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Abstract: The operation of nuclear power plants and the related environmental sentiments
make basic nuclear education to a precondition of modern democratic decision making.
Nuclear chapters of the curriculum used to treat the topics in historical and descriptive,
thus less convincing way. The question arises: how to offer nuclear literacy to the youth
in general, to show its empirical aspects and relevance to citizens.

Introduction
In traditional physics text books the nuclear chapter introduces the discovery of ra-

dioactivity with historic sentences, bearded pictures and with the well-known figure where
n goes loft, ft goes right and 7 goes straight forward. The poor students, learning these
things may ask: "How should I decide for or against nuclear power if I know a goes left
or if I know when Rutherford was born?"

In Hungary nuclear power has been used since erly 1980's. Therefore in the National
Curriculum nuclear physics has been focused at nuclear power as well. In Hungary we
try to teach nuclear physics based upon the binding energy of nuclei, or even more based
upon the changes of the energy of nuclei. In this structure nuclear physics consists of three
chapters in the school book:

I. Experimental discovery of nuclei and neutron (Rutherford's, Chadwick's,
etc., experiments by computer simulation)

II. The experienced short range of nuclear forces and the constant density
of nuclei lead to the droplet model for heavy nuclei (mapping the energy
valley: energy per nucleons versus the number of neutron and of protons)

III. Applications of the droplet model (radioactivity as "cooling" of nuclei,
fusion, fission; natural and artificial radiations, health effects, reactors,
power plants, bombs)

To create nuclear literacy needs a good curriculum for schools. But it needs also
something more: school experiments and students' experiences. How to introduce nuclear
literacy as not a remote tale but relevant to people? This paper tells you a real story
happened with Hungarian pupils and students and their parents and grandparents and
other relatives.

First Step

Nuclei don't age, their decay is as random as traffic accidents. Tell your students to
stand up asking them to throw a coin every time when you clapp. Who get numbers have
to sit down again. Count the people standing after each clap. By this simple game you



can simulate the randomness of radioactive decays to introduce the half life time (or better
the halving time).

In the 80-es it was easy to buy vodka, bedsheets and guns from the Soviet soldiers
in Hungary. Even Geiger tubes were very cheap. For the tubes my students built the
electronic counter. From 1982 more and more Hungarian schools owned simple Geiger
counters, many of them connected to a very simple school computer. Once upon a time
there was a country (G.D.R.) what produced cheap isotope generators for schools: it was
just a small plastic pill containing 137Cs. (It is a direct product of fission, one of the
cheapest radioactive isotopes.) From this pill one can extract 137Ba (the daughter element
of 137Cs after a /?-decay) easily by simple basic solution. The 137Ba has a short half life
time of 2.5 minute with 7-decay. So it was an ideal tool to demonstrate the half-life time
during a lesson period. Voila: The decay followed the coins' law, halving and halving with
some superimposed fluctuations. Of course, before or after the measurement of 137Ba
activity the teachers had to measure the radiation background in the classroom. It was a
good opportunity to speak about the presence of radiation everywhere in nature.

In Hungary the nuclear chapter is taught usually in grade 12, in March. On a sunny-
windy morning in the Spring of 1986 I took the small Geiger counter and the Sinclair
Spectrum computer and brought them to the class. The experiment went well. The stu-
dents were enthusiastic, listening to the clicks. The background radiation of that beautiful
morning was 40 counts in a minute. - The nuclear chapter was over, students begun to
prepare themselves for maturity exam: numerical problems, paper, pencil.

Second Step

Early morning on Tuesday, 29 April 1986 all of my students waited for my arrival at
the science lab. They demanded: "Please, let's measure the background again!" I did not
listen to the radio that morning, I did not understand their reason for asking: announcing
the arrival of the "radoactive cloud" from Chernobyl. But it took only two minutes to
prepare the equipment, and we measured the background again. The students went crazy
when they read 120 counts in a minute! - "Three times higher! Let's open the window! Let
more radiactivity come in!" - But the activity of the fresh air was only 36 counts/minute.

Today I already know the reason: the lab was not used in the last four days. Closed
windows, closed doors. Radon gas from uranium containing bricks of the walls was able
to leak out, it's concentration together with its 7- and ^-active daughters climbed higher
than normal in the unventillated room. But in those Chernobyl days I forgot this.

The Hungarian physics teachers should be proud of the smallness of the impact caused
by Chernobyl in Hungary. Many students, alumni and parents came to the schools those
days, not only to ask about the opinion of their physics teachers, but also to see whether
the Geiger counter showed any contamination on lettuce leaves, spinach, shoes soles, or
other surfaces. Many of my sudents and I too lived on a very healthy diet that time: we
had learnt from our experiments that the fallout of Chernobyl can be washed off with
water from the surface of the vegetables.

In those months of 1986 the number of artificial abortions went up by thousands in
several European countries. Not so in Hungary! Some months later healthy, nice babies
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were born to the former students of the Hungarian physics teachers. This is a kind of
nuclear literacy in the most vital sense.

The measurement of the soil raioactivity after Chernobyl was very interesting for three
years. But slowly the fallout decayed, it was not so interesting any longer, Chernobyl was
not a news any more.

Third Step

In 1989 I read a short article in the of 29 September issue of Newsweek. It was about
radon in homes.

I have learnt at the Budapest University that by using a vacuum cleaner one can
collect dust from the air on a layer of medical gauze. If there are any radioactive particles
in the air, they stick to the dust, and with the help of a Geiger counter one can detect some
surplus decays on the gauze. I did not believe that our simple Russian Geiger tube and
home made electronics would be able to show any result but tried it together with some
of my students. We closed the windows of a lab for a day. Next morning, on 5 October we
took a sample from the air of the lab by a vacuum cleaner. The background on the clean
gauze was 200 counts/5 minutes. The dirty gauze (after 30 minutes of sipping) showed
7200 counts in the first 5 minutes. We measured the sample five by five minutes through
4 hours. And a beautiful decay curve came out with forty minutes half life time. But
students have inquiring minds!

We took a sample on the same day at noon time from the open window, from the
fresh air. In the first five minutes there were 2100 counts on the gauze. The students were
satisfied, I was satisfied: our hypothesis about the uranium rich brick was verified. But in
October the students learnt about statistical physics, so an idea was born in their mind:
the radon has high molecular mass, thus according to the barometric formula much more
radon should be present in the basement of the school.

Next morning they came earlier again. They took the dust sample from the air of
the basement: 12 800 counts in the first five minutes! Happiness, satisfaction. But luckily
there are students every time who doubt. "Just for checking, we should take a sample
again in the window ... " It was done. And a new surprize came: 6900 counts in the first
five minutes. Why it is so high in the fresh air? We checked the Geiger counter, we had a
huge discussion, and at the end one of the students called the Meteorological Institute by
phone. They said: no power plant exploded, nothing interesting happened since yesterday
only the air pressure went down. This was the reason why more radon was sucked out
from the wall, came up from the soil. And this was enough for my students to propose a
new venture.

Dozens of students organized a radon monitoring team in the school. They measured
the radon concentration and the meteorological data day by day. They even wanted to
know what happens at night. Once they organized a four day survey (day and night) taking
sample every hour. (Imagine their poor teacher! 96 hours without sleeping.) Spring time
they repeated the day and night experiments through 8 days. Fortunately next year a small
group of students invented an automatic system for the day and night measurements. That
year was easier for their teacher.
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FVom the two years measurement of these the students learned a lot. They were willing
to learn nuclear physics earlier than required by the school curricula, just because they
wanted to join the radon group. They were happy when they discovered that the radon
concentration climbed after 11 hours of rapid pressure drops. They discovered the early
morning peaks, the role of wind, cloud, fog and smog, even the influence of the,weekend
traffic pollution.

Later on some of the Hungarian high schools created a network on radon monitoring.
We organized students' conferences where each school reported their work. One of the
schools examined the building materials, another one the soil activity around their school,
another the radon concentration in the water supply. One student team found correlation
between the earth quakes and the radon peaks in their school basement. A country school
discovered a jump in radon concentration upwards after technicians used bottled gas for
welding. In the schools the morning resultg was pinned on the wall of the school corridor
everyday. The students spoke about radiation, they were familiar with radioactivity in
their school, sometimes in their home. They have learnt to live toghether with natural
radioactivity - experiencing it every day. This was also a kind of nuclear literacy. And it
was not in an emergency, it did not required bombs or Chernobyl. It's just Nature around
us.

Fourth Step

At the end of the nuclear chapter of the Hungarian secondary school physics we give
a questionaire to the students to estimate their own radiation dose.

Calculate your radiation dose/year!

Cosmic rays at sea level 0.30 mSv
+0.015 mSv/100 m up mSv

If your home made of
wood: +0.35 mSv
conrete: +0.5 mSv
brick: +0.75 mSv
stone: +0.7 mSv mSv

FVom the ground 0.50 mSv
FVom food, drink 0.25 mSv
FVom air 0.20 mSv
Flight: 0.004 mSv/ 100 km mSv
Color tv: 0.02/hour/day mSv
Medical X-ray

arm-leg: 3.00 mSv
lung: 1.00 mSv
stomach: 3.00 mSv
tooth: 0.20 mSv mSv

Nuclear plants
1 hour/day at the plant: 0.002 mSv
1 hour/day 2 km far from the plant: 0.0002 mSv
1 hour/day 10 km far from the plant: 0.00002 mSv

mSv
SUM: mSv



Usually my students' sum is about 1.5 - 2.0 mSv/year without the medical X-ray.
(The average extra dose in Hungary in 1986/87 because of Chernobyl was less then 0.5
mSv.)

Prom the dose sheet you can see that the two third of the natural radiation is generated
by radon and its daughters. Creating this sheet I used the data given in other countries.
In Hungary we had a very poor statistics on radon. The so called average Hungarian radon
activity concentration was calculated from surveying 122 houses, and it has been given 55
Bq/m3. (1 Bq/m3 means 1 decay per second in a cubic meter.) The a-radiation of radon
but mainly the a-, (3- and 7-radiation of the radon daughters effect our biochemistry.
Most of the sources say that living in a place of 40 Bq/m3 during a year means 1 mSv
dose in average.

Fifth Step

Like many countries all over the World, Hungary is now learning to be a democracy.
One year after the free elections (1992) two old women complained to the mayor of

a North*East Hungarian village: they had difficulties with breathing in their bedrooms.
Their home was flooded with carbondioxide of natural origin coming from the soil. The
mayor - elected by an 80 % majority of the village - declared an emergency situation in the
two houses, asked for the help of the Member of the Parliament representing the region,
and alerted both the Civil Defence and the Government Health Office. Within a month
the government gave the equivalent of 100 thousand US Dollars to the village for survey
and mitigation operations from the National Catastrophe Fund. An Operating Committee
was created to co-ordinate the work of 33 different institutes. Research was done in a small
part of the village showing the CO2 exhalation, the foundations of the two houses were
reconstructed in nine months at a cost equal to the value of the farmer houses themselves.
A happy ending, isn't it? - But where is any democracy in this story? Breathing problems
due to carbondioxide can be recognized even by dictators, and if they have enough money
available to solve the problem in this way they can even show spectacular results. People's
gratitude will be garanteed.

In this village not only carbondioxide but also radon enters the houses. In many
countries there are laws setting a limit for radon concentration in homes, this limit varies
from 150 to 400 Bq/m3 from country to country. Experts agree that living in a house having
a concentration 400 Bq/m3 through a year is equivalent to receiving a 10 millisievert dose.
This is about the highest dose per year a worker received in the Hungarian nuclear power
station.

The problem can be solved without any lesson in democracy in a country where there
is a law setting an upper limit for radon in buildings, and offering financial support for
the survey and for mitigation. (Whether the law was made in a democtratic way or not:
is another question.) But in Hungary the law speaks only about artificial radioactivity.
Unfortunately human biochemistry does not know whether an ionizing particle originated
in an artificial or natural radioactive source. What should be done in our small North-East
Hungarian village when we find dozens of houses with radon concentration above not only
400 Bq/m3 but 1000 Bq/m3?
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The first question is how to identify the high radon level houses. In a totalitarian
regime it is easy to do. You should convince one person: the Leader of the community
that the survey is important; he will order measurement for the whole village, he will even
find financial support for that. Or he might not. But in the latter case you know that
there is nothing to do. In a democratic society it is much more complicated.

First of all you have to teach some nuclear physics to the elected leaders of the vil-
lage on a level where they understand enough to convince themselves of the necessity for
exploration of the radon levels in the village. The leaders are not physicists, they are
farmers, miners or workers in the nearby brick factory. They are much more interested in
unemployment problems, they are much more interested in the condition of the roads or
in the new telephone network of the village, and of course, in local gossip and in their own
prestige. This is understandable: the next election is approaching. Most of the leaders
are old enough to have forgetten all the physics learned in school, and anyway no nuclear
physics had been taught to them. In our village we were lucky: at least the mayor -
originally an electrician - was ready and able to learn about radon. The other members
of the village council smiled at his efforts, so he needed continuous mental support and/or
pressure from us to find and to implement possible solutions.

The occurence of radon in this village was discovered by physicists. The radon problem
in living rooms is a new one in Hungary. Previously no one bothered about it. We had
greater problems. Physicists working in this field now became excited. But they are
also human beings, they have to survive, they have to buy more modern equipment and
provide scholarships for graduate students. They live also in the market. They asked for
financial compensation for their survey. When - due to the lack of legal obligation - the
government's aid was over, they withdrew from the village. In those days no one knew the
percentage of the houses heavily affected by radon. It is a question whether a physicist
has a moral obligation to continue such a work without compensation and to convince the
local or national authorities about the necessity of this work, or whether he has to wait
for a contract from the authorities. In the case of our Hungarian village the physicists
who started the work declared that the village had to be surveyed, and they waited for a
financial contract from the mayor. But the Hungarian state budget is in deficit.

In Hungarian high schools we have been teaching nuclear physics for a month since
1984. At the end of 80- 's a school network was created in Hungary to measure radon
in the air. Students and their teacher learned the technique for measuring radon. They
found differences between different buildings, between different towns, between different
seasons, but never found very high concentrations of activity in living rooms. They learnt
from books that in some countries the radon activity is unacceptably high, they learnt
the risk of radon exposure, they read about how the houses have been protected in other
countries. The radon work for these students and their teachers was active and interesting
but without real responsibility. Then on 15 March 1992 a phone call came from that small
North East Hungarian village ... Some people thought that perhaps school teachers and
their students could do also some useful work.

At long last we - students and teachers - had found a place where there is high radon
activity in real living rooms, not only in books. At first it was not easy to enter the houses.
Before our arrival at the village a crowd of whitecollar people invaded it, and they were
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so busy that they had no $im§ to inform the people about their work, about the nature of
radon, about the data measured in the homes. Radon was a menacing mystery. When we
arrived at the village I asked the local physics teacher for permission to speak to the pupils
about the nature of radoii. I offered simple charcoal absorbers which the children could
take home so that after a week they could find out the radon level in their own roqmi The
pupils went home, they informed their parents and asked them to let them bring home
the charcoal absorbers. My students from Budapest assisted me. They had to take a very
serious exam after a special course of nuclear physics, and only then they were allowed to
join the radon expedition to the village. We discovered that higher radon concentrations
occured not only in the places where people from the research institutes worked before
but also elsewhere in the village. Together with the students we decided to make an
extended survey of the village. So far, we have measured the radon activity concentration
using CR-39 alpha track detectors in the majority of the houses. The bulk of the work
of the evaluation of the detectors was done by students and their teachers of the Lauder
Yavne School in Budapest. Local students helped in communication with the local people.
The Atomic Physics Department of Eotvos University checked our work continously with
more complex methods. NRPB from England helped to calibrate our detectors. All the
work was done with youthful enthusiasm and interest, without any financial state support.
Now we have thousands of data on the spacial and seasonal distribution of radon activity
concentration. What should we do with these data?

Sixth Step

Mitigation There are several possible ways of reducing the radon level in a living room.
The simplest way is to ventilate the room, especially in the evening before you go to bed.
In the case of high activity this is not enough. In such cases some reconstruction of the
building is needed: the method will depend on the structure of the house. To change
living habits (e.g. moving to a less affected room or ventilating regularly in the evening)
or to change the structure of the building needs the co-operation of the inhabitants and
it needs money. How can one obtain the co-operation of the people, who never attended
high school? How can we create money for mitigation in a poor evolving democracy where
there is no Big Brother to watch and help us? These have become the key questions.

We — students and their teachers - have decided to give the data to the house owners
directly, and simultaneously we explained them the data. This means that we had to
teach people in each house with high activity how to ventilate their rooms. The Operating
Commettee spent more than three years still discussing about the "ultimate solution" for
all the houses. It means that there are children who live in more than thousand Bq/m3

in more than four years. Together with the students we have rejected their method. We
believe more in democracy.

Our recipe is very simple indeed. We try to teach the citizens as well as the leaders
of the village how to live with radon. When we have measured a home we give the data
to the citizen. In the most affected houses we introduce the inhabitants to measurement
techniques: we teach the people how to read the data directly from continuously operating
equipment. In this way they experience personally the beneficial effect of ventilation. We
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explain the meaning of the results and try to answer ail their questions. We try to find a
solution for reduction of the radon level by thinking together with the inhabitants. We
also share our doubts with them. So the people feel they are involved in solving the radon
problem. They feel their opinion is important, they have to make decisions. They learn
democracy: decision making based upon a shared understanding of information.

Uptill now five house were mitigated in this way. And the costs of these mitigations
are very low, of course. More knowledge, more grasped information helps to solve problems
at low cost.

National Survey Prom 1994 September we created a national network in Hungary. In
more than two hundred villages the physics teachers and their students asked for detectors.
They distributed them in homes for two-three months, then sent back to us for evaluation.
This school network measured the radon level in 9000 homes in three seasons in the last two
years. My students traveled village to village, taught the local students on radioactivity,
introduced simple experiments demonstrating the radioactivity is present everywhere. We
found some places where the radon level was extremly high. A group of my students
became specialists in mitigation. We have never asked for financial compesation. My
students and myself got a much greater prize for our heavy work in Matraderecske and
in other places than any official respect or money would: My students have learnt that to
know physics means responsibility for others. To learn nuclear physics means responsibility
for others' future.

The many data of radon level in homes make different researches possible. One of the
most interesting to find out whether there is any risk of cancer caused by high radon level,
and if so, what is the critical level of radon. Another interesting thing is that radon is
varying not only daily and seasonly, but also year by year. For example in the Winter of
1996 in the meaasured homes the radon level was much higher than in the Winter of 1995.
The long, cold and snowy Winter in 1996 gave a surplus dose of 0.5 mSv (in average) in
our homes! In three months! Because of Chernobyl the surplus dose for a Hungarian is
0.5 mSv in his/her all life, not in three cold months!

I believe, because my young students believe, that our effort will not only decrease
the highest radon level, but it will increase the democratic spirit as well. On the other
hand many students in Matraderecske, in the neighbouring villages and all over in Hungary
become nuclearly literate during this field work. When someone asked them what would
be their first action if another Chernobyl were happen, all the children's answer was very
simple:-"Measure it."
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