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ABSTRACT

Like others, Indians too have fear of nuclear radiation, probably because of weaker
systems of proper radiation-education to the sizable illiterates. Even in urban areas,
laboratories are ill equipped and radioactivity-wise practically non-functional. Only
through textbooks, some concepts are introduced and the media and Internet are yet almost
non-influential. Some national institutes (DAE Labs.) and a few universities including ours
are involved in research and teaching. National associations (INS, IANCAS) voluntarily
organize workshops, symposia, practicals for the teachers/students and informative
speeches for all. Syllabus emphasizing experiments for the age group 14-17 years is
proposed and implementation-methodology is discussed.

INTRODUCTION

The pioneering efforts by Jamshedji Tata for promoting science and technology
education in India resulted in establishing the Institute of Science, Bangalore. Dr. Homi J.
Bhabha, a student of this Institute, lead the foundation stone of Tata Institute of
Fundamental Research (TIFR) and then the Atomic Energy Establishment (1948). It was
Bhabha's vision and inspiration that put India on the nuclear energy map and lead her
towards peaceful uses of nuclear energy; since India possess limited amount of fossil fuels
and irregular hydropower sources, promoting nuclear energy programs as an alternative
had been a must. The well-planned foundation and systematic growth of nuclear
technology became a trendsetter for many high technologies in India.

In order to achieve quicker technological progress after the independence (1947)
certain important areas were emphasized, nuclear technology obviously remaining on
priority. The nuclear power corporation is now in a position to plan setting up 17 more
plants by the year 2020 to raise the total installed capacity to 20,000 MW. This has placed
considerable demands on advanced material technologies and the spin-off from nuclear
achievements could form the basis of the emergence of certain major industries. To support
this, the DAE Training Division will have to expand its program still further producing
skilled specialists. Concurrently, in order to sustain the impact of technological growth in
India, radiation education system has to take firm roots in the entire nation. Besides
nuclear energy, India has made significant growth in the radioisotope production.
Diagnostic and therapeutic facilities utilizing isotopes have become essential all over the
country to treat cancer; however, these are available only in a few specialized institutions.
There are 120 cobalt-60 units in the country and it is estimated that for every one million
people at least one unit is required; that means the present need is of about 1000 Cobalt-60
units. To generate and sustain such rapid growth, the requirements of the nuclear materials
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and correspondingly the need for solutions to the related environmental problems will
increase and accordingly the burden on the education systems; producing specialists in all
streams, educating the entire society.

EDUCATION- BACKGROUND

Education is the training of mind, brain and character, developing requisite abilities,
attitude, knowledge, interests, skill, understanding and values in a person to enable him
make worthwhile contribution to human welfare. Enthusiastic minds of the younger
generation need to be well familiar with the world around and the vast strides of its
scientific and technological developments. Very soon the Indian population will cross the
one billion mark and at present, half the illiterates of the world live in India. A
considerable fraction of the society is striving for mere survival and resides mainly in the
rural areas. Because of poor attention given to education during the past 50 years of
independence, benefits achieved through the technological development have not
percolated to the weaker/poor sections. Besides, since the medium of instruction for
science and technology courses is English and because the number of English medium
schools is much smaller in comparison with the regional language-schools even in the
urban areas, these courses are out of reach of the rural Indians.

In spite of the above, India has a large number of higher education institutions.
There are over 225 central, state and deemed to be universities and more than 8000
affiliated and autonomous colleges. The number of teachers is 300,000 and the student
strength is eight million, which is going up at a rate of 4.5% per annum. As per the
government statistics, in the year 1990-91 the number of pupils in the age group 6-11 was
10 million, in the group 11-14, it was 33.3 million, in the group 14-17 it was 20.9 million
and at the university stage (age: 18+ years) studying in arts, science and commerce
faculties alone was 4.4 million. The complexity exists because of the population spread in
urban, semi-urban, rural and remote areas, use of regional languages for teaching and a
diverse socio-economic-geographical background. Even though the financial input in
higher education has increased almost 10 times in the last five decades, there is a resource
crunch and most of the money nowadays is going for keeping the system running rather
than initiation of new programs. It is no wonder then that India has widely varying
academic standards and the technology education still remains to be a negligible fraction of
the traditional education.

THE 'FEAR' PROBLEM

Nuclear energy is significant since it is going to be the major source of energy to
remain after the first half of the 21st century. Radiation education, therefore, must be
brought into regular curriculum of high school level and its futuristic growth and benefits
should be stressed with positive attitude. On the other hand the impact of 200,000 human
kills at one stroke in the year 1945 is so strong that even today its effects are persistently
felt and revealed in the writings by educationists, politicians and many others. Years ago
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the present Indian Prime Minister, Mr. A.B. Vajpayee, expressed his utter disheartening
through the poem (translated by us) as :

'.....Did they feel at least for a moment
That whatever has happened
Is not at all good for the mankind?
If they feel so, then the time will not punish them;
But if they do not, history will never forgive them.'

The fear developed in the hearts of Indians is so deep-rooted that it explodes out wherever
possible. A chapter from a voluminous book written by Indians on medicine is with the
title, 'Nuclear Hazards'; and the benefits of radiation are also included under the same
heading! Professional text book writers for the high school students emphasize:

'Pollution due to radiation is a dangerous pollution of modern times. The ultraviolet
rays, x- rays beta rays and more penetrating gamma rays are more and more hazardous to
the body. They show adverse effects on cell growth and interfere with the genetic
constitution and metabolic activities. The harmful radioactive waste is a great problem.'

PRESENT RADIATION SYLABI

Although there has been an increasing trend of nuclear energy production and of
application of nuclear radiation in our day-to-day life, the spread of its scientific /
technological knowledge among the Indian masses is extremely poor. The authors fear that
there is always a limit to the gap between technological development of the society and the
knowledge received by the society about the development. When the gap widens further,
no longer being able to sustain the pressure, the society may develop enmity with that
technology, howsoever beneficial it may be! And as per the university set up the existing
nuclear - radiation courses on the whole are only theoretical, students do not find
opportunity to even observe demonstrated experiments. Only a handful of Indian
universities in the disciplines like chemistry, biology, medicine or engineering teach and
do research in the radiation field. In physics, this number is sizable; however, practically
none of these disciplines offer a rigorous laboratory course. Lab-work is, as if, a part of an
outcome of pure science! On the other hand, the courses conducted in BARC are
vocational. An urgent need appears to diversify the 'single track' education of the pure
academic type and to bring down such courses to the teenagers so that vocationalization of
nuclear and radiation education spreads. Such training would be related to productivity,
preparation of individuals for jobs and employment potentiality, broadening of horizon,
dignity of labor and more importantly, a maximum utilization of the material and human
resources in the country.

Wherever delivered lectures in the universities and colleges we always asked
questions like, how does the radioactivity appear in the environment?, what is natural
radioactivity?, how to generate nuclear energy?, what is its importance?, what is the role of
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radioactivity in human activities ?, etc. To our surprise almost none of the students and
even very few teachers from the refresher courses had just partial information! On the
contrary, most of them expressed their fear about the past and present nuclear bombs,
Chernobyl accident, radiation hazards, and so on. This clearly indicated that availability of
knowledge at all levels, school, college or even at the university is insufficient. Looking at
the syllabus that is framed for the age group 14-17 years, one finds some topics on
radiation education; however, these are largely unrelated to the questions arising in the
minds of students of that age group. For example, the children in the age group 14-15
years, the syllabus in Maharashtra State contains alpha, beta, gamma radiation and their
properties, radioactive transformations, cathode and x-rays-properties and uses, radiation-
pollution, etc. While for the group 15-17 years, the prescribed topics are nuclear structure:
size and properties, energy levels- magnetism and shape; radioactivity, decay kinetics,
determination of age of a sample, artificial radioactivity, isotope applications, binding
energy, nuclear reactions: fission and fusion, carbon-nitrogen and solar energy cycles, etc.

The science syllabi for the age group 14-17 years thus include only one or two chapters
on radiation in the whole science course, particularly related to physics and chemistry.
Syllabi for higher levels are mainly based on English medium books written by foreign
authors. Not many eminent scientists or university professors have written textbooks for
the radiation course for these children. Situation is still worse regarding practicals; no
experiment is performed in the laboratories. At all levels including the post- graduate one,
nuclear-radiation chemistry/ physics courses and the courses like radiation biology or
applied nuclear physics remain as theory courses. Hardly one/two practicals are conducted
in a few institutions at the M.Sc. or rarely at the B.Sc. level. This is the real drawback in
the present education system in India. Further, very large section of even urban population
is deprived of any sort of vocational training. Radiation-training courses should evolve and
spread into the university system. At present there are no such vocational training systems
except one, which is run very effectively at the BARC.

In the existing teaching and research programs of the universities, instead of expansion,
retrogation is going on; taking and example of chemistry, the established research groups
present in some 7-8 institutions are rapidly shrinking their contribution and influence on
the society is correspondingly getting diminished. There is an urgent need to revert this
situation giving substantial support to the development of radiation-teaching/research in
the universities.

PROPOSED SYLLABUS

One must be clear in mind that energy from the nucleus has to be harnessed to sustain the
modern way of living. Energy crises are at the horizon; in the later part of the 21st century
these are going to be severe and as the situation stands today there does not appear to be
any alternative to obtain energy from the nucleus. With further advancement in technology,
more and more attention will have to be paid for minimizing the outcome of artificial
radiation in the human environment. Already efforts have gone in extensively in this
endeavor. It becomes imperative, therefore, to introduce radiation education that highlights
such efforts, and the achievements made all over the world in an unbiased way. Education
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must also include radiation environment nature has created for us. Everybody must be
aware that the world he lives in, since and prior to the days of Adam and Eve, is full of
natural radioactivity. Not only that, all of us are bombarded by cosmic radiation from outer
space but also that our bodies contain radioactive polonium and radium in our bones; our
muscles contain radioactive carbon, radioactive potassium; radioactive noble gases and
radioactive tritium exist in our lungs, and so on. Thus the natural and artificial substances
we eat and drink each day irradiate us from within. The authors would like to stress that
this aspect should be introduced and exemplified to the school going children. There is a
paramount need to create consciousness of the environment, permeating all ages and all
sections of the society, beginning with the childhood. Education should not be monopoly
of university, school or any advanced laboratory, nor it is a time-bound learning
experience. It is a way of life, a long way of life. Specifically in the Indian context,
education has to compete with the 21st century problems of explosion of population,
poverty and illiteracy, hurdles of language barrier, of caste, class, regional imbalance, and
so on. It needs to prepare the entire society to bear and sustain the impacts of modern
technology which includes the nuclear one.

Based on emphasis to natural radioactivity in the environment and considering the
enormous growing energy needs, fast depletion of the conventional energy sources,
innumerable applications of radioisotopes and great efforts being put in and already
achieved success in the safety aspects, the following syllabus is proposed for teenagers
(14-17 years), to be spread over 3 years of schooling.

A. Applied Oriented Topics

1. What is radioactivity: radioactivity in the environment, cosmic rays, and
radioactivity in our bodies; uranium, thorium nuclei and their daughters in nature

2. Discovery and epoch making historical inventions
3. How the radioactivity is detected and estimated: elementary concepts of GM and

scintillation counters
4. Fission of nuclei: how energy releases (E=mc2), depleting conventional sources and

the need of harnessing nuclear energy, conversion into electrical energy
5. Radiation generated for human prosperity against radiation in the environment
6. Radiation effects on cells: maximum permissible doses,

radiation safety, radiation protection-physical and biological scavengers
7. Radioisotope production in reactors
8. Applications of radioisotopes in:

a. Agriculture
b. Pest control: food preservation
c. Medical: diagnosis and treatment
d. Industry and related problems
e. Production of new polymers, etc.
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B. Theory Topics

1. Radioactivity: decay kinetics, radioactive elements, parent-daughter decay-growth
relationships, alpha decay, and nuclear de-excitation, counting errors

2. Interaction of radiation with matter, units of measuring radiation dose , dosimetry,
radiolysis water: free radicals ,time scale

3. Typical reactions involved in the preparation of radioisotopes
4. Analytical methods, age determinations, etc.
(Numerical problems should be solved.)

C. Laboratory Experiments

1. Determination of background radiation using GM detector/survey meter
2. Stopping beta's by Al foil, Emax of beta particles
3. Half-thickness stopping gammas by Pb and Cu foils
4. Application of thin film detector
5. Liquid GM counter: daughter separation and ti/2 determination (uranium series)
6. 40K activity: 4OKC1,40KClO3 and NaCl from Lab.
7. Dosimeter: Fe+2 --> Fe+3

8. G-value determination: (CHCl3)-> HC1 measurement
9. Polymerization by radiation (viscometer)
10. Measurement of activity in pitchblend
11. Photoprint-Becquerel's Expt.
12. Demonstration: high activity near volcanic springs-survey meter

Dry Experiments

13. 14C disintegration per day in the body muscles
14. 40K dis./day in muscles
15. 222Rn inhalation, disintegration per day
16. 226Ra and Po dis/day in bones
17. Counting error: concept of statistics
18. Average radioactivity dis/day in a human cell
19. Video demonstration of all the above experiments
20. Film shows projecting significance of the pioneering contributions

(Experimentation Center / Mobile Lab. / Museum, etc. may be developed as a common
facility for all the schools in a city. Such centers need to be funded by the DAE and also
may be donated instruments in working order.)

The above syllabus is proposed only in the form of guidelines. Further details will
have to be worked out by senior radiation scientists from different disciplines at various
levels. Also, they need to write standard textbooks, teachers' guides, etc. in English and the
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regional languages. It is to be realized that merely introducing good, balanced syllabus will
not serve the purpose. Bookish knowledge on radiation would lack in providing skill and
also scientific attitude. The system needs to be revolutionized and for that one has to begin
with the teacher education programs. The philosophy is that once a teacher knows the goal
and approach, intuitively develops the required skill to propogate and the whole society
then assimilates the knowledge automatically. A sound program for teachers, therefore, is
essential for the qualitative improvement and expansion of radiation education.
Globalization of radiation education also must be considered in the long run. The end of
the present century should mark the end of a uniform education policy by introducing a
variety of programs to suit the aptitude, ability and availability of students at all levels.
These challenges can be met only through the dedicated teachers. Without sacrifice by this
community, nothing can be created, evolved or achieved. The preference by youngsters for
moneymaking and luxury oriented education needs to be transformed and hence it has
become an absolute need of the day that teachers inculcate devotion academic approach
emphasizing on sacrifice, co-existence and citizenship of the world community.

EFFORTS BY VARIOUS ORGANIZATIONS

The small but concrete role being played by of various Indian associations concerning
the field of radiation is worth mentioning in the context of education. These have been
organizing symposia, workshops including practical courses, informative talks and
discussions all over the country; also publish radiation-oriented literature and regularly
bring out bulletins. Various programs are being executed by the Indian Association of
Nuclear Chemists and Allied Scientists and the Indian Nuclear Society. Over 2,000 life
members coming from different disciplines ranging from basic sciences to reactor
engineering to biology to medicine, are the member of the INS. As we recollect, 10 years
ago the first IANCAS workshop was held in our University for seven days and attended by
over 50 university teachers. Total 8 instructors who came at their personal travel
expenditure taking privilege leave, worked day and night to set 8-10 laboratory
experiments. The overwhelming success and the wholehearted voluntary participation by
the teachers gave tremendous impetus to this activity since then. During the past 2-3 years,
the activity entered the high school streams as well, adopting regional language as the
medium of instruction. Over thirty, 'One-day lecture-cum-demonstration' programs for
school children were conducted and attended by over 3000 students and 150
schoolteachers. Authors of this article also have visited on their own and lectured several
times before a large number of teacher and student audiences at various levels in different
institutions across the country. During the past ten years INS conducted over 50
seminars/lectures while over the period of three years IANCAS carried out rigorous two-
week workshops for university teachers at 15 different locations in the country.
Nevertheless, this is certainly not enough; wholehearted support and efforts by many are
required to reach the desired goal. It all needs solid foundation of personal sacrifice as
well, time-wise, energy-wise, even money-wise, if necessary. Such efforts should be
supported by the media. The Information Technology Center in Pune University has
planned to start link up a number of institutions in and around. This project is developing
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in collaboration with some foreign universities and the Internet will soon link all the
universities, colleges, schools and research organizations in India.

CONCLUSION

If the human race desires to enjoy the enormous source of nuclear energy all
through the future centuries, then it needs to put in integrated efforts towards abandoning
the existing deadly nuclear weapons. These are the major cause of keeping alive the deep-
rooted fear into the minds of the innocent world-community. To eliminate fear, there is a
great need of applying will, courage and efforts for the implementation of appropriate
radiation-education programs all over the world. Indians are indeed in the stage of effective
execution in this context one may recollect what Rabindranath Tagore (NL) had
emphasized half a century ago,' A man shall be incomplete till he has not learnt to put his
hand and mind to good and efficient purpose.'
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