2. Science as inquiry, 3. An
understanding of the history and nature of science, 4. Science and technology, and 5.
Science in personal and social perspectives. In addition, these science education
components were further broken down into three age appropriate levels, thus creating
for the first time an image of what content is appropriate for different cognitive levels.
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Table One provides an overview of what science content, for the three broad areas of
science (physical science, life science, and earth and space science) should be taught.

Table One: Physical Science Standards

Grade Levels K-4 Grade Levels 5 — 8 ‘Grade Level 9 - 12
Properties of objects and | Properties and changes of | Structure of atoms
materials properties in matter

Structure and properties of
Position and motion of Motions and forces matter
objects
Transfer of energy Chemical reactions

Light, heat, electricity, and
magnetism Motions and forces
Conservation of energy and
increase in disorder

Interactions of energy and
matter

Notice how concepts are revisited from the early grades through high school, with
greater specificity as the expectations of student’s cognitive development increase. Thus
the national standards provide increased emphasis on abstract and conceptual
understandings as student’s progress from kindergarten to grade 12.

While radiation and nuclear energy are not specifically mentioned in these broad
concept headings of Table One, certainly the bolded statements provide opportunities to
explore these topics. It is also important to note the lack of emphasis at the lower grade
levels. Radiation and Nuclear energy are very abstract concepts and should not be
taught at points in a child’s development when such teachings could result in more
conceptual misunderstandings then accurate foundational development.

But the greatest contribution of the National Science Standards was not the defining of
the three traditional science content areas of life, physical, and earth and space science,
but the expansion of what the science content must include. These newly defined

content themes embrace five additional areas of emphasis: (1) Unifying concepts and
processes, (2) Science as inquiry, (3) An understanding of the history and nature of
science, (4) Science and technology, and (5) Science in personal and social perspectives.

It is these five content areas that give radiation and nuclear energy topics their greatest
opportunities for teaching. Tables Two through Four offer insights into how all eight
areas are to be addressed in science curriculum, as a student moves from early schooling
to high school graduation.
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Table Two: Grades K-4 Content Standards

Unifying Concepts | Science as Inquiry | Physical Science Life Science

Systems, order & Abilities necessary to Properties of objects & | Characteristics of

organization do scientific inquiry materials organisms

Evidence, models, & Understandings about Position and motion of | Life cycles of

explanation scientific inquiry objects organisms

Change, constancy, & Light, heat, electricity, Organisms &

measurement & magnetism, environments

Evolution &

equilibrium

Form and function B

Earth & Space Science & Science in History & Nature

Science ' Technology Personal & Social | of Science
Perspectives

Properties of earth Abilities of Personal health Science as a human

materials technological design endeavor

Objects in the sky

Changes in earth and
sky

Understandings about
science and technology

Abilities to distinguish
between natural objects
and objects made by
humans

Characteristics &
changes in populations

Types of resources

Changes in
environments

Science and technology
in local challenges

Table Three: Grades 5

- 8 Content Standards

Unifying Concepts

Science as Inquiry

Physical Science

Life Science

Systems, order, &
organization

Evidence, models, &
explanation

Changes, constancy, &
measurement

Abilities necessary to
do scientific inquiry

Understandings about
scientific inquiry

Properties and changes
of properties in matter

Motion and forces

Transfer of energy

Structure and function
in living systems

Reproduction &
heredity

Regulation & behavior

Populations &

Earth’s history

Understandings about
science & technology

Populations, resources,
& environments

Evolution & Ecosystems
equilibrium
Diversity and
Form and function adaptations of
organisms
Earth & Space Science & Science in History & Nature
Science Technology Personal & Social | of Science
Perspectives
| Structure of the earth Abilities to Personal health Science as a human
system technological design endeavor

Nature of the science
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Earth in the solar

Natural hazards

History of science

system

Risks & benefits

| Science & technology
in society
- Table Four: Grades 9 - 12 Content Standards

Unifying Concepts | Science as Inquiry | Physical Science Life Science
Systems, order, & Abilities necessary to | Structure of atoms The cell
organization do scientific inquiry

Structure & properties Molecular basis of
Evidence, models, & Understandings about of matter heredity

explanation

Changes, constancy, &
measurement

Evolution &
equilibrium

Form and function

scientific inquiry

Chemical reactions
Motions & forces

Conservation of energy
& increase in disorder

Interactions of energy &
matter

Biological evolution

Interdependence of
organisms

Matter, energy, and
organization in living
systems

Behavior of organisms
Earth & Space Science & Science in History & Nature
Science Technology Personal & Social | of Science
' Perspectives B
Energy in the earth Abilities to Personal & community | Science as a human
system technological design health endeavor
Geochemical cycles Understandings about Populations growth Nature of the science

Origin & evolution of
the earth system

Origin & evolution of
the universe

science & technology

Natural resources
Environmental quality

Natural and human-
| induced hazards

Science & technology
in local, national, &

global challenges

Historical perspectives

Unifying Concepts and Processes
If any one of the eight content standards could be considered more important than the
others, I believe it would be unifying concepts and processes. There is an expectation
that this first standard be a part of every other component taught in a K-12 science

classroom. Therefore, it is important to understand this standard and it’s implications.

The tables two through four provide an insight into the unifying concepts to be
addressed at various grade levels, but the processes of science are unfortunately
assumed. The following list of process skills is required to be present throughout the
student’s science training and these skills are to be addressed at progressively higher
cognitive levels, as they moves through their schooling.
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Basic Science Process Skills: an overview
Observing - using the senses to gather information about an object or event. Example:
Describing the color of an apple.

Inferring - making an "educated guess" about an object or event based on previously
gathered data or information. Example: Saying that a person is having trouble writing a
paper because his waste paper basket is full of wadded up paper.

Measuring - using both standard and nonstandard measures or estimates to describe the
dimensions of an object or event. Example: Using a stop watch to measure how many
seconds it takes as object to fall two meters.

Communicating - using words or graphic symbols to describe an action, object or event.
Example: Describing the change in daily average temperature for your city during the
course of a year in writing or through a graph.

Classifying - grouping or ordering objects or events into categories based on properties
or criteria. Example: Placing all shoes having shoe-laces into one group.

Predicting - stating the outcome of a future event based on a pattern of evidence.
Example: Predicting how long in seconds it will take an object to fall three meters,
based on data from one and two meter readings.

Integrated Science Process Skills

Controlling variables - being able to identify variables that can affect an experimental
outcome, keeping most constant while manipulating only the independent variable.
Example: Shooting a water rocket with various amounts of water in a two-liter bottle
while maintaining the same angle of launch, the same launch pressure and by using the
same rocket as controls.

Defining operationally - stating how to measure a variable in an experiment. Example:
Stating that the water added to the rocket will be measured in milliliters.

Formulating hypotheses - stating the expected outcome of an experiment. Example:
Hypothesizing that the more water added to the rocket, the greater the launch height.

Interpreting data - organizing data and drawing conclusions from it. Example:
Recording data from the experiment on rocket height verse amount of water and
predicting an amount of water that would result in the highest launch height.

Experimenting - being able to conduct an experiment, including asking an appropriate
question, stating a hypothesis, identifying and controlling variables, operationally
defining those variables, designing a "fair" experiment, conducting the experiment, and
interpreting the results of the experiment. Example: The entire process of conducting
the water rocket experiment.
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Formulating models - creating a mental or physical model of a process or event.
Examples: The model of the amount of water verse air in a 2-liter water rocket and how
these changes affect launch height.

Both basic and integrated process skills are crucial to the understanding of science and
the rules that must be followed by scientists. These skills must be present as we develop
radiation education lessons, or as we address any other science concept.

Opportunities to employ problem based learning and critical thinking skill
development

As previously stated, the implementation of the national standards created a new
emphasis that went well beyond the traditional view of K-12 science education. The
new focus called for teachers to address, inquiry, science related issues, science as a
world-view, and to put science topics into an historical context.

It is these arenas that provide the greatest opportunities to expand our future generations
understanding of radiation education and nuclear energy. For without these tools, these
topics are just another body of knowledge to be memorized and regurgitated back on
some exam. But by using the five additional National Standards themes, these topics
can come alive with personal insights and life long connections.

As Robert Delisle, 1997, stated, "Education involves either problem solving or
preparation for problem solving... When teachers and schools skip the problem-
formulating stage handing facts and procedures to students without giving them a
chance to develop their own questions and investigate by themselves students may
memorize material but will not fully understand or be able to use it. Problem-based
learning (PBL) provides a structure for discovery that helps students internalize learning
and leads to greater comprehension."

Maybe the most exciting current development in science education is the renewed and
expanded focus on personalizing education. There are several pedagogical tools
described in the literature, but they all have the same basic central theme, “making
science relevant to each and every student”. So please recognize the similarities when
confronted with such movements as: problem-based learning, project-based learning,
constructivist approaches, science-technology-society (STS), student-centered learning,
inquiry-based learning, process-based learning, critical thinking development, brain-
based learning, experiential education and so many others. Each of these educational
movements recognizes that learning requires that students make connections to their
lived lives. Not connections to YOUR life as the teacher, but to THEIR lives. It is this
challenge that teachers face each and every day. And it is this understanding that can
provide opportunities to teach all of science in a more exciting and relevant manner.

As this radiation education conference takes place, a draft possession statement by the
National Science Teachers Association (NSTA, 2004) reinforces these ideas.
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Regarding the use of scientific inquiry as a teaching approach, NSTA recommends
that science teachers

* Plan an inquiry-based science program for their students by developing both
short- and long-term goals that incorporate appropriate content knowledge.
s Implement approaches to teaching science that begin with explorations and use

those experiences to raise and answer questions about the natural world. The learning
cycle approach is one of many effective strategies for bringing explorations and
questioning into the classroom.

* Guide and facilitate learning using inquiry by selecting teaching strategies that
nurture and assess student’s developing understandings and abilities.

* Design and manage learning environments that provide students with the time,
space, and resources needed for learning science through inquiry.

* Receive adequate administrative support for the pursuit of science as inquiry in
the classroom. Support can take the form of professional development on how to teach
scientific inquiry, content, and the nature of science; the allocation of time to do
scientific inquiry effectively; and the availability of necessary materials and equipment.
* Experience science as inquiry as a part of their teacher preparation program.
Preparation should include learning how to develop questioning strategies, writing
lesson plans that promote abilities and understanding of scientific inquiry, and analyzing
instructional materials to determine whether they promote scientific inquiry.

Regarding students' abilities to do scientific inquiry, NSTA recommends that
teachers help students

* Learn how to identify and ask appropriate questions that can be answered
through scientific investigations.

* Design and conduct investigations to collect the evidence needed to answer a
variety of questions.

* Become aware that there is no fixed method of approaching science inquiry, and
that students can be creative in designing and conducting investigations and in
analyzing data.

* Use appropriate equipment and tools to interpret and analyze data.

* Learn how to draw conclusions and think critically and logically to create
explanations based on their evidence.

& Communicate and defend their results to their peers and others.

Regarding students' understanding about scientific inquiry, NSTA recommends
that teachers help students understand

* That science involves asking questions about the world and then developing
scientific investigations to answer their questions.

g That there is no fixed sequence of steps that all scientific investigations follow.
Different kinds of questions suggest different kinds of scientific investigations.

* That scientific inquiry is central to the learning of science and reflects how
science is done.

* The importance of gathering empirical data using appropriate tools and
instruments.

* That the evidence they collect can change their perceptions about the world and

increase their scientific knowledge.
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* The importance of being skeptical when they assess their own work and the
work of others.
* That the scientific community, in the end, seeks explanations that are

empirically based and logically consistent.

Making the Transition

But how do teachers and their students move from the paradigm of

“teacher as teller” to “teacher as facilitator”? What does our classroom activities look
like when students become vested in their own learning?

Several years ago I posed this question to a group of teachers in Anchorage, Alaska.
After spending considerable time examining the literature, they developed the following
model for inquiry-based learning. They titled the model “an evolutionary process”,
because they recognized that neither the teacher nor the students could move from the
traditional roles to student-centered learning, without an evolutionary progression over
time. I would like to share this evolving model in hopes that you might also help
teachers see the connections to their present practice and in doing so, establish personal
goals to move the teaching of science along what you will soon see as an inquiry
teaching continuum.

Table 5: Inquiry as an Evolutionary Process

Tradsfipnal Structured | Guided Student Directed Student
Hands-on ~ Research
Topic Teacher Teacher Teacher Teacher e
- B Student
. | Teacher/
uestion Teacher Teacher | Teacher Student
; Student
aterials Teacher Teacher | Teacher ~ Student Student
Procedures/ | Teacher/ i
IDesign Teacher Teacher Student Student Student
|Results! Teacher Teacher/ Student Student Student
Analysis Student i -
|Conclusions Teacher Student Student | Student Student

It is important to know where we have been before we can clearly see a path to the next
level of understanding. Therefore, let us examine a vision of each classroom teacher and
student roles as we attempt to move from a traditional teacher-centered classroom
toward a student directed environment.

Traditional Hands-on Science Experiences

We are all familiar with these "cookbook" experiences where the teacher directs the
decision-making from topic to conclusion. In other words, when an activity or
laboratory is included in the curriculum, the teacher decides the topic, the questions to
be addressed, the materials that can be used, as well as the experiment’s design,
expected results, and the correct conclusion. We also know that for some teachers this
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step would be a major improvement over their 45-minute daily lecture, where students
are not only not physically engaged, but probably not mentally attentive either. So
traditional hands-on science is not bad science, it simply is not inquiry science.

Structured Science Experiences

During a structured laboratory experience, students are required to reach their own
conclusions based on supportive evidence. On the inquiry continuum providing a
structured experience is a major step for both the teacher and their students. I mention
students, because we must not forget that our students must go through the same basic
developmental process as teachers. The number one failure of educational reform has
been the expectation that teachers and students will move from some present practice to
some ideal, without moving slowly through several intermediate steps or phases. For
many teachers and students, moving to a structured science experience will take
considerable time and effort.

Guided Inquiry

Guided inquiry still has the teacher selecting the topic, the question, and providing the
material, but students are required to design the investigation, analyze the results, and
reach supportable conclusions. A recent teacher workshop suggested that both the
teacher and the student be listed under the procedures and design section. They pointed
out that many times we must fluctuate between teacher and student directed at these
interface components. It is this level of involvement that is being suggested by the
National Science standards. This does not suggest that every science experience must be
at the guided level, but that each student must at some point have the opportunity to
experience science as a process and not a set of facts.

Student Directed Inquiry

At this point the student is responsible for everything beyond the general topic and
guidance with question development. The National Standards, which came out in 1996,
do not specifically specify the level of inquiry requested or the roles of students or
teachers. Personal experience with the Standard since 1996 has demonstrated just how
difficult this evolutionary process is and how difficult it is to move students to self-
directed learning. With the present climate in USA education, I believe that at most,
25% of our students should or could meet this level of inquiry.

Student Research

This is the inquiry ultimate goal. At this point the student simply needs support and
guidance from the teacher. I do not believe that this is a goal to beé met by all or even
most of our students, but our teachers must understand how to help students who have
both the interest, drive and ability to pursue true research. I must add that unless we
alter our teacher preparation programs to include these kinds of experiences, we can
never expect our future teachers to have the necessary skills to direct their students to
become engaged in research.

Table 6 provides a model of what changes take place as well as move from one end of

the educational spectrum to the other. Each of the changes stated represent huge
paradigm shifts for the USA educational system.
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Table 6: Inquiry Evolution: a Means to an End

Traditional Hands-on Structured | Guided | Student Directed S
- o i Research
Teacher Controlled e e - > Student
Controlled
Exogenous > > Cognitive Development > > Endogenous
Focus on Teaching > > Focus on Learning

This process of moving from traditional to at least guided inquiry creates several very
exciting end results. It alters the role of the teacher, the intellectual development of the
students and even the classroom-learning climate. The graph above shows how we can
use inquiry to move toward more student centered classrooms and create a classroom
where the focus is clearly on learning and not on the teacher teaching.

The cognitive growth may need a brief clarification. An exogenous cognitive change is
externally driven, in this case by the teacher, and is measured by how well a student can
reproduce what they have been told. An endogenous change, on the other hand, results
in the internal reconstruction of new information and is measured by creativity and ones
problem solving ability in new situations. All of these changes clearly align with many
other aspects of our current educational reform efforts.

In many ways the last continuum shift may be the hardest of all. As educators we have
spent a life time thinking about “what to teach” and “how to teach”. We simply
assumed that the outcome would be student learning. But how would we function as
teachers if every pedagogical decision we made was dominated by a focus on student
learning? Putting the student first is so alien to most teachers, that this shift alone may
be the biggest stumbling block to educational reform.

One example of how these current educational understandings are being employed can
be seen in the Uranium and Radiation Education Outreach project that uses the
following format for PBL curriculum development.

Problem-Based Learning Structure
This PBL format, described below, models the desired structure for addressing science

related issues in the educators' classrooms.

1. Connection: The teacher, or a guest speaker, will present an introduction to the
issues, to provide a personal connection to establish the importance of the problem(s) in
the students' daily lives.

s Ideas: By asking a series of questions, the teacher will lead discussion during
which questions for investigation are formulated and plans of action are suggested.

X Facts: Working as a group, students then supply all the facts that they know
about the issues. The teacher will be careful to distinguish between facts and opinions.
4. Learning Issues: The group establishes questions that need additional research,
elaboration, or definition. Some of this research may take the format of learning or lab
activities, in addition to more traditional research techniques.
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5. Action Plan: The group then makes plans for how it will find the information
needed. Included in this plan is a list of resources that may assist in the investigations.

6. Revisiting the Problem: Once the independent work is completed, participants
reassemble to report on their work.

1. Product or Performance: Each problem concludes with a product or performance
by the group, or by subsets of the group. These may include plans for further action.

8. Evaluation: The participants evaluate their own performance, their group's

performance, and the quality of the problem itself.

Jurisprudential model and real world experiences

When confronted with a science concept that has built-in opposing view-points,
such as the development and use of nuclear energy, the Jurisprudential Inquiry Model
(JIM) is perfect for the task (Bonnstetter & Pederson 1994). The JIM is designed to
help students think systematically about a contemporary issue, to create an atmosphere
of personal involvement and to allow different learning styles to emerge through role-
playing. The only caution is to remember that JIM is only a tool, a means to an end,
not the primary focus or purpose of the lesson. Many times students, teachers and
parents need to be reminded what the goal of the lesson is. In the case of nuclear
education, the lesson focus might be pros and cons of nuclear reactors for generating
electricity. The process used to engage students could be JIM.

The jurisprudential inquiry model suggested here has six phases.

Phase I: Orientation to the Issue

Phase II: Identifying and Defining the Issue

Phase III: Synthesizing the Research Information into Arguments

Phase IV: The Public Meeting

Phase V: Clarification and Consensus

Phase VI: Application

Each of these phases is described in detail by downloading the pdf article found at:
http://merds.unl.edu/pages/preser/sec/articles/juris.pdf

Radiation misconceptions held by both students and their teachers

It is a common misconception that exposure to radiation of any kind is a possible cause
of cancer. The resulting fear factor that comes from this belief is in itself the major
misconception concern. What is needed is greater understanding of both radiation and
related risks.

While it is true in cases of populations exposed to high levels of ionizing radiation, such
as the Japanese atomic bomb survivors; it actually depends on the amount of radiation
exposure. A search of the literature yields numerous examples of opposing views and
contradictions concerning exposure to radiation. In other words, education is the
missing link to many of the issues central to radiation. Let us examine one topic that
could be used in an educational setting to help students both better understand radiation
and a related personal issue. By applying the Jurisprudential Model, one can see how
students could find information on both sides of several related issues, including the use
of sun tanning booths, the cultural norms associating a tanned body and health, the
reduction of the earth’s ozone layer, and cancer increases.
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Case Study: Effects of UV Radiation on You

UV radiation was chosen as a teachable example for a number of reasons. First of all,
the risks from UV can be greatly reduced by education and personal action. Secondly,
80% of damaging sun exposure occurs during the first 18 years of a young persons life
Ahearn, M. (2002). Therefore, it is crucial that our youth understand both the science
and the personal risks associated with UV radiation.

Skin cancer is the most common form of cancer in the United States. In addition, it is
increasing faster than any other form of cancer. One in five Americans will develop skin
cancer during their lifetime (Rigel, 2004). This number is even higher in the “Sunbelt”.
The USA Sunbelt includes 15 States and is defined as those areas below 37% Latitude.
(See Table 7.) According to International Cancer News (1988), thirty percent of those
presently living in the sunbelt will develop skin cancer during their lives.

Table 7
Below the dark line under the word “States™ represents 37 degrees North Latitude.

Although data for Japan has not been found, one can assume from Table 8 that a similar
risk is faced by a large portion of the Japanese population.

A teachable moment
Educators should recognize the potential this topic represents. It represents an important
science concept and it has personal interest appeal for students.

Applying the Jurisprudential model, students might first identify both positive and
negative aspects of the issue.

Positive Effects

Ultraviolet rays have their place in our ecosystem, (and it isn’t merely to provide
manufacturers an opportunity to sell their sunscreens). UV rays, for example, are
necessary for our body to produce vitamin D, a substance that helps strengthen bones
and safeguards against diseases such as Rickets. Some scientists have shown that
Vitamin D lowers the risk of getting some kinds of internal cancer, like colon cancer.
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Table 8
Below the dark 37 degrees North line represents Japan’s “sunbelt”.

UV light is also used as a therapy for psoriasis, a condition in which the skin sheds its
cells too quickly, resulting in itchy, scaly patches on various parts of the body. When
exposed to ultraviolet rays, the growth of the skin cells is slowed, relieving the

symptoms.

UV rays are also used in various commercial functions, such as disinfecting fish tanks
and sterilizing medical equipment. Animal life makes their own use of these
wavelengths too—certain animals can actually see ultraviolet light, and use it to their
advantage. Bees use the reflection of UV off of flower petals to guide their pollen
collecting.

Negative Effects

Though ultraviolet rays do have a purpose, one must not use this information as a
validation for sunbathing habits. The dangers of UV exposure are real, and public
ignorance concerning these matters could lead to increased health problems in the future.

The intended end result of such an activity would be to have students: understand the
science behind skin cancer, define the unavoidable and avoidable UV risks, and
ultimately, make life decisions that align with this new found knowledge.

Conclusion

My greatest fear is that we are preparing our students for a present that no longer exist
and future that is unknown. The only solution is to prepare our students with the ability
to be life long learners. Our educational goals must move beyond current
understandings and prepare our students to learn each and every day of their life. We
should admit that what we offer is a path to a learners permit, not a diploma. We must
provide them with the tools to continue learning and questioning.
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Therefore, students not only need current information related to these topics, but they
need opportunities to debate and confront the issues surrounding radiation and nuclear
energy. Only then will they understand the science behind these issues and learn the
process of data gathering and analysis for crucial life long learning. There are hundreds
of present and future scientific and technological decisions facing humanity. Armed
with present knowledge and the tools to develop future understandings, I am confident
that our future will be bright and healthy.
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5.2 Nucleonics across the Curriculum

Rich Marrano
Crystal Lake South High School
1200 S. Mchenry, Crystal Lake, Illinois, 60014 USA

Abstract

Many within the “nuclear” community are interested in attracting young people to careers
in nuclear related fields while they are at the age when they are considering career
choices. High school is a good time to introduce students to ideas that may lead them to
investigate careers in nuclear science. However, they may not even be exposed to those
ideas for various reasons. For example, many teachers may not see the connection
between nuclear issues and other areas of instruction. In addition, most teachers already
have a full curriculum, and adding another topic is unlikely. As a result many students
will not see some of the practical applications of nuclear science in other fields of study
unless they take a class where nuclear science is a specified topic of study. A good
alternative is to incorporate nuclear examples across the curriculum to illustrate concepts
already included in other classes. This would be a simple step that teachers may find
interesting and would expose a variety of students to nuclear issues.

Background
Many people within the nuclear community are concerned about the growing gap between the number

of vacancies within the nuclear related professions and the number of new applicants for those
vacancies. Many attempts to attract young people to nuclear fields often target college students who
have already been exposed to some nuclear related issues while majoring in disciplines closely related
to nuclear medicine or nuclear power. This is beneficial for those involved both as employers and
employees. However, it fails to attract the number of individuals needed in both nuclear medicine and
nuclear power if both fields continue to grow as projected. As a result of this shortage, many within
those fields would like to see more students exposed to nuclear careers and concepts while in high
school in order to increase the number of students pursuing the necessary majors while undergraduates.
Some have suggested that a Nuclear Science class at the high school level would be a good way to
accomplish that goal. After teaching such a course at the high school level for 24 years I have
observed that many students are interested in nuclear topics and do express‘ the desire to pursue
various nuclear careers after high school as a result of the information received while in such a class.
It would be profitable for more high schools to offer nuclear science classes or at least units about

nuclear radiation in chemistry or physics courses. However, both options are unlikely for several
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reasons. First, many teachers do not feel qualified to teach such a course or even such a unit within
another course. Also, many teachers have already had to deal with content being added to their
curriculum and find it difficult to cover the required curriculum in the allotted time. Further, with the
push for accountability for state and national standards comes the reticence to try anything new
beyond what is already expected and evaluated.

An alternative to adding a separate course or as units within another course would be to
incorporate nuclear examples to illustrate concepts already included in other classes
offered at the high school level. Nuclear issues used across the curriculum such as those
presented in this paper would help accomplish a number of goals that have already been
outlined in a variety a state and national educational standards. It would also assist the
general public by allowing them to become more familiar with nuclear concepts that
could reduce some of the blind fears that many people experience about anything related
to nuclear radiation.

Following are some examples that could be incomporated into various classes along with
the concepts they could be used to illustrate.

Math

Concept: Graphing in three dimensions using X, y, and z coordinates

Example: Locating tumors and surgical instruments in 3 planes on various medical
images.

Explanation: In order to use radiation on patients with cancerous tumors it is necessary
to determine the exact shape and location of the tumor so a beam of radiation can target
only the tumor without exposing the good tissue surrounding the tumor to excessive
doses of radiation that could lead to other problems. This could be accomplished using a
CT series of images so that the 3-dimensional location and shape of the tumor is
determined.

Earth Science

Concept: Base line mapmaking using triangulation from fixed points of reference.

Example: Stereotactic brain surgery dose planning to target a brain tumor for gamma knife surgery
using Ct images with the mounting frame in the image.

Explanation: In order to orientate the patient with a brain tumor correctly in a gamma knife apparatus
the tumor must be located relative to the frame that is attached to both the patient's head and the
gamma knife apparatus. The frame is like the base line used in map making. A CT scan is done of
the patient after the frame has been attached to the patient’s head. The tumor’s location can then be

determined relative to the frame (base line) by triangulation.

Earth science
Concept: Understanding the interior of the earth from P and S wave data
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Example: Various internal image techniques used on a the patient to get a visnal image of the interior
of the patient’s body without actually doing surgery to “look” inside the patient

Explanation: Most students are familiar with X-rays and realize that they are used to “see” inside the
body. There are basically three parts to the system that produce an x-ray. The first part is a source of
energy waves like x-rays. The second part is something that either absorbs or interferes with those x-
rays, like the patients various body tissue such as bone, soft tissue, fluids or contrast agents. The third
part is something that records where the x-rays have passed through, like the film. In the case of the
interior of the earth, the P and S waves from an earthquake are the energy waves, like the x-rays. The
Lithosphere, Asthenosphere, and core of the Earth either absorbs or interferes with those energy
waves, like the person’s body being x-rayed. The seismographs around the world act as a receiver and

recorders of the energy that passes through the Earth, like the x-ray film.

Economics and Business

Concept: Cost effectiveness and the principle of diminishing rate of retum

Example: Inverse Square Law as it relates to reduction of radiation exposure and also reduction of
cost effectiveness when using distance to reduce exposure from radiation sources.

Explanation: As one moves further and further from a radiation source, the amount of energy
received is reduced, but not at a uniform and constant rate of reduction. The amount of radiation
received at any distance can be determined if the amount of radiation at a reference distance is know
along with how any new distance compares to the reference distance. Simply put, when the distance
between a source and a receiver doubles, the amount of radiation received at twice the original
distance will be reduced by seventy five percent of what it was at the original distance. If the distance
between a source and a receiver is tripled, the amount of radiation received will only be reduced by an
additional fourteen percent. Moving the receiver still further to four times the original distance
between the source and the receiver would yield a reduction of the amount of energy received by only
an additional five percent. If each increase in distance between the source and the receiver costs the

same amount of money, the return on that investment is, therefore, steadily decreasing.

Environmental Science

Concept: Risk/benefit analysis

Example: Various energy sources (coal vs. nuclear)

Explanation: This is a useful comparison between the two major sources of heat for steam generators.
Comparison should be done for all aspects of what it takes to obtain the raw source from the ground

through the disposal of any waste produced when each source is used.
Biology

Concept: Fossil reconstruction and brain case analysis

Example: Using CT to examine NanoTyranus skull
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Explanation: While investigating a skull that was completely encased in a rock matrix, a CT scan
was used to produce a three-dimensional image of the actual skull without the rock matrix. This was
possible because of how the material that replaced the skull interacted with the x-rays differently than
the material that filled the skull. Due to that difference it was possible to actually “remove” that

material from the image without having to do that work on the actual fossil mass.

Statistics

Concept: Error Bars and Range of Error

Example: Targeting of Tumors with error bars that may encompass critical structures that should not
receive radiation.

Explanation: When targeting cancerous tumors with radiation it is important to not expose other non-
cancerous material to doses of radiation that may be harmful. If the range of error is incorporated on
three dimensional graphs depicting the tumor, other sensitive tissue, and the proposed path of the
radiation beam along with it range of error, it is possible to determine if the beam may expose some

other sensitive tissue to damaging doses of radiation.

Food Science

Concept: E-coli and sanitation of food preparation equipment

Example: Use of radiation to eliminate threat of food contamination by bacteria

Explanation: While food sterilization with radiation has been used in various ways world wide, it has
been slow to become widely accepted. This is partially due to the stigma of radiation and also to the
erroneous belief that anything that is exposed to radiation becomes radioactive. As a result, many
people are still unnecessarily exposed to food contaminants that could have been rendered harmless

had the food they consumed been sterilized using radiation.

While this list of examples above is not meant to be exhaustive, it is presented as a starting point to
include nuclear concepts in a much broader portion of the general high school curriculum. For further

discussion or suggestions, please contact the author at the address below.

Rich Mamrano - contact at rmarrano@d155.org

About the Author:

The author has taught a course about nuclear energy at the high school level for 24 years
at Crystal Lake South High School in Crystal Lake Illinois, USA. He also assisted in
rewriting the text/labs used in the course. In addition he has developed a unit about
nuclear medicine within the course using information gathered from various medical
facilities. He has also assisted the Radiological Society Of North America with a program
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to attract high school students to careers in nuclear medicine by presenting sessions for
students at the annual RSNA convention in Chicago, Illinois. These sessions introduce
the students to the basics of nuclear radiation in medicine and allow them to them see
some of the latest medical technologies on display at the convention. The author has also
visited various nuclear facilities and has participated in workshops and professional
meetings within the nuclear community in order to gain a fuller understanding of the
practical applications of nuclear science.
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5.3 Present Status and Future Plans of Web Site “NUCPAL”
For School Education in the Field
of Nuclear Radiation and Energy
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This unfamiliar word, “NUCPAL”is new coined word, which is
combined 'NUCLEAR| and [PAL] ,means the fellows who have common
information source for School Education in the field of Nuclear Radiation and Energy.
This is very actively serving Japanese Web-Site
for internet systems since 2002 .

Under the sponsorship of Ministry of Education, Culture, Sports, Science and
Technology the editorial and maintaining service of JAERO is supervised by the
steering committee consisted of 9 experts from the related several field and also get
more practical support of their sub- committee for editorial job and for teaching
guidance in classroom.

The main subject of this web site is to supply basic knowledge and information as
IT materials for education about energy and environment in essential education, i.e., in
elementary school, in junior high school and in high school. Former two are obligated
to all Japanese children and the last is also accepted by peoples by higher than 95%.

The performance of teaching in the classroom for radiation and nuclear energy
has particular difficulties in handling on experimental
instruments and in visiting real facilities. Therefore such IT way
supports are very useful to promote the education in those field.

We openly collect practical cases for class and the distinguished model examples
selected among a lot of applicants are distributed through web site connection services.
In addition to supplying the educational basic information, the current news in very
wide range are available by the easy link service. The connections are included with
governmental organization activities in both administration and research &
development, also the activities of the universities and academic societies, of various
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association and even industrial activities. Teachers may give very quick responses to
questions from attendants in classroom by showing referred material by electronic
projector through link service.

Following the general tendency of introducing IT tool in educational field, the
kids corner have opened since 2003. For example, student call the term of " Trip to
Seek where electricity comes from, " the sequential game starts from the home electric
tool to arrive the power line through terminal spots, and after several steps finally
arrive the generator.

Such original power sources of electric supply may be alternative in
several way, Hydrodynamic, Oil Burning, Nuclear Energy and Solar Battery, etc. Of
course, they may join the game not only from their class and also from their home by
own internet address. To assist the kids having homework in summer vacation, extra
class room may serve to present the hints to such annoying jobs.

In the future, JAERO hopes to promote the information exchange with teachers
and students as utilities by bilateral way. However it needs a lot of preparation and
consideration on management, and may ask both sides of distinguished enforcement of
human power and of working times before the starting. At present situation, we regret
not to be able to announce the starting date.

JAERO has very wide supporting activities in the school education in the field of
nuclear radiation and energy. In addition to NUCPL service, the following activities
are performed actively.

1. Arrangement of lecturers for school education on energy, radiation, and
environment.

Free charge releasing of Video Tape and DVD for education.

Issuing the text based on latest information (free charge pamphlets)

4. Introducing of typical example of practical cases for class.

W N
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Supply of Worksheet on NUCPAL
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“Trip to Seek Where Electricity Comes From”

The children can be learned where is electricity
generated, and is sent to a home with playing game
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5.4 Awareness and Attitude Survey of Filipino Teachers
And Students in the Secondary School Toward
Nuclear Energy and its Related Issues

Judeza S. PUSE, Takaaki AWATA and Kozo ATOBE

Department of Physics, Naruto University of Education
748 Nakajima Takashima Naruto-cho Naruto Tokushima 772-8502, Japan

The Philippines which is a member of Asia the Pacific Economic Cooperation (APEC),
reflects the educational needs in its newly implemented Basic Education Curriculum of 2002, that is
to develop a strong skills foundation in literacy and numeracy especially in line with science and
technology which is also the call of the civilized society to elevate science and radiation literacy
throughout the world. Research identified that there is a need to upgrade and implement effectively
nuclear science in the Philippines especially in the high school level. To address this problem, the
researcher decided to undergo this study in order to welcome the development that should be made
that is relying on the power of education where the dissemination of nuclear knowledge should be
taught with wisdom and unbiased mass media without hesitation and delay. The findings of the study
have been presented as regard the awareness and trend of attitude of teachers and students towards
nuclear energy in general and its related issues in particular in Philippines, Region-V, Division of
Camarines Norte from the perspective of promoting nuclear science and teacher competence.
Objectives, significance, methodology, results and discussion, conclusions and recommendations are
then presented.

1. INTRODUCTION:

The Philippines is one country 'that has attempted to venture into using nuclear energy for electric
power generation. Its government has created various instrumentalities for the development of nuclear
energy in the country. These include the Philippine Atomic Energy Commission (PAEC) that is known as
the Philippine Nuclear Research Institute (PNRI) and more recently the National Power Steering
Committee (NPSC). The Philippines has even put its own nuclear power plant located in its province of
Bataan, however, because of some technical considerations and political factors including the strong
public opinion against using nuclear energy and operating the nuclear power plant which resulted from
nuclear accidents abroad such as the Three Mile Island Incident of 1979 and the Chernobyl Accident of
1986, the country was never able to harness the potential of nuclear energy for electric generation. Due to
the tremendous electric power outages the country experienced in the late 1980°s and early 1990’s which
resulted from the lack of new power plants to supply the needed electricity, the government, in particular
the Ramos Administration has once again renewed the government’s interest to reconsider once more the
use of nuclear energy in the country to support the Philippines’s effort to industrialize by creating the
(NPSC) that was tasked to examine once more the viability of using nuclear energy [1].

It has been the notion that nuclear technology holds great promise for achjeving education. It also is
a major factor in boosting productivity in the classroom. However, for such to happen, public education
must have the support of the academic community. The schools cannot expect quality education to
happen in a vacuum, but it requires a more meaningful use of nuclear technology that must be tied up
with the refined programs to serve the need of the school and the clients.

1.1 Background of the Study
In the last 15 years, the importance of teachers and students awareness and understanding of

science based nuclear energy and some issues has become realized for many years that the growth of
teachers and students knowledge and understanding science is closely tied up to the personal
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experiences that they have. Their reactions to the importance of nuclear energy may also be related to
their world view depending upon the kind of environment in which they grow up [2]. According to
Cobern (1983) [3], science educators must first try to understand the world as students understand it if
they are to be successful at instructing all students in science.

There are three major sources and levels of obtaining radiation or nuclear education in the
Philippines; the secondary schools, colleges and universities and training courses in nuclear science
and radiation protection offered by government agencies such as the (PNRI) of the Department of
science and Technology (DOST) which is the Regulatory Authority for all matters concerning nuclear
energy, regulating radioactive materials and related applications of ionizing radiation and the
Radiation Health Service (RHS) of the Department of Health which is responsible for regulating x-ray
facilities and radiation which is generated electronically, including non-ionizing radiation [4] .

The main problem of radiation education in the secondary level is that many high school
teachers omit teaching radiation and nuclear topics since they are found in the last chapter of the
textbook and taken up towards the end of the school year [4]. Now, that the Philippine Educational
System has been changed from the restructuring of the 1983 High School Curriculum to 2002 Basic
Education Curriculum (BEC), these topics were shifted into the first chapter of the curriculum guide
for teachers [5]. A lot of teachers confessed that they fail to discuss these topics with their students
and oftentimes it boils down to lack of training of educators in the field of nuclear science and
technology [6]. In addition, vast majority of science teachers do not have the necessary qualifications,
competence and training to teach these topics. In general, the situation in the Philippines is that only
around 20% or even less, depending on the field of science, of high school science teachers are
qualified to teach these subjects. Teachers who are actually teaching Physics are not Physics majors

(4].
1.2 Objectives of the Study

Given the foregoing scenario, the following objectives are then formulated;

a. Determine the awareness of Filipino teachers and students about nuclear energy and its
related issues.

b. Investigate the trend in respondents’ attitude towards nuclear energy and its related issues.

c. Investigate the relationship between the gender of the respondents and their level of support
as to the future of the nuclear power plant.

d. Give Filipino educators a gauge for measuring' what might be included in the future
curriculum to enhance teachers’ competence and upgrade nuclear science in the secondary
level.

1.3 Significance of the Study

The results of this study will serve as a starting point to clear out the negative perception about
anything associated with the word “nuclear” or “radiation” which was previously caused by the
potential catastrophe that could result from nuclear technology as has been demonstrated by the
devastating effects of nuclear radiation resulting from the explosion of nuclear bombs in Hiroshima
and Nagasaki in 1945. Ultimately, the findings will give light and information to the following people;

a. Parents- The fact that more parents have deflected view about nuclear energy and most afraid of
radiation could hardly guide and assist their children in educational development. Thus, the inclusion
of community linkages in the curriculum and the findings of this study may help them reassess their
perceptions and attitude towards nuclear energy.

b. Students- As they are made aware of the importance of the research, the results of this study may
give them a sense of justice that learning the 3 R’s is not sufficient but thinking scientifically to
understand nuclear phenomena is more meaningful and worth telling.
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¢. Teachers-The findings of this study can help them revise, enrich, modify and teach the content with
wisdom to effect improve students attitude and facilitate the acquisition of nuclear knowledge and
development of skills for them to feel the importance of nuclear science in their daily life.

d. School Administrators- Being aware of the positive results of this study, administrators can gain
an insight as to the kind of program that will promote open line communication with the public
permitting a free flow of information about nuclear science and encourage them to take an active
involvement in their decision making process.

e. Curriculum Planners- Science education would be considered as a vital recognition route for the
word nuclear energy and spelling out plans for reforms intended for teacher education component. The
findings may bring hope and inspiration for them since watching the curriculum will develop courses
of action which will be applicable to the areas they are serving thus, elevating the present status of
nuclear science education in the secondary level.

f. Future Researchers- This study would serve as a reference to other researchers to undergo Meta-
Analysis where ideas must emanate out of the actual needs borne out of the previous research results
and on the basis of these ideas, experimenting, packaging and marketing of results will be made
possible to strengthen research development.

2. METHODOLOGY

2.1 Questionnaire Design

Conceptual models of the study were made to arrive at the determination of the questionnaire
design. It consisted of three divisions, the Socio-Demographics, Awareness and Attitude Constructs.
Questions under these sections were then formulated to attain the objectives of the study. Some
revisions were made to questions to achieve greater clarity. In total, respondents were asked 15
questions as regard the topics.

2.2 Sources of Data

As reflected in table 1, the study made use of 65 teachers (science and non-science majors)
teaching at Jose Panganiban National High School, Camarines Norte National High School and D.Q.
Liwag High School respectively. There were 243 student respondents (first year to fourth year)
enrolled during the school year 2003-2004. A total of 308 respondents were the sources of data
comprised in this study.

Table 1

Respondents that comprised the study

Name of School Teachers Students Total
Jose Panganiban

National High School 25 83 108
Camarines Norte

National High School 20 80 100
D.Q. Liwag

High School 20 80 100
Total 65 243 308
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2.3 Survey Analysis

At the completion of the survey administration, all the data were input into Statistical Package
for Social Sciences (SPSS) data file. A series of computer checks were made to ensure that the data
were consistent and suitable for statistical analysis. Questions were cleaned, coded, and summarized
as appropriate as possible. The frequency distribution results of all questions were computed including
the use of Cross tabulation. The reliability of the questionnaire and mean awareness scores of the
respondents were calculated as well. Refining of the coded data was made to arrive at certain
assumptions and testing of hypotheses using Chi-square of independence as statistical tool employed

3. RESULTS AND DISCUSSION

This section contains the graphical and tabular presentations, analysis and interpretation of
data based on the data gathered and simple statistical results.

100 - —
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& 40 2=
§ 20 e ; AERC

0 CoTTS—— r_l s |

Radio Television Others No

Sources of Information (Broadcast)

Fig.1: Comparative analysis between teachers’ and students’ data for
question: “From what source have you heard nuclear energy and
its related issues?”’

It can be noted in Fig.l that television was the first choice of both respondents in hearing
information about nuclear energy and its related issues with a large margin equal to 83% and 75%
respectively. Teacher respondents have chosen among “Others” which comprised of Interpersonal
Communication, Videos and Seminar by 9% and the same choice was made by students as 16%
comprising of Interpersonal Communication, Conference and Lessons from science teachers. For
never heard teacher and student respondents 5% were depicted. Radio ranked the last among the
sources for both respondents. Similar phenomena were shown by both respondents for choosing
Television as a source of broadcast that might be accounted for the existence of educational and
regularly broadcast TV program like “ Sineskwela” for science intended for elementary and high
school students where it coincides with school hours so as for teachers and principals to prepare class
schedule that matches the airing schedule [7], special channels like Discovery and People’s channel
(Channel 13) associated with science links and science activity like live holding of (DOST)
Technology Fair which coincides with the National Technology Month Celebration once a year
provides the public with the necessary information on nuclear developments [8]. Added into it the
highlighting of Atomic Energy Week to make radiation known to many Filipinos giving rise to food
irradiation [9].
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Fig.2: Comparative analysis between teachers’ and students’ data as
to the question: “From what source have you read nuclear energy
and its related issues?”

It can be gleaned from Fig.2 that using printed materials as sources of reading information about
nuclear energy and its related issues, Newspaper ranked the first among other categories by 45% for teachers.
Student respondents preferred “Others” like Primer, Brochures, Textbooks, Encyclopedia and Internet by
40% as their prime considerations and the same category was chosen by teacher respondents by 23%. Thirty
one (31%) of the students rated Newspaper as their second priority. Both respondents selected Magazines,
the third priorities among the given categories by 22% and 18% respectively. A difference of 1% was shown
by the respondents for replying “No”. It can be deduced from the results that teachers can easily subscribe
and read Newspaper at home and in the school library during their vacant periods as their first prefcrence.
Students relied more on reading their Textbooks, Encyclopedia and can easily access to Internet for their
home works, projects and as a sort of recreational activities since computer lessons are included in the school
curriculum [5].

As regard to education, third question under awareness construct was raised as to “When did you learn
nuclear energy and its related issues?” A remarkable result was manifested by the student respondents in
studying nuclear energy and its related issues in the High School for 92% which was not shown in the graph
for practical reason. Small portion studied the topics in their elementary years. These results can be best

explained by the entry points of nuclear topics from first year to fourth year under the newly implemented
curriculum [4] [10] [5].
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Fig.3: Teachers’ data as to the question: “When did you
learn nuclear energy and its related issues?”
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Figure 3 shows a wide range of 55% teacher respondents for not studying nuclear energy. About
31% responded that they had studied these topics in College and around 9% in their High School years. A
more pronounced result for not studying these topics is just an indication that in the Philippines, not all
curricula for a Bachelor of Science College or University degree incorporates nuclear science technology
as one semester course (consisting of 3 units). Although recommended by the Technical Panel of the
Commission on Higher Education (CHED), it is not a requirement but the option of the particular school
to include nuclear science and technology topics as one semester course in some Bachelor of Science
curricula and to cite the University of Sto. Tomas, Manila, a private university offering nuclear science
education [11].

¢ [o]o Jren— — i

%

Teachers Students

Respondents

Fig.4: Comparative analysis between teachers’ and students’ data
for question: “Do you know what radiation is?”

As shown in Fig. 4 almost 90% of the samples were able to manifest that they know radiation and a
small portion replied “No” as 11% for teachers and 8% for student respondents. The positive responses
made by the respondents suggest that in the Philippines the inclusion of nuclear topics in the curriculum
coupled with some teaching strategies which include the use of CONSTEL (Continuing Science Education
for Teachers via Television) video tapes donated by the University of the Philippines in cooperation with
foundation for Upgrading of Standard in Education (FUSE), Science Education Institute (SEI)- (DOST),
University of the Philippines National Institute for Science and Mathematics Education (UP NISMED)
and Department of Education (DepEd) to Science Oriented High Schools [7] and Computer Aided
Instruction (CAI) using video tapes from (DOST) where the objectives are both to strengthen teaching
energy concepts in high school like expensive and dangerous experiments were simulated as in the motion
of charged particles, nuclear reactions and the like were fruitfully carried out [12].
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Fig.5: Comparative analysis between teachers’ and students’ data as
to the question: “Do you know what radioactivity is?”
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Figure 5 presents an affirmative response from student respondents with a difference of 8% over that
of the teacher respondents. Both respondents acknowledged a negative response of 32% and 24%
respectively. Affirmation of the respondents as to the concept of radioactivity can be attributed to the
implementation of 2002 (BEC) where topics on nuclear energy were shifted into the first chapter of the
curriculum guide for teachers so as to give more emphasis on these topics that before could not be taught
thoroughly by some teachers due to insufficient knowledge to dig on the topics and teaching materials to
be utilized for hands on activities [5]. More focused were provided for mental and visual exercises rather
than psychomotor (actual experiments).

80 ' . —
C i ‘
‘ 60
40
20
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Teachers Students
Respondents

Fig.6: Comparative analysis between teachers’ and students’
data as to the question: “How about the difference
between the two?

As can be noted in Fig. 6 both respondents indicated a response less than 50% “Yes” over their
negative responses made. An affirmative response given by the respondents can be best interpreted
theoretically as to their operational definitions and some other related concepts that could easily be
recalled and remembered due to intense conduct of drills and review lessons prior to the presentation of
new lessons.

Follow-up questions were asked from both respondents as to “write anything that radiation and
radioactivity reminds you of” and “illustrate freely your image about nuclear energy if you are familiar
with nuclear power generation”. For radiation, more answers were provided by both respondents as to
“emission and transmission of energy through matter and empty space in a form of electromagnetic
waves” and for radioactivity, as to “spontaneous breakdown of uranium and other elements to provide
invisible radiation in which two separating powers fission and fusion are involved.” Some other concepts
associated with the study of radiation and radioactivity such as x-ray, thermonuclear, heat, alpha, gamma
rays and power generation were also given by the respondents.

First two illustrations as represented by Fig.7 were samples drawn by teacher respondents as to their
image about nuclear energy, simply show the splitting of a massive nucleus into two less massive
fragments which is known as nuclear fission and the different mechanisms that comprised the nuclear
reactor in which energy is generated by a controlled fission reaction [13].
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Fig.7: Sample illustrations drawn by the teacher respondents as to their “image
about nuclear energy.”

Fig.8: Sample illustrations drawn by the student respondents as to their “image
about nuclear energy.”

Figure 8 presents the sample illustrations made by the student respondents. The first picture shows a
thermonuclear reaction which occurs in stars like the sun where energy that is radiated comes from deep
within its core where temperature is high enough to initiate the fusion process. The second diagram
represents the transformation of energy to generate electricity [13].

It can be viewed that both sample respondents have clear perceptions and understanding of nuclear
energy. Although 40% of the total respondents replied that they were familiar with the nuclear power plant
generation, 60% responded oppositely but then, these 122 (40%) respondents have good image about this
topic as shown by the positive results of the illustrations provided.

An in-depth study of the illustrations made by the respondents based from their positive responses

can be used as a representation that the opportunity for nuclear power as a component of the Philippine’s
energy mix can make them believe as economically viable, safe and clean technology [14]
As reflected in Fig. 9, when respondents were asked to answer five questions as to x-ray, natural
radioactivity, greenhouse effect, waste disposal and petition filed by the residents of Bataan against the
construction and operation of power plant, 52% got a score of 4, a score of 5 (perfect score) was reflected
by 25% and combined, 23% got a score at or below 3 for teacher respondents. For student respondents,
17% got a score of 5, a score of 4 was indicated by 39% and combined, and 44% obtained a score at or
below 3. A difference of 8% was demonstrated by teachers over that of the students who received a perfect
score. Respondents who got a score of 4 performed well in the test since a score of 4 is a true score and a
standard deviation equal to the mean (3.7), [15]. Awareness as to the topics might be accounted for their
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Fig. 9: Comparative analysis between teachers’ and students’
data as to “True or False™ test results.

high interest in seeing and hearing information from television just like watching the aggressive mass
media campaign, which resulted in 35 radio interviews, 39 television coverage/interviews and 4 press
conferences spearheaded by (PNRI) and the dissemination of nuclear information packages to 27,580
clients as one of their intensive programs in promoting beneficial uses of nuclear technology. From the
results of the survey conducted, some teacher respondents were able to use the modules written by the
selected PNRI staff associated with slides and transparencies in teaching were also tested and distributed
all over the country for the purpose of strengthening nuclear science in the Philippines [8].

Figures10-12 shows the attitude of the respondents as to their level of interest, confidence and
support towards nuclear energy and its related issues.
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Fig.10: Comparative analysis between teachers’ and students’ data as to
the question: Are you interested in nuclear energy problem such
as nuclear power?”

As depicted in Fig.10 more than 80% of the respondents showed that they were interested in nuclear
energy problem and less than 20% answered contradictory as to the issue. This might be the effect of the
awareness that both the respondents obtained from studying nuclear energy associated with their exposure
to mass information that might be brought about by the implementation of the Philippine Nuclear
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Development Program (PNDP) where each of the member agency such as the Philippine Nuclear
Screening Committee (PNSC), (DOST), and (PNRI) as in one way or another has formulated projects and
activities to support the big task in setting the climate for public acceptance of nuclear option [8].
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Fig.11: Comparative analysis between teachers’ and students’ data as
to the question: “In general, how confident are you that the
authorities responsible for nuclear waste have good system
to deal with it?”

It can be gleaned in Fig.11 that more than 50% of the teacher respondents indicated a negative level
of confidence over those who responded confident as to the matter. In the case of the student respondents,
a difference of 4% was demonstrated by those who rated negatively from those who answered positively.
The negative response given by some teachers might be brought about by a fear deeply rooted due to some
accidents/incidents that happened abroad and to cite, the Chernobyl, Three Mile Island and Nagasaki and
Hiroshima bombings [1].
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Fig.12: Comparative analysis between teachers’ and students’ data as to
the question: “Do you believe that it is inevitable that nuclear
power will be a part of generating mix in the Philippines for the
next few decades?”

A difference of 24% was manifested by the teacher respondents who gave a rating of not support
from those who rated a level of support for the future of nuclear power as presented in Fig.12. In the case
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of the student respondents, 72% behaves positively and 28% negative as to the question. This behavior is
just a manifestation that regardless of the controversy and resistance to nuclear power plant and the less
confidence demonstrated by some teacher respondents; still they believed that nuclear energy has
nevertheless been harnessed in the Philippines in improving food products and other agricultural resources
and in line with diagnosis and treatment of diseases [8].

Further statistical analysis by cross tabulating one attitudinal question as to the level of support with
demographic variable such as gender of teachers and students showed interesting results.

Using Chi-Square test (Continuity Correction), applied for 2 x 2 table for teachers’ data, the
corrected value is 2.47 with an associated significance level of 0.12 with 1 as a degree of freedom, is
larger than the alpha value of 0.05 (5% significance level). The result showed that the gender does not
make any statistical significant difference as to their level of support for the future of nuclear power plant
[16].

Table 2
Chi- Square tests of independence on the relationship between
teachers’ gender and attitudinal level of support for the future
of nuclear power plant.

Degree Asymp.
Value of Sig.(2-sided)
7 Freedom
Continuity \
Correction 2.47 | 1 0.12

The percentage of male supporters was given by 81% and female supporters by 55%. In total, 38%
of the total sample was non supporters and 62% was indicated by supporters as calculated in Gender-
Level of support Cross tabulation.

Using the same test as applied for students’ data, the corrected value is 0.00 with an associated
significance level of 0.99 with a degree of freedom equal to [ is larger than the alpha value of 0.05 (5%
significance level). The result indicates that the attitude as to the level of support does not depend on
gender for 243 student respondents [16].

Table 3
Chi- Square tests of independence on the relationship between
students’ gender and attitudinal level of support for the future
of nuclear power plant.

Value Degree Asymp.
of Sig. (2-sided)
Freedom
Continuity
Corrections 0.00 I 0.99

Male respondents who showed a level of non support was given by 33% and 67% as supporters.
Female supporters were indicated by 66% and 34% for non supporters. In total, 66% of the sample
demonstrated positive behavior and the remaining 34% showed negatively as to the issue as computed
using Cross tabulation.
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4. CONCLUSIONS

Based from the foregoing findings the following conclusions were drawn;

1.

(O8]

Television as a form of broadcast and newspaper as printed media were able to help raise the
awareness of Filipino teachers and students as regard the topics as can be attributed to the
existence of educational TV program/channel associated with the linkages being conducted by
PNRI with the assistance of Science and Technology Institute (STI), in keeping mass media
abreast with nuclear developments through press conferences, TV interviews, dialogue with the
media and press releases of PNRI technical staffs and officials in promoting beneficial uses of
nuclear energy.

Reading Textbook and Encyclopedia and accessing to Internet helped develop students’
awareness as shown by high mean scores. The inclusion of computer subject in the curriculum
made them possible to search for issues and can browse related researches even theses and
dissertations without much effort and report the results in class as a form of home work or project.
Lot of teachers was not able to study nuclear energy for some considerable reasons, but media’s
role in keeping them informed is of utmost a help added into it the use of slides and muiti-media
presentations provided by PNRI.

Both respondents showed good performance in the test as indicated by high mean awareness
scores.

As to the different levels of attitude, both samples were able to behave positively except for the
low level of confidence demonstrated by the teacher respondents that might be accounted for
insufficient technical preparedness of men...natural catastrophe and man made disasters (e.g.
terrorism, economic sabotage) would sound a great danger for them.

Awareness as to the topics would mean an indication of positive attitude.

Gender of both respondents did not show any statistical significant difference on their attitudinal
level of support as to the future of nuclear power plant.

5. RECOMMENDATIONS

On the basis of the conclusions drawn from the study, the following are recommended;

1.

(%]

As shown by the positive results of this study, media’s role should continue to keep diverse
publics intelligently informed and updated by spreading as many articles as relate to nuclear
issues objectively.

Administrators should look into the possibility of having contacts with the technical staffs and
officials of PNRI in coordination with DOST about the different training courses which are
credited for M.S degree program and seminar for high school science teachers on nuclear science
topics and hands on experiments in teaching of Physics, Chemistry and Biology accredited
towards a Master degree, being offered so as to give their subordinates a chance of becoming
confident and competent in teaching nuclear science. Radiation protection training should be
affirmed, reinforced and supported financially by the employer.

Curriculum planners should continue to watch the curriculum by conducting Meta cognition
(Planning, Monitoring, and Evaluating) of outputs in line with nuclear science to probe whether or
not the acquired knowledge and skills were put in good use in improving teachers’ teaching
efficiency.

People from the higher ups should screen the things to be changed carefully, control them
seriously and implement them constructively.

Once equipped with the necessary skills and knowledge about nuclear energy, educators are urged
and encouraged to teach to students not only experimental techniques of radiation but also the
wide implications between science and society at an early age.
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6. Educational tours to PNRI facility should be included in the school program as much as possible.
7. The results of this study can be replicated and validated by conducting a similar research.
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Abstract

Part of goals of general education of physics is to provide students for basic knowledge on radiation.
This includes understanding of both its risks and benefits. Students should know how to protect and
defense from radiation but they should not overwhelm the risk of radiation. Sometimes, students
think that atomic power is so terrible and frightening that they keep away from use of atomic power.
Basic knowledge about risks of radiation will reduce the excessive reaction or anxiety coming from
radiation. It also makes people understand other possible risks and benefits of radiation accompanied
by modern scientific technologies such as nuclear technologies. We believe that the radiation
education is an essential requisite for the peaceful usage of nuclear energy and radiation technology

for the future.
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1) WAEE . OAITI5H 5, 256, 1 (FALFEFH53RES) (1999)
2) RET3F. 5 HREKSE 40, 401,(1967)
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Figure captions
Fig.1. Numbers of academic paper on physics education, on ‘Buturi kyouiku’,published
by Nippon Buturikyouikugakkai, the society of Physics Education of Japan,2000 and
2001.

1 :Information, 2:Mechanics,3:Wave and Frequency, 4:Eelectricity and Magnetism,
5:0ptics, Applied optics, 6:Heat, 7:Solid state, Super conductivity, 8:Fluid dynamics,
9:Modern physics, Radioactivity and radiation, 10:Electronics,laser, 11:How to teach,

syllabus, 12! examination,
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Fig.2 Radioactivity and radiation terms by teachers and students,class A and class B.
Among four sheets of A4 size . paper ther are nuclear terms expressed on the
radioactivity and radiation. 1:radiation, 2:atomic power house, 3:Gy, grey, 4: v -ray, 5:
o -ray, 6radioactive isotope, 7:Sv, sievelt, 8:daughter, 9'nuclear, 10: 8 -ray,
11:neutron, 12:natural radioactive nuclear, 13:radioactivity, 14:disintegration, 15:X-ray,
16:Ci, curie, 17:low dose, 18:radiation exposure, 19radiation treatment, 20:natural
radiation, background, 21:decay, 22:dose.
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Fig.3 Natural yray(u Sv/hr) in the standard room(made of concrete) measured by
the easy hand type scaler,Hakarukun'. We can see the value of each time becomes to the
constant value after 40 minutes.
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Table 1. ’Disintegaration’ or ‘decay’ in general education books for students

Chemistry Book

Author Book Title Publisher Year | Word (limitted)
1| Iso,et a/ Geﬁeral Education Chemistry | Kyougakusha | 1987 | disintegration
2 Inarﬁoto New Chemistry Bunneido 1986 | disintegration
3 | Uchiyama Foundamental Chemistry Kyouritu— shuppan 1991 decay
4 | Sano,et a/ Life Science Chemistry Gakkaishuppancenter | 1990 | disintegration
5 | Asano,et a/ ‘ Chemistry Gakujutsutosho 2002 | disintegration

transition,
6 | Kawaguchi,et a/ Chemistry Ishivakushuppan 1991
decay

disintegration

7 | Shiomi,et a/ University Chemistry I Hirokawashoten 1991 | decay
8 | Nomura, et a/ Fundamental Chemistry Maruzen 2003 | (nothing)
9 | Ohno | Student Chemistry Sannkyoushuppan 2001 | (nothing)
10 | Kojima Foundational Chemistry Kagakudojin 2002 | (nothing)
Pysics Book
Author Book Title Publisher Year | Word (limitted)
1 | Ohtsuki General Education Physics Gakujutsutosho 1988 | decay
2 | Hujishiro New Physics Tokyokyogakusha 2002 | decay,
disintegration
3 | Koide Physics Tokyokyogakusha 2003 | decay
4 | Hara Detailed Physics Tokyokyogakusha 2002 | decay
5 | Hashimoto,et a/ General EducationPhysics Hirokawashoten 1989 | decay
6 | Hayashi, et a/ Medical course Physics Maruzen 2002 | decay
7 | Ishii(Stemheim,et a)) { Life Science Physics Hirokawashoten 1991 | decay
9 | Sunagawa ‘ Feynnman—Physics Iwanamishoten 1979 | (nothing)
10 | Sawada Foundational Physics Kagakudojin 2002 | (nothing)
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5.6 Energy resources for mankind
Considered from the earth evolution

Shin-ichi Ohno and Saburo Shimizu
KEFFT—, THK=K}

Theoretical Radiation Research Laboratory
PR U BRATF ST
Shiratori-dai 12-5, Aoba-ku, Yokohama-shi 227-0054
Tel: 045-981-8752 Fax: 045-981-7950 E-mail: ohno-trlia@01.246.ne.jp

Abstract

KEEZOEAR L EKE AL EEX DL Z LD, HIEKIKEEFN TV AR NVF—&
FELRBLDZENTES, TRDLMERIZAT R AX—10"), 5RO RY AR
EDFFHTZAF—10" ], (kAT FALF— 6X10% 1 2 b0, £IA0bDNEHH
BT AHCHAITRNF—BERBLD LD THIXI0M] Chote, 29 LI 2 4R
HoNTTHL2L9580) X277 L28ET5,

1. Introduction
The amount of energy resources contained in Earth and that we mankind can use in future

can be estimated on the basis of the information given by astrophysical and geochemical
considerations. The kind of resources includes geothermal, nuclear, solar, and fossil energy. We
believe that the results of these considerations, cspecially the method of thinking, may be taken
into curriculum in high schools or introductory courses of university education. In school
education relating to energy and environmental problems we think that it is more important for the
students to learn how to think or estimate and how to solve the problems than to be given any
established knowledge itself from the teachers and reference books or journals. Students are easily
discouraged by teachers who are talking that petroleum will be exhausted in 40 years or that
uranium-235 will be also exhausted unless we develop the nuclear fuel system utilizing
uranium-238 breading. They seem afraid of insufficient energy left when they grow old. In this
report we call the readers attention that the amount of energy resources contained in Earth is
such that the mankind can never exhaust them and that they are waiting to be exploited or for the
time to come when the technology for their utilization is developed. We also pay attention that too
much consumption of energy surely affect the earth environment (heat pollution) — the limit will
be the consumption rate of about 0.1 W/m’ of the earth surface which equals to the heat emission

rate from the earth surface toward the space.

2. Geothermal energy contained in the earth
Geothermal energy contained in the earth can be estimated from the temperature distribution

among the crust, the mantle, and the core each situated at ditferent depth from the surface of the
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earth. (See Fig. 1) Since the formation of Earth at 4.6 G years ago, Earth has experienced
differentiation processes—bombardment of meteorites and comets during 4.6 — 4.0 G years ago
caused the earth surface melted (magma ocean) from which the atmosphere (and also ocean) by
degassing of included gas components was differentiated and simultaneously the core composed of
heavy metals such as iron or nickel was precipitated. The remaining part was further separated
according to the density to form the mantle and the crust. The energy the earth has acquired since

its formation is the thought as:”

7/1//

Atmosphere
N,,0,
5.2 x 10'8kg
RN

200 %

Bombardment of
meteorites and
comets at 4.6—4.0

a0 ™

<
G years ago Y 7%10% kg | ¥Ocean
2 %X 10% kg 1.4 X 10> kg
Crust ,
Atmosphere, 0.028 x10% kg

Ocean

Crust:eg. granites SiO,, AL,O;, K,O
fes _"' Containing K, Th, U

Mantle: eg. olivines

Melted FeO, Fe,0;, MgO, CaO

Core Fe, Ni

Fig. 1 Formation and structure of the earth

(1) Gravitational energy released at formation of Earth (2.8 X 10°* J)
(2) Radiation energy liberated on disintegration of radioactive nuclides (~1 X 10°' J)
(3) Released energy of gravitational contraction (~1 X 10°' )

(4) Phase transition/ chemical reaction of Core material (~1 X 10°! 1))

It is thought that of these energies about 10% each is still stored in Earth. The other energy was
emitted to the space through transport by mantle convection or discontinuous conduction rather
than static thermal conduction. If we assume that thermal emission rate presently being observed
(~0.1 W/m?) has been continued for 4.0 G years long, we have as total energy emission 0.1 J/s m’
X3 X 107(sly) X 46 X 10%(y) X5X 10" m*=7x10% J.

We can make another estimate using the masses and temperatures of the earth components.
The core (2 X 10% kg, 4000 K) is assumed to be composed of 2 X 10* iron ions and electron =2X
10 kg/0.056 kg) X6 X 10%). The thermal energy the core has is thus 2 X (3/2)kgTX2X 10¥ = 1.4
X 10 2X4000X3X2X10% =3.4x10* J Similarly the mantle has the energy of 3.6 X 107 J,
assuming the mantle (4 X 10** kg) being described as Fe,03+Si0; at 2000 K.
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3. Carbon dioxide concentration change in the earth atmosphere

The earth atmospheric components at 4.6 G years ago are thought to be mainly CO,, H,0,
and N,. With times went on for cooling, H,O condensed to form ocean which absorbed CO..
Attention may be paid here to the fact that rain and river water dissolving some metallic ions
contained in the rocks and flowing into ocean caused to absorb the more CO,. CO, concentration
diminished thus to the present value 0.03%. In the course of diminishing, photosynthesis reaction

began to occur about 2.7 G years ago.
CO, + H,0 + photon —> CH,;0 (organic molecules) + O,

The oxygen molecule evolved in the ocean first oxidized the iron ion (Fe*") to precipitate as Fe,O3
and, after the exhaustion of the iron ions, accumulated as oxygen existing in the atmosphere. But
the oxygen could have been accumulated in the atmosphere only when the organic molecules went
under the ground to become fossil. Therefore, we may conclude that the number of fossil organic
molecules equals to the number of oxygen molecules in the atmosphere plus the number of iron
ores in the crust. Here, we may think that roughly speaking the earth has almost equal amount of
iron and magnesium, as seen from Table 1. The solubilities of iron chloride and magnesium
chloride toward water at 20°C are nearly the same, 38.5 and 35.5 respectively. Thus, the
concentration of magnesium (1.3 g/kg see water) in the present ocean (1.4 X 10%! kg) gives the iron

amount in the iron ores in the crust. The oxygen mol number exhausted in this process is 1.3 X 1.4

Table 1 Some elemental abundance in solar system
(Si = 10 63 (Anders and Crevesse, 1989)
Volatile elements listed in the left column went to outer planets while refractory elements in the
right column went to inner planets including the earth. A part of oxygen, however, remained as

metal oxides in inner planets (right column).

Volatile elements Refractory elements
« H 279%1010 « Mg 1.07X%10°¢
« He 2.72x10° + Si 1.00x10°6
« O 238x107 * Fe 9x10°
e (—38x106) —» + Ni 49x10*
« C 101x107 « Al 849x10¢
« Ne 3.44%x10¢ « Ca 6.11x104
« N 313x10¢ «+ K 3770
« Ar 1.01x1053 « Th 0.0335
* Xe 4.7 « U 0.009
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X 10*'/56 and the oxygen mol number in the atmosphere is (= 20% of 5X 10" kg/0.032) 3 10".
Thus, the organic molecule (fossil fuels) under the ground is 6X 10" mol or 0.2X 10" kg. This
gives 6X 10%*J, as the enthalpy change of reaction being 100 kJ/mol.

4. Estimation of uranium and thorium resources from earth formation process >’

Flemental abundance of solar system is obtained from the analysis of emission spectrum of
solar flares and chemical analysis of meteorites.”’ (See Table 1) Of the elements, refractory
elements made the inner planets, such as Venus, Earth, and Mars, while volatile elements flew away
from the sun, thus forming outer planets. Of the mass of Earth 6 X 10** kg, 32 % is made from Fe,
32 % from O, 15 % from Mg, 15 % from Si, and 1.13X 10°% (= 6.78 X 10'® kg) from U, and 2.4
% 10'7 kg from Th. Of the uranium, 0.7 % is U235 which will give 200 MeV (= 3.3X 10" J) of
energy/U235 atom. Likewise, Th232 on reacting with neutron to give U233 is regarded as energy

resource just like U235. Thus, nuclear energy resources in the earth is as follows:

U238: 1.7X 10" %33% 10" 1 =55%10%]
U235:5.5%X10°1X0.7 % =4X10%]
Th232: 2% 10°' J

One should note that in this consideration was not included the nuclear fusion reaction. When

this technology is completed, then the amount of nuclear energy would be tremendous.

5. Solar energy
The photon energy emission rate from the sun is well known as to be 1.4 kW/m” incident

onto the earth surface. As the crust consists of insulators, the energy falling onto Earth is eventually
reflected to the space as infrared radiation. Meanwhile, the energy is absorbed by pertinent
molecules or plants at the surface, adopted to promote biological reactions and to vaporize the see
water, to cause an ocean current or atmospheric winds, and finally is exhausted as thermal energy.
Solar energy, though it is not convenient to use at present because of its low-energy condensed

form, can be used and it is needless to mention that mankind already has started to use it.

6. Energy resources mankind will consume

Biologically mankind consumes energy of 2,000 kcal/day = 8,000 kJ/day while in
modernized society as in USA or Japan mankind consumes hundred times more. If we assume the
world population of 10" (the present population: 6.3 X 10°), total consumption rate is 8 X 108X 10"°
J/day. This rate continuing for 1,000 years, we have as the total mankind consumption 3 X 10** J.

7. Energy consumption rate of mankind and its evolutionary effect on the earth
Table 2 summarizes the amount of several energy resources hitherto discussed together with
the predicted amount of energy mankind will needs and geothermal energy flowing out though

thermal conduction for the convenience of comparison. As we see easily, predicted amount of
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mankind energy consumption is only negligible compared to the energy resources the earth
contains. Of course, different kind of resources has a different degree of easiness or difficulty of
consuming energy. Moreover, the difficulty depends on each country, its economical situation, and

the technical development stage. We do not discuss these problems here.

Table 2 Energy resources contained in the earth and others
Present results together with predicted amount of energy mankind will needs

and geothermal energy flowing away though thermal conduction

Geothermal energy ~10"7
Fossil energy 6X10*J
Solar energy (of 1,000 years) 7X10°]
Nuclear energy (fission only) 10™J

Mankind consumption energy for 1,000 years ~3X10*7

Thermal energy emission rate from the earth ~0.1 W/m*

We discuss next what will be the effect of mankind consumption of energy on the earth
evolution as follows:

(1) Energy resources: Predicted energy consumption of mankind (~3X10** J ) is so small
compared to the total amount of energy contained in the earth (~10°" J ) that we need not
consider the effect.

(2) .Thermal energy emission: Mankind energy consumption rate 8 X 10° X 100(J/person) X
10"(person) = 8 X 10" J/day divided by the total earth surface gives 1.6 X 10* J/day m® = 0.2
W/m2 which comparable or even more than thermal energy emission rate 0.1 W/m®. This
would result in great influence on the earth environment.

(3) Fossil energy: Mankind would consume fossil energy resource in thousand years if they solely
rely on fossil energy as their energy source.

(4) Carbon dioxide and water: Both are known to be a greenhouse effect gas. Water will go to the
ocean, we may worry about carbon dioxide. But the oxygen shortage might be more serious
influence, if we continue to rely on fossil energy.

(5) Radioactive wastes: We draw attention first that nuclear fuel U235 itself is radioactive. Nuclear
power plant consuming one U235 atom produces 1.5 fission fragments and 0.3 Pu . So,
operation of totally 1,000 plants of 1 GW for 1,000 years would consume 3.9 X 10* kg of U235
(half-life 7.5 X 10° y) and 3.9 X 10% kg of U238 (half-life 45X 10° y) and produce 2 X 10° kg of
Pu (halfe-life 2X 10* y) and 6 X 10® kg of MA + fission fragments (halfe-life less than 2X 10%y)
where MA denotes minor actinides such as Np, Am, or Cm. The crust (3X 10% kg) itself
contains U235, U238, Th232, and K40 nearly homogeneously, causing the radiation exposure
of 0.6 mSv/year at the earth surface. Present examination teaches us that operation of nuclear

plants will transform only about 1/10® of U in the crust into radioactive material with short
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life-time. Thus, we can say that radioactive wastes can not influence the earth environment®

8. Conclusion

In the curriculum we propose here, students are supposed to learn first about the formation
process of the solar system and the earth and life evolution through attending the class of geology
and biology and then to learn how to estimate the amount of energy resources, including thermal,
nuclear and fossil energy, from investigation of the earth history. (1) Geothermal energy from the
energy release on mass accretion at the earth formation 46 billion years ago followed by thermal
transport and energy emission from the earth surface. (2) Fossil energy buried in the ground from
the amount of iron ions oxidized in the ocean and the oxygen in the atmosphere. (3) Uranium and
thorium concentration in the crust estimated from elemental abundance of solar system in addition
to elemental distribution inside the earth. (4) Measurement of the solar energy incident to the earth
surface.

When the estimate from these investigations greatly differs from those reference books and
journals give, the students should consult with the class of sociology to study as technical or
economical or international political problems. Furthermore, estimates of the total amount of
energy that the mankind will consume can be done. Assuming that the world population of 10"
each expending 100 times of the energy necessary to live as living things in modernized society for
1,000 years is one such examples. Next to do for the student is to study what effect the
consumption rate of energy will give to the earth environment. Students will learn by themselves
through mutual discussion and from the suggestion the teacher gives that the amount of energy
resources remaining in the earth is large enough so as not to worry about their exhaustion and that,
however, we should pay attention to great influence toward earth environment, as heat emission
accompanied with energy consumption becomes possibly as large as intrinsic thermal emission rate

of the geothermal energy inside the earth.

References

1) Matsui T: Uchuyjin tositeno lkikata, Iwanami Shinsho 839 (2003)

2) Matsui T, et al: Introduction to Earth, Solar System Science I, Iwnami Pub. (1996)

3) Ohno S, Yagi K, Arai H: Radiat. Educat. 5, 41 (2001)

4) Ohno S, Yagi K, Arai H: J. Soc. Atomic Ene Autumn meeting, (Shizuoka) Abstract p.2 (2003)
5) Rikanennpyou, Maruzen (2003)

318 —



JAERI-Conf 2005-001

5.7 Trends Concerning Description of Radiation and Nuclear-Related

Matters in Current Textbooks
Used at Junior and Senior High Schools in Japan
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Abstract
Descriptions on topics concerning radiation and nuclear energy in textbooks

currently used in junior and senior high schools in Japan have been examined and
summarized. As for the textbooks used in junior high schools, both in science studies
and in social (geography/society) studies, the description is unsatisfactory for the
reviewers in the following points: the space describing the radiation and nuclear-related
problems has become considerably reduced than before, and as a general tendency the
demerits of nuclear-related matters are stressed than the merits, while the renewable
energies are much more favorably treated than the actual role.  As for the textbooks
of senior high schools on science studies written based on the new education guidelines,
the present reviewers acknowledge the description has considerably been improved than
before. However, as for those in the fields of social studies, geography/history, etc.,
the situation is similar to the cases of junior high schools described above.  That is,
the description on radiation and nuclear-related matters are generally not sufficient, and
incorrect or unfair views on the value of nuclear energy are sometimes seen, in such a
manner that the demerits of nuclear energy production or anxiety for
radiation/radioactivity and for waste disposal are treated in much space than the merits,
in special reference to the cases of nuclear accidents.
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5.8 Radiation Education in Medical and Co-medical Schools
EEZHEHEICBIT AHEET

Sukehiko KOGA
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Professor Emeritus, Fujita Health University School of Medicine
fiE PR AR R4 S R
4-14-14 Futamuradai, Toyoake City, 4701131 Japan
HIAT —FtH 4-14-14, skkoga@msa.biglobe.ne.ip

Abstract

In the medical field, ionizing radiation is very widely in diagnostic and therapeutic procedures.
Around 60% of environmental radiation, including natural background and man-made sources of
radiation, is caused from medical exposure in Japan. Education of radiation in medical and co-medical
schools are mainly aimed to how effectively use the radiation, and the time shared to fundamental
physics, biology and safety or protection of radiation is not so much.
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5.9 A collaborative effort of medical and educational facilities

for radiation safety training of nurses

R AR & #EFIERRERR O L 2
FlEN AR E LT OREeE O

N aoki Matsuda', Masahiro Yoshida', Hideaki Takao', Mamoru Kaneko', Yukiko Yamaguchi',
Miwa Horikawa', Hatsuko Kobayaslﬁz, Shin-ichi Goto®, Makoto Ochi®, Yutaka Okumura'
FAEME, FEER BESH T, unET mIEm
ANREIF 2, R, BERR Y, AT

ICenter for Frontier Life Sciences, Nagasaki University
2De;:vzslrm‘lent of Nursing, Nagasaki University Hospital
3Department of Radiology, Nagasaki University Hospital
*Nagasaki Kita Hospital
RIS ORISR v 7 — - TA Y b ) VR BRRE
s PN s S e A e NG I L L s

Abstract

The proper understanding of radiation safety by nursing staffs in hospitals are essential
not only for radiation protection of themselves against occupational radiation exposure but for
quality nursing for patients who receive medical radiation exposure. The education program on
radiation in nursing schools in Japan is, however, rather limited, and is insufficient for nurses to
acquire basic knowledge of radiation safety and protection. Therefore, the radiation safety
training of working nurses is quite important. A hospital-based training needs assignment of
radiation technologists and radiologists as instructors, which may result in temporary shortage of
these staffs for patients’ services. ~ Additionally, the equipments and facilities for radiation training
in a hospital might not be satisfactory.

In order to provide an effective education regarding radiation for working nurses, the
radiation safety training course has been conducted for nurses of the university hospital by the
collaboration of medical and educational staffs in Nagasaki University. This course was given for
6 hours in Radioisotope Research Center, a research and education facility for radiation workers
using radioisotopes. The curriculum of this course included basics of radiation, effects of
radiation on human health, procedures in clinical settings for radiation protection and practical
training by using survey meters, which were mainly based on the radiation safety training for
beginners according to the Japanese law conceming radiation safety with a modification to focus
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on medical radiation exposure. This course has been given to approximately 25 nurses in a time,
and held 13 times in May 2000 through October 2003 for 317 nurses overall.

The pre-instruction questionnaire revealed that 60% of nurses felt fears about radiation
when they care patients for radiation diagnosis or therapy, which reduced to less than 15% in the
post-instruction surveillance. The course also motivated nurses to give an answer to patients’
questions about radiation safety as well as to ask radiologists or technologists when they felt any
fears about radiation. In contrast, more than 30% of nurses were aware of neither their exposed
dose obtained from a personal dosimeter nor the maximum dose limit of radiation exposure even
after the course.  These results suggested that medical-educational collaborative training for nurses
were effective on reducing nurses’ fears about radiation by educating proper knowledge of
radiation. In addition, repeated and continuous education would be necessary to establish their
practice for radiation protection.

1. &5

A IR OB 21T O Flhmi Y, Hhh B B OhoN e eI T TREERIE< %
BH<CE & biz, BEOERGI ST AREELT, BEICHT 50 & @8N Tho2ein
22570y, Fio, B /elici i T E DRSS LRI BRI OB ST 5
BN AL AR ETE TN 2 2 LTINS Z LD, FHERIT 2 R
B OOMEE D TR 0, ERRHIRR O CHEHRREE & 24 DI0IR, HErHENERT B O
BREEROWH VI L 12505, [ROIRRE M L OE G i O TR HERRIGAICE
DERIREEEIT O Z LITHREATEEEN 2, — 5, KAECRIT DS e E #E
iE. FNOEEWER Y2 L L TEARICENTEIE S T3, Z0728, #FE
T O G D 7= O ORI E A, HEalsEE b L L T\ 5, £2°T
Fox L, BT IESd R - ARgk A m B8, AR EROEOM L2 5
T EEBRIE LT, FENOERRIRY Ch D RIGRKEETR - Wil . BEMCHEGT
iR o D BRI RFICEA MR AR 7 —DB Nz L v | IEFeE SN TR 5
BB L LT HEEEE 23 TOEENRIIOWT, BRI 2R ZOER,
&R E R OE(NCER LiRET LT

2. Hik
B
e i Table 1. Cuniculum of the training course for nurses.
IR - W) ?
Wﬁaﬁfﬁfg" E%‘EN:F)TE?“ZD Basics of radiation and radioisotopes 30 min
EoEOT. S 400 & 538 Effect of radiation on human body 30 min
Medical and occupdational exposure 45 min
351/\0);(]!-%}: Lf‘—O 1 IE&) Safety handling <:_f7radlolsotopes in medical facllities 25 min
7-0#) 25 oz H#EE IRt Basics of radiation protection - 35 min
= 4 NS Legal regulations 50 min
L% Fﬁg 6 IS = Short exam 30 min
K 12 F£5H4 O 4 Practical training® 120 min

@f’)\ @%ﬁ%zﬁ%ﬁ *To examine the Effect of " shielding" and “distance” on reduction of
AT e radiation dose by using GM survey meter.
BB & —- 7
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BIEMRREORIEESIX 227 4. EE T DRGSR 11. 6% Th o7,

(BEVEEOERAT)

[EEF ORI, ZHRAGHE., S EREL & HIC 30 FREBIUENLIT A2 70%
U bz b7 Fig 1A, i?lfwﬁ PR O EEO H 5 FHENL, SEHAT TR 206 Thho
TeOWxE L, SEli4 Cladky 0% E THML TWe, FoRfRE2RM ORI, X ch-o
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- On the job
st chion

13%

0% 20% 40% 60% 80% 100%

0% 20% 40% 60% B80% J00%

FunerO B30th 040 th Bﬂhh]

F Niscear mesdzcine (thempeseBhermpeatic tsdinlion

W%y dsgnosic # Nuclear medicine (s
L

70%

Fig.1 Background of the respondents.
{A) Ages. {B) Experience of radiafion work. (C) Bxperience of radiation education.
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7z (Fig 1B), F7o. HHMREBETRL. 10%OZHE D EEFERROBEEREZA L QO e—
BT, 1T%DEGREEEETEN o7z Fig. 18),

(HER T D — XA

(A) (B)

Adverse effect an

Cosmic

Health and dijise } n

0O 20 40 60 80 100 0% 20% 40% 60% 80% 100%

cases

Rg.2 Background of the respondents.
(A) Images from radiation’.
(B) Awareness of naturally occuning radiation .

EIEED TR L) BEENLEVEI DT L L LT BMSETHD [EF - BR
DELEN-ST=0, (B, TREE, KAl LWVolmADA A=V TnaE#HELEL R
B Fig 28), F7-. BEHEHBRCEITHES LTHA Z 2 M- TND EE X T-EIL 10%
W FE -7~ (Fig. 2B),

(HHBIHTERE
WD @

0% 50% 1005 0% 50% 1005 0% 50% 100¢

Fig.3 Fears of nurses for radiafion.

(A) Fears by Xray diagnosis.

(B) Fears for sterility by patients care.

(C) Fears for malformation by patients care.
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AR ORIZED
25 40%03, BBEMN OVERALL NO
XEEZIT 50Nt . '

- Ly - | School

7532:;:-%@ LTND & %‘: Experience
Z 7z (Fig. 3A), X BITH of radiation oJT NO
SRR B3RS & edueation
. e none ’ NO
BAE,. BLURTHIRD

RAEIZONT, FHER 0%  20%  40%  40%  80%  100%
19%. 21%0DMEIEE AT Fg.4 Anxiety of nurses for radiation effect in patients care.
EtEHY LERIZE L

{Fig.3B,C) £LTC, =
O ERE LT, B RONBIRRI A O DREDN 8 D & B2 - [AEE T REOK 60%i2D
EY, EOBMIISREEIROF E DO TIUT—EThH o7 Fig 4.

pre-
instruction

0% 50% 100¢ 0% 50% 100¢0% 50% 10C

* p<0.,05, Chi-square test

Fig.5 Effect of education on reduction of nurses' fears for radiation.
(A) Anxiety for radiation effect in patients care.

(B} Consulfing experience with other medical stoffs.

(C) Ability to answer patients’ questions.

(BOHBREEIC L DTREDER - SEEAHE S L O B RRE O

TR DN B DG RREI TR A RER VUSRI 23 HUED, EERTE TED
LB LI BB L, ST EIRHTODDREA R L5 L& X - EE#1Y, e
13 60% TH-T= b DN, ZihE TIL 5% TICE THEIZBD LTV Fig 58), 7I2A%
WBHOTIEAT, EARHEHEATI AR L LE X - EEE b, ST 28%cx L., SH% T
¥ 66%F THEITHML TV Fig 5B), & HI, BENSHSHESRIC OV TERMEZ T
B, B DI LB TEEEEIL. SHRATOL 55%ICEE -7~ Dicxt L, S LI 1005 Th
-7z (Fig. 5C),
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(A) (B)

unrecallable

|

0% 50% 100%

0.1 -0.5mSv under 0.1mSv

Fig.6 Effect of education on radiation safety management.
(A) Attention to exposed doses measured by personal dosimeters.
(B) Glass badge readings.

(o RE T 28k — LHEREEREE)

ST HRE., FOHERNERE L LTEREN T BED I L, T ANy POfER%EHA
FATUND LB X T-[EEETX 66%ICBE -7 Fig. 6A), FERODMAEIZEAL T, 11%DEN
RN E B2 7, 0. InSv PLEOEEZ X - EIEHED 4% EDIE-T-08, EBE DR~
TeBRY TIXZDO X 5 ARIEERIITTRL T, HEPBHRTHLZ LB I h 03T (Fig 6B),
B2 BHOMHMESHEEE L L COESHREBREIZOVWTEM LIZE 25, BHEOKE,

(A) (B) (C)

ImSv/5y unrecallable
16% 16% leress Sy
24%

unrecallable
1oomsv/sy 0%
40%

10mSv/5y 100mSv/5y

10% 5mSv/3m
1% 10mSv/Sy
urirecailabl o
Ok 1 00mSwv /5y
5mSv/3m
5%
100mSv/5y 100mSv/5y
50mSv/y 50mSv/y
9% 41%
male female

Fig.7 Effect of education on radiafion safety management. as evaluated by the memory for
the maximum dose limit.
(A) Mdle. (B) Female {overall). {C) Female issued with glass badges.
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Fig.8 Evaluation of the education course by nurses.
(A) Contents of interest from pre- and post-nstruction questionnaire.
(B) Self-diagnosis of the education effect in radiofion work-expefienced or

non-experienced nurses.
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EE L7, (Fig. 8B),
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(Fig.9),
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post-instruction
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@ Clinical-oriented  ® No interest

Fig.? Preferable contents in the refreshers course.
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5.10 Education of Radiochemistry and Radiation Chemistry

at a College of Medical Technology

SRR [ A T OB SRR L

Takeyoshi Asano
ey e

Former Osaka Prefecture University
AR BT AT K
3-11-18, Onoharanishi, Mino, Osaka, 562-0032 Japan
T562-0032 Eimri/NEFEMA 3-11-18
Abstract:

The present report aims at introducing my creative textbook on the subject. The contents start
from the history of the 20th century on “discovery and use of radiation and radioisotope”. In the
study of the history the students can aware of their position in a future profession as a medical
radiation worker. In addition, own originality for the textbook was shown in the descriptions of 1)
Auger effect of EC decay nuclide used remarkably in nuclear medicine, 2) the relation between
isotope, isotone and isobar and the kind of nuclear reactions, 3) the distinction of the use of isotope
dilution method in substoichiometry and radioimmunoassay, 4) nuclear reactor chemistry (nuclear
fuel cycle and disposal of high level radioactive waste), 5) fundamental constants used in
radioisotope techniques and 6) the exposure dose in taking a side view of the radiation chemistry.

A questionnaire survey after the closing the lesson showed that the students took an interest in

60 % of the contents in the textbook of radiochemistry and radiation chemistry.

1. 8

RATRE - IHFIZET 28 EE. AR, Bl OB NARANEEE T, foHD
BE L7 A% D 2D RANINRAENLETH S, #iL, ZEEFTEARNSM
WNTELLEDIC, BEZFEELTNE RS AW, TOXIREFICL> T, FRIICH
T S AT PRI RN FA R, U < HHEE - BERICET 2MEET 52 ENT
ED, £, BEHERIZHT HIEL WA ERPRY - GEABEZ S - Hilh (o1 —3
a>15 73—, Radiation literacy ) MERIHN 5.

EOBERBRKEEZII G PREREOER (Z2E3 08) T, 3EL EOHME
LTOLERME - Be2 50, EFRABRICAEKR T BRI BER NS %
S5N5, BHRIEBREMT. EMOFEOL LICZTDEEEITTH, EFEAYy IO —BE
LT, eI s, EERREOR> TS, FFiCid, SRR, (2
HBLT, B ANCHTAELWHABREEEZ T2 EbEERRETHD., HfiFEELT
DT, BEHEELTOHbF>TWAE I EMNEEL N,
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JITHL, ZBHEEZEL D DEENEN LY - BEHEHEEOTFF A PO TR
LB DWTHRNT 5,
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THFA L2 O A OHHEE - MFHROREEFHOBELENSHBE D, FHIE, BHIZhH
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RV, THTEE « RO R EMET 5 ST KD, BEREHREER 2 O 9 H 5 OB
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IZDWTIE, - (b2 - By - ERICET A2 &, R EBADOREE (HiRiFE.
P& A8, R CEKRR, /NIESRE, MAZ/AER, g8, WHIES, GEHE. 5
Fet, CRGH, P. K. BEH, fWARER. SEER, NNEEES) 02L&, BUS - =
B TEZELZTEDLRETREKL =,
2. 1. 1. K5 - BERBEORFE O® BT
TR e DR R, AR EEICH L WHEESMA SN EES LN E
TEDOBREDTH o7, BT (7 hL) OBRERTHLEBTCHRTHEMNREA SN, HE
TERVWEVWDIF ) Iy aBICHKT R TELTAMNMTISN T7 A DEENED-S
o LR, ROV, Fa)—KE ST T+—ROUT 4 —5Z&EDET S REK
H. BAOKIEZEES XEDEEEIC DO W TR,
2. 1. 2. YT 7 PLEFEFEMRDHED
- KEF YR T A v aHRFROEANEE
cZa— b OYBENSTA T2 A OYEEAN
B TT7 PALFEFEHEOERE
cBRRORHE RS
2 0 AT, 23 EAERE - FEFEEOKNR LA, AN k-, fimklEikil
MWREEFRICEEESTEREACHAIN T 2. PHETEZT S ICHRSET, U5
CEDBEVWHILEEEOHTD ELTNE DB, BORERERA L., BHENE
EEFTINUEL, 71 o2ad 1 OEGE NS, ERIFNF—DHEHEINTNBZENED
WHRTER, FvXT 4y P atRiTld, 2<OR%E (FAY >, YT 53— R,
TANI 2, FRABS F P40, w07 b, UFbn O, Uyl
F) PEH LU, KE - RECBWTHTFBHOMBEIGES> /2. 712 a¥1. F
I RINAI—, AR VHIZDNTHECIR.
2. 1. 3. BBEORT ¥ H
BT b ADOSE & R ORER
OEFEOBHR - BUHEE - B RN F— BT T FLAOHEEFIA
i, BAOEBETAEREZWE L. THEHOM%E, FREOFAIZ, FRo i
RO, REBISGEEL, B EZAIZITV, REEZAET 2] EFKRLE, 200 % 1T, it
RTHRA D OERFRB K720 o72, 1991F 128, HAW OB KD, T
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HORRIS LR FEOEEDEIA D=2, FHOHZE, EXIMEHRORR TE RSB
LR FYEFEONIE, BEHTROMENEAR, RFARBEOFANEL, FHFE»
BB ES T CE, BT AR EFTFRLRI o7, AMICBEDLLIEREL T, BHHKD
R BOZE, - RO EZRIAIEAR, ~N—— P. Kazuo. 2H, Yu—,7
AN OUVTERIR,

2. 1. 4. BUHR - BEHEEE EoRICmZIE SN

2 0 AT D EHEE - EHROWIZEIL, B3R Z20OHEKICEEEST. AXDERBICK
ERPFEEZLHESLTNS, 2 1HIZIIADBROBERE=DN. HRADIZ61/23000
AN BREHR2500F ANER 2. ANEERVEBYNRELLTESLLTOS ZENTES L
DIT. THEHR - HETEED 2 O tAD ) ZAUTICHER L TIT< A, EA TR SN,

2. 2. EFTHHIN>HEETHEEEERAOT— T 2212 (Auger Effect)

By b7 FAERICIE, 1) KBDER, 2) 14 1HE F—C %8R E). 3)
RFOBEBFHRMENREZEND S,

TR O 47 2 THERMESEEMOER) KDOWTERLZET, K"y b7
NAPIR (RBHE ; 55— R - FyIXx—XPE) 2¥EIT3HN,. 35T, 1) BE,
BRICHMESTHREEE. L TAEU-BEEORKEK (Chemical Fate) 2H35 I &% 2) K
v Y RABIER, BICA—I BB, CXo TLAYNOMT I 252 L1, B
REROBZNZEZHEBFERTZ L TAYUTHS, £, =2 HRITL B 0REAR
., VWAL TR A FTARICEEN, TIAPREL TOFAEADREIRS,

BHEEEERROBREZESL LT, HLEETHEEE 2T 2EHEGOE (724 —51
COERHE3 0 BUA) MNELFHEEINTVWS (1Cr. “Co. #Co. Ga. "Se. Mp.
1257, 18], B0, 15%%h. 24TD.

HEETHBEICBNT, KROETHBICL > TEUEEAZEDS0IZL, M, » -
RIEEDHEBBTNRL ETFTOBRNFEBAD, TOB, LOBRETORDEFDOHEE LI
WF—2ZD, —ERIEBEEXBRELTHRHEINSZ D, RO OFEEXBILES T I F—&L
TALHKEALBOETIIHRNINT, EFRIRINF—2BTEFOANKHENS., £
ORE. BELERFREOLEMNEEZH NS, HHENEBFE2A - BB FE b,
COEIBEEEF—TIMBREND, |

5] OF —D xR Lo THHEINZA - 2B FOIRINF—ARY MIVOHIEE
T > TERLE 5Te OBEHOARY ML, ] E#HLEH O —2 RIS
EBRIEBYORE (V—O BR) KDOWTEETEIEICLD. REBRDEE
EEDLET, Ky M7 FADIRICHET 2HEHBIED 5N S,

125] QA —JcFBICKD, + 1 ENS+4 0D 2Te 14> CEHLT2 Offi) A
ERT %, ROHMTEFOLRNF—I1T0. 1keVh530keV (FHLTH20k
eV) BELS, 125 EH75A3I R BEBRO—) 2HWEA -z RICKETIR
X FORRICET AN D S,

2. 3. ALk - AT - REAERTERISEOME S OBK
BREZBTREPETRORWNS 3DIABL T, FAAHE - RPETH - REEREN
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J. BBY—4 v MR T BFEL DEFINIC X O R - R - REKZHET
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3, #=hEh, B, REARVEPEFEROERERIN TS 2,

A-1 A A+l

Z+1 (p2m)  (d2n) (d, n)
Z (7,m) (d, p)
Z-1 (d, n) (n,p)

x1. ¥—5 vy MEICHT 2L ORI K D FRINE - P& - FEEOAER
IZTZ BRETES. A BEAERREET,

2. 4. (LR EEFCBIT B RAMEFRRMTEOHR

FAAEFRREIE L 9 3 24 (G NNI—) LIk, #ENEoiEE L THWLENTEL,
195 8FEICHABESE RILR%) X, HMELBIAOERIC, RERREEERE
IR, KFEEHHAEY, 0O ENRERD S Z LS. BHENEDOATER
TES, IREYBFRMERNE 288 LE. ¥4 (195 94). R. S. Yo—%id.
AEFEE (BIVEY) OERIC, RRYBFRMEFREICLUZ (5F1L T vE1IE]
ZRELE, IV9F1 L) 7y A BEREZOESICLEKZEREZL., YO—{#Lid/—
NIWVEZEZ2ZE (1977%) Lz, FAEYERMEFREL S OTML/ T vEAE
B, WHEED. BORHREZ D DOBNEAE ORFEERKBICRIA L., S TR
DTSN, EBAWNETH D,
ARUBRAMATFREOBEEEROGE. BHNEEBIA 08 a OBHFEE A . BN
UEBITAOR a EOWBBHFOLBIF DR x DRAVIZIDONT a+x L0AK
WEEHERE m S{EEERNCEBALRIETZ2RE (LRBEOXEEEROKENFL —
M) ZHW. RBED m OBEHEEDN A THERHE aaEsihoeB 14> 0
B x BRRTRDENS,

A,

—h. BRIZBIFEI9FT L/ Ty A EICL24466 B (RIVED) OEESHT
3. AR ECEERNICRINT 28K (RERKZFHAT2HEOHE) NENZD,
{EEICB I B FARYBRAMARRED LD BFHEREIMERTET, #ic, EEdRE (RE

MO—F) NI BHDORIERL TEERMZERD 3.
EXEMB OERIZIE. REBBROZOOEXERINE EBENRBEREZETHIHE (B

1K) DIERCHR—BIA SO USSR ZHA 5 Z ENRELE2> TS %,
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2. 5. ETHk
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2. 5. 1. BRREY1 2N

BB 1 2 VBEE T, BFARENSH 5 M AFEARRESEITI—BIFR 7 — Vi
REIND, RTINS MOH U ZREEREOREIEENZRE3 -4 cmiTd)> T
WEEICIEN L=, BB S > &IV R Lz2nlE BT, Zhs BB
TL. BRATS, (LFOUBETEUEE L NIV EEEWIIA S X TED, 300 A—
MVEDBEWHTICERUNTBZERE>TVWS, LML, BURZETIIHERE
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2. 5. 2. BUNIVEEEREEY G E

1) B RIVEEHEREED O NS

ADB—ANY7=0, BH,. 1 kWOBKRMTERTHELT. 100RFKWORETS
EBNE. 10 0 AANEETES,

BERICETFHRETS > MHETH 4 0FEIZRD., HENS 0 ENERINTNS,

1RIT3%MBETIS>N100 tiEEE->TNS,

1OOAKWOREHRT, 1HICH 25U M3 kg (1EHKLt) Hikahs (1g
D BBY TIMW-Day, 1000kW-Day., OBRER), 83U 0HEZ2D 5 &
30t (1t+0. 03) OBHEUEENNHZ. DED. 3E[TL 00 t DIREIAE
LB,

1tOUS>2NET2E, 1EOBELVNIVEEYH S ABELKICRS.

30 t OMBMEREEYNS 3 0FDEL NIVEEMH S AELEN TS,

BMET25# 2 0E50OKAMRBENNECTNEELT, INXTKE

HoAEEEICHETSZE, 30-25-20=15000K00REYNELK4
O 4ERID 5 5 0 EMEEL 2R T2 W), |
2) A5 AE{LHE

1 t OBRBIBSUEENTELEH S ALK SR, A4 TFyZX5—] &b, [
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H 5 Z LAk O ik

19954, F1EEHOHS ABEE2 8K, 75 ADQMNBTHMNSHIEIN,
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2. 6. BARBENREEZERTIDOHEELER

HEHRICBE T 2 EAEREL T, RO4DOBBVBEETH 5,
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