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ABSTRACT

In our days technological progress for the benefit of society is slowed down by the fact that common citizens
(opinion-forming media reporters, journalists, furthermore elected decision-makers) are underinformed about
basic numerical facts concerning harms and benefits of high technology. Here a comparative risk study is
presented about smoking, ozone hole, global warming, and ionizing radiation. This approach has turned out to be
successful in educating the youth in Hungary; because school-going teenagers do understand numbers.

1. ACCELERATING HISTORY

In early centuries, the societal and technological progress was slow, unnoticed within one generation. Orientation
and skills were learned by imitating the parents. This resulted in a high respect of fathers and grandfathers. The
industrial revolution accelerated the speed of progress. The time between the invention of steam engine (Watt
1765) and locomotive (Stephenson 1825), between the discovery of electromagnetic induction (Faraday 1831)
and utilization of alternating current for energy supply (Zipernowsky 1885), between the telegraph (Morse 1821)
and the public telephone centrale (Puskas 1879) took about two generations. This allowed schooling time enough
to introduce the new scientific ideas to the mind of fresh generation. This is why compulsory schooling was
introduced in the 19th century, in order to prepare the incoming generations for productive work and democratic
citizenry. The teacher became high authority in the eyes of young people. Dennis Gabor, Hungarian-British
Nobel-laureate inventor of holography, wrote in his book entitled Inventing the Future:

— Moses showed the promised land to his people but then he led them around for forty years in the wilderness
until a new generation worthy of it had grown up. Now forty years is not an unreasonable estimate for educating
a new generation, which can live in leisure created by high technology, but we must find a better equivalent of
wilderness. At present stage of information technology the time ought to be shorter - merely the time to train
teachers and for the teachers to train the first generation of modern workers. It is not so much the education of
the people, which is slow, but the education of their leaders.

In the 20th century the revolution of modern science accelerated the pace of history from generations to short
decades. Theodore von Karman discovered the Ka'rma'n vortex train behind moving bodies (1910s) and created
the streamlined jet aircraft (1940s) within one generation. The neutron was discovered (Chadwick 1932); then
the idea of utilization of neutron chain reaction was patented within two years (Szilard 1934). A nuclear pile
started working within a decade (Chicago 1942, Obninsk 1947), and soon atomic bombs exploded (Hiroshima
and Nagasaki 1945).

Quantum mechanics (Heisenberg 1925) was applied to explain the structure of solids (Wigner 1940s) and
Bardeen, student of Wigner, invented the transistor in 1947). Then the portable transistor radio inflamed the
Islam consciousness even among illiterate Bedouins, leading to revolutions, wars, and a world wide oil crisis.
Even the Cold War was fought and won rather more by telecommunication than by armies. The electronic
computer (von Neumann, 1945) led soon to e-mail (Kemeny 1964). The youth of the world (much more the
students than their teachers and professors) switched to Internet. Kasparov lost against Deep Blue (1997). The
fast pace has made schoolbooks outdated, the youngsters use TV for orientation in our Brave New World. But
the media and politicians were shocked by the unexpected invasion of private life by nonlinear physics, quantum
mechanics and nuclear technology. The citizens (even worse: politicians and generals) were supposed to make
(democratic or totalitarian) decisions about issues what they has not fully understood. This resulted in highly
emotional but irrational controversies. (Malaria~DDT, fossil fuel-climatic change, nuclear bomb test-nuclear
power plant, DNA-genetic manipulation). The outcome was grassroots anti-science movement, even in the
media, because the journalists - supposed to shape public opinion - were irritated by their own scientific
illiteracy. This symptom resulted also in risky military situations, and in millions of victims (from malaria
epidemy, air pollution, and nuclear bomb test fallout), in numbers far exceeding the number of victims in
Hiroshima or Chernobyl. A characteristic symptom is to overemphasize less important issues and to overlook the
important ones. E.g. the worldwide impact of the Chernobyl accident was blown up out of proportions compared
to the consequences of atmospheric bomb tests enjoyed by the "patriotic" military leaders of the superpowers.
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The approaching turn of the century offers the most appropriate occasion to discuss this issue of public
understanding, to turn to the public by presenting them the actually relevant nuclear issues.

The present high responsibility of scientists and teachers implies educating the democratic citizens of the 21SI

century in schools and in the media for understanding basic science and technological trends, together with their
(actual or potential) social impacts. Teachers had to offer knowledge in schools what they had not learned at the
university. Scientist had to explain ideas to the public, which are not yet in the textbooks. This duty may seem to
be hard, perhaps impossible to fulfill but our experiences in Hungary have shown that it's not the case. As our
teachers experienced, even the students interested in humanities pay much more attention to nuclear classes than
e.g. to lessons on geometrical optics. The problem left is that journalists and members of the cabinet cannot be
called back to these lessons. But we used to tell the teachers that the to-be-ministers and generals of the 21s1

century are now sitting in the school banks; they are today students of present teachers. Cornelius Lanczos
encouraged us to save the world by education saying: — Nearest to the genius is the child.

2. SMOKING

According to the World Health Organization, 27 billion cigarettes are sold in Hungary in a year. Every year
about 29 thousand people die due to smoking-related causes. By assuming linear proportionality, smoking one
cigarette results in 1/million probability of fatal disease. If out of 1 million exposed persons one will die due to
this exposition, we shall speak about 1 microrisk. In Hungary, with a population of 10 millions, one third of
people smoke, that is an average smoker consumes 9000 cigarettes per year, exposing himself/herself to 9000
microrisk=0.9 % risk each year. (The number of victims for other types of suicide amounts 5000/year, equivalent
to 500 microrisk/year.) Passive smokers (children of smoking parents) may take about 30 microrisk/year
(equivalent of 30 cigarettes): from among one million children of smoking parents about 30 may die due to the
parents' habit.

The cigarette consumption decreases in the U.S. and in Scandinavia. The multinational tobacco companies look
for compensation of losses in Eastern Europe and in the Third World. Since 1990 (since the liberalization of
tobacco advertising) the cigarette consumption is increasing by about 1% per year. The World Health
Organization estimates the total number of victims of smoking to 3 millions/year world wide, being about equal
to the number of victims at traffic accidents. Taking the rate of increasing consumption into account, the number
of tobacco victims may reach 10 million per year in the decades to come.

3. PUBLIC RISKS

The mathematical definition of risk is R=P-C, where P is the probability of occurrence and C is the seriousness
of the consequence. (In case of certainty, P=l. In case of death, C=l.) According to the definition of probability,
if N people are exposed to the same risk R, the collective risk (i.e. the expected number of lethal casualties due to
this exposure) is NR. According to international assessment, one microrisk is incurred while

traveling 2500 km by train,
flying 2000 km by plane,
traveling 80 km by bus,
driving a car for 65 km,
bicycling for 12 km,
riding a motorcycle for 3 km,
smoking a cigarette,
living 2 weeks with a smoker,
drinking half a liter of wine,
living in a brick house for ten days,
breathing in a polluted city like Budapest for three days.

Looking at these numbers, one may conclude that people consider a few microrisks acceptable: one microrisk
means about smoking a cigarette, or consuming a bottle of light wine, or making a weekend by car, or riding
motorcycle to pick up a girlfriend. In legal terms the U.S. Congress considers one microrisk to be acceptable.
The "Right of Knowledge" act, accepted by the State of California with a majority of two-thirds in 1987, states
that "nobody may be exposed - consciously or unconsciously- to a chemical effect that may cause cancer or
genetic harm, without calling the attention of the person to be exposed to this danger". But in court one must
know what a punishable non-zero risk means. A physicist may be inclined to say: What I can measure. (But you
may elaborate more accurate tests!) According to the legal praxis in California, an exposure above 10 microrisks
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must not be caused without advanced warning. This is why warnings must be printed on every packet of
cigarettes: "Smoking may be harmful for your health."

One microrisk may look small in itself. But let us consider a state of JV=100 million inhabitants. If each person is
exposed to the 'affordable' 1 microrisk, this means a collective risk NR=100. Hundred innocent causalities in a
country do not look such a low price any longer! This example shows that the presentation of risk offers a
chance to manipulate the public. For example, after the Three Mile Island nuclear accident a local newspaper
wrote: "The release of radioactive noble gases increased the risk of a person living in that environment by the
equivalent of smoking half a cigarette." (It is reassuring, isn't it?) The four million people living in the affected
environment were informed by another local newspaper: "The irresponsibility of technocrats kills two innocent
victims!" (It is terrible, isn't it?) Simple multiplication may show that the two statements are equivalent! Society
can be educated for democratic decision-making (e.g. about the route of progress) by obtaining relevant
information and by being schooled in rational thinking.

Different professions are risky in different ways. In trade the risk is about 10 microrisk per year. In factories it is
10-100 microrisk per year. In transportation it is about 400 microrisk per year. In coal mining it is 800 microrisk
per year. At the construction of high electric transmission lines it makes 1200 microrisk per year. At deep-sea oil
wells it is 1500 microrisk per year. At deep sea fishing it may reach 1800 microrisk per year. To be the president
of the U.S. means several thousand microrisks per year.

4. OZONE HOLE

"If you don't go out in the sunshine, you may get rickets (rachitis)"— we were told by grandpa. It's true: the near
ultraviolet radiation contributes to our production of vitamin D.

The first humans emerged in Africa; they were evidently dark-skinned. When some of them were driven by
overpopulation to cloudy Europe, a mutation decreasing the pigment production was an advantage: the body
collected more sunshine, therefore their organism could produce more vitamin D. This is why medical doctors
recommend a sun-lamp for the long dark winter afternoons in Northern Europe.

The hard ultraviolet photons of sunshine break up the molecules of air, which is how the ionosphere has been
produced. Deeper atmospheric layers are reached only by soft ultraviolet photons (0.5-0.7 aJ) and by visible
photons (0.25--0.5 aJ). In the first billion years of Earth's history the bombardment of soft ultraviolet photons
made the survival of complex organic molecules impossible, life could not evolve on land. The green plankton in
the sea, however, began to pump oxygen into the atmosphere by photosynthesis (hv + CO2 »C + O2), and the
energetic ultraviolet photons broke the oxygen molecules in the stratosphere, producing ozone (hv + O2 » O
+ O, O2 + O • O3). The ozone (O3) is able to absorb also the soft ultraviolet photons (Av=0.6 aJ), that the
electrons in the short O2 and N2 molecules cannot do. Under the protection of this ozone shield, life dared to
occupy the continents.

In 1984 at springtime the thickness of the ozone shield dropped to one-sixth of its usual value above the
Antarctica. The ozone hole reached record size in the 1990es. The suspects were found on the spot: they were
freon-type (CFCl, chloro-fluoro-carbon) molecules, used in sprays, in refrigerators and in air conditioners. These
man-made molecules are durable enough to diffuse up to the stratosphere, there the hard ultraviolet rays of the
Sun brake them up, and the liberated Cl and F atoms catalyze the decay of ozone. Ultraviolet photons cross
through the ozone hole; they harm green leaves and may cause skin cancer in human beings.

Populations of pale skinned people, who like to enjoy sunshine, are especially sensitive. (Remember the sun-
tanned blond movie stars in bikinis!) In the U.S. skin cancers make about 40 % of all cancer cases, more'than
100 000 are registered every year. Skin cancer is three times more common in the sunny Texas than in the rainy
Iowa. The number of skin cancer cases has doubled in 20 years and quadrupled in 40 years even in Europe.

According to the U.S. Environmental Protection Agency 1% thinning of the ozone layer may increase the
ultraviolet radiation by 2 %. This could cause a 4 % increase in skin cancer and 0.5 % increase in eye cataracts
for pale-skinned, blue-eyed population, meaning e.g. 6000 extra deadly megamelanoma cases in the U.S. and
several tens of thousands worldwide. The number of lethal skin cancer cases grew from 200 in 1980 to 500 in
1990, indicating an increase from 20 to 50 microrisks/year in Hungary! This is why a suntan is already out of
fashion in California and on the Riviera. This is why blinded sheep has been observed in South-Chile. This is
why the Montreal Protocol urges the elimination of freon-type compounds.
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The climbing of the skin cancer frequency is the steepest among twen-agers in Hungary. Due to the latency
period of skin cancer this may be due of their sunbathing when they were teenagers in the 1970s. The diffusion
of the freon to the stratosphere, to reach the ozone layers takes about 10 years. Unfortunately, freon molecules
survive humans. If we stop releasing these kinds of molecules today, the ozone layer will start recovering only
after one or two generations from now. The sins of fathers will be met at their children and grandchildren.

Ultraviolet radiation is harmful because it excites and destroys organic molecules. In the coming pages, we shall
focus our attention to ionizing radiation, not only because radioactivity is the most feared, but because it can be
measured, checked, researched and controlled the most easily.

5. IONIZING RADIATION

Radioactive decay liberates energy: it produces ionizing radiation. The unit of activity of a sample is 1 Bq
(Becquerel) =1 decay /second. The radiation may destroy molecules. The ions disturb the delicate network of the
biochemical metabolism in the human body. The overall number of ions may be considered to be the measure of
the impact of this radiation. The dose is the ratio of the absorbed ionization energy E to body mass M, that is
E/M.

(The corresponding unit is 1 Gy = 1 gray = 1 joule/kg = 1 J/kg. - The cell is able to neutralize a few ions, to
repair smaller damages by fabricating special repair enzymes. The differences in the biological effects of
different particles can be taken into account by a quality factor Q which is 1 for X-rays, y- and /3-radiation, is 2 -
10 for slow-fast neutrons, is 20 for a-particles and fission fragments. The dose-equivalent is defined as
D=QEIM. Heavier charged particles are absorbed easily by cloth and skin; therefore the public is exposed mostly
to X-rays, y- and P-rays. Thus for the understanding of everyday risks this distinction is not so relevant.)

The unit of dose equivalent D is 1 Sv = 1 sievert = 1 joule/kg (for X-rays, a- and a-radiation). We know from the
bitter experiences of Hiroshima and Nagasaki thatZ>>10 Sv is lethal. £)=4 Sv results in death with a probability
of 50 %. A few Sv causes acute symptoms (loss of hair, bleeding in the gut) within days. In everyday life much
smaller doses occur. We shall use 1000 times smaller units: 1 mSv (millisievert) = 1 Sv/1000.

There was a zone in Hiroshima and Nagasaki (in belt at a distance of 1.5-2.5 km around the epicenter) where
people survived but they have received radiation doses of about 100 mSv. Their medical history and the causes
of their death were tracked carefully. These statistics have been compared with those of the Japanese population
living elsewhere. The estimation obtained by subtracting the normal mortality and by extrapolation, assuming a
linear proportionality between risk and dose, has shown that a dose equivalent of 1 mSv increases the risk of
lethal leukemia and cancer by about 50 microrisk. The International Committee on Radiation Protection
recommends this risk/dose factor in official calculations. (At much higher dose the factor is taken twice as large,
but such high doses do not affect the public.) So what is the risk of 1 mSv dose equivalent? 50 lethal cancer
cases by million people exposed. Equally risky are

to smoke 2 and a half packets of cigarettes,
to bicycle for 600 km,
to drive for 3250 km,
to cross a busy road twice a day for a year,
to drink one glass of wine per day for a year,
to be X-rayed for kidney metabolism.

The law says that the artificial radiation burden on the population must not exceed 5 mSv/year (corresponding
essentially to 5 microrisk/week) and the International Committee on Radiation Protection recommends to
decrease this limit to 1 mSv/year (1 microrisk/week). This value may be over-prohibitive: it corresponds to the
risk of smoking one cigarette per week. (Medical interventions to save life may and do surpass this value.) For
those who are working professionally with radiation the maximum dose tolerated in a year is 50 mSv, but in
average the radiation load must not exceed 20 mSv/year. (The largest exposure within the Hungarian Nuclear
Power Station was 33 mSv in one case.)

A gentleman of 75 kg mass contains 750-1025 atoms. Biochemistry tells us: what kinds of atoms they are. The
percentage by weight and the number of atoms in units of 1025 are given for the important chemical elements in a
body of 75 kg.
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H
0
C
N
Na

(10 %)
(60 %)
(20 %)
(5.4 %)
(2.7 %)

450
185
75
19
1.6

P
Ca
S
K
Rb

(1.3 %)
(1.3 %)
(0.5 %)
(0.3 %)
(0.02 %)

1
1
0.7
0.3
0.01

H, O, C, N occur in the essential organic compounds (food, protein). P plays a role in DNA, S is essential for
some enzymes, and Ca is present in bones. Na+ and K+ ions play role in ion transport.

The atmosphere is under steady bombardment by the energetic protons of cosmic rays. They produce nuclear
reactions in the upper atmosphere, liberating neutrons among others. The neutrons may transmute nitrogen into
radiocarbon: «+14N 14C+H.

The 14C nucleus is radioactive, it is produced and it decays, its equilibrium concentration amounts 14C/12C=10"12.
The gentleman of 75 kg contains 75-1025 carbon atoms, including 75-1013 radiocarbon atoms. Of these
radiocarbon atoms 3000 decay every second.

Solar energy is liberated by the nuclear fusion of hydrogen: H+H 2H+e+, H+2H 3He, 23He 4He+2H, but
reactions like 2H+4He 3H+3He also occur. The solar wind blows 3H (tritium) to the Earth. Tritium is radioactive
with a half life of 12 years (emitting electrons with maximum energy of 0.002 pj). The equilibrium concentration
of tritium in rain water is 3H/1H=1017. The gentleman of 75 kg is made mostly of hydrogen atoms, among them
he contains 4.5 billions of tritium atoms, from which about 100 decay in every second.

In this region of the Galaxy a supernova exploded 4.6 billion years ago. At the very high temperature of the
explosion, neutrons evaporated from the nuclei. Some of these produced new nuclei: n+87Sr 87Rb+H,
«+40Ca 40K+H. Accumulation of the ejected materials made the Solar System. The Sun and planets were born
4.59 billion years ago. 87Rb, having a half-life of 500 billion years, is still present, constituting 28 % of natural
rubidium. (25-1020 87Rb atoms are present in the body of the gentleman.) 100 of them decay in each second. The
half-life of 40K is only 1.28 billion years, most of it has already decayed during the long life of Earth, and today it
makes only 4°K/K=0.0118 % of natural potassium. The body of the gentleman contains 30-1020 of them. Due to
their shorter half life, many 40K atoms decay per second. Between two heart beats, about 8700 radioactive atoms
decay in our body; our own activity is 8700 Bq.

Fortunately, most of these nuclei emit electrons of low energy. Therefore the dose deposited by 3H, 14C, 87Rb is
small. The 40K decays are the most abundant and most energetic. About one-third of the decay energy of 0.2 pj is
deposited in the body (two-third of the a-photons and all the neutrinos escape.) This means that the ionization
energy deposited in 1 kg of the body is (5500/75)-(0.2 pJ/3)=5 pJ/kg s, meaning a dose-equivalent of 0.15
mSv/year. By adding the 14C dose, one may conclude that our own body gives us a dose equivalent to 0.18
mSv/year. In reaching the age of 55 years the gentleman collected a total dose of 10 mSv. This means a 0.05 %
risk of dying from cancer produced by the radioactivity of one's own body. One person out of two thousands is
going to be killed by the radioactivity of his own body. You can escape this only by jumping out of your skin.
(The total risk of dying from cancer is about 20 %, and that of dying anyway is exactly 100 %.)

We should be aware that the gentleman irradiates not only himself but his girlfriend as well during their close
encounters. He is a radioactive source of 8700 Bq! In his body 5500 ^K nuclei decay every second. 10 % of
these decays produce a-photons of 0.23 pJ each, so he is a a-source with the power 126 pW. If she absorbs only
8 % of that energy while sharing a bed with him, then her body is irradiated by 2-1013 Sv/s. In an eight-hour
night this gives a total dose-equivalent of 5 nanonsievert. A thousand and one nights can give her 0.005 mSv. In
this happy way she takes total 1/4 microrisk (i.e. 1/4 000 000), equivalent to the risk of 5 pulls from a cigarette!
Is it worth of taking? (Let us not forget that a pull of cigarette would shorten her life expectancy by 25 seconds,
but virgin life style would shorten her life expectancy by about 6 years according to statistics.) For a man the
corresponding risk is lower: just from this point of view she is less active, due to her smaller body weight.
(Furthermore, a strict bachelor lifestyle may shorten his life expectancy by 10 years. Medical X-rays shorten our
life in average by 2-3 weeks.)

6. RADON IN HOMES

The half life of "^Th is 14 billion years, that of ^ U is 4.5 billion years, that of "5U is 1.2 billion years, and that
of 40K is 0.7 billion years. These decays supply the internal heat of Earth. (We enjoy it in thermal spas.) But not
only heat emanates from the Earth. The gaseous decay product of '"'K makes now 1 % of the atmosphere as
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innocent "°A. The gaseous decay products of 238U (namely ^Rn) and that of 232Th (namely 220Rn) are not so
harmless: they are radioactive themselves. 220Rn decays within one minute, therefore it usually does not have
time to diffuse into our living room. But 222Rn's half life is 3.8 days, long enough to reach us. The radon activity
of indoor air depends upon the soil, building bricks, house structure, and room ventilation. Rough values are:

outdoor air near the ground 10 Bq/m3

ventilated room 40 Bq/m3

closed room 80 Bq/m3

highly contaminated room 4000 Bq/m3

cave of very high activity 40000 Bq/m3

In uranium mines, before the era of forced ventilation, the miners inhaled contaminated air. According to
statistics, a year spent in an air with radon concentration of 5000 Bq/m3 increased the risk of lung cancer by 1 %.
This means that (taking a life span of 50 years) the risks of radon induced cancer can be calculated by assuming
linear risk/dose relationship:

living in the wild: ,4=12 Bq/m3 D=0.3 mSv/y R=0.\5 microrisk/year
ventilated house: ,4=40 Bq/m3 £>=1 mSv/y i?=50 microrisk/year
well insulated room: ,4=80 Bq/m3 D=2 mSv/y /?=100 & microrisk/year
contaminated flat: ,4=800Bq/m3 D=20mSv/y fl=1000 & microrisk/year

Sweden has been built upon a granite block, relatively rich in uranium. Rolf Sievert and Bengt Hultqvist
measured the a-activity in 1000 apartments already in the 1950s. There was a wide scale survey of radon activity
concentration in the early 1980s. By comparing the two surveys one finds that the average of the later
measurements is four times larger than the average of the earlier survey. The explanation may be the "energy-
saving" insulation of the doors and windows, due to the oil crisis of the 1970s.

In Hungary, the abundance of lung cancer tripled in 30 years, but this can be accounted more to chemicals
(smoking and air pollution produced by cars) than to radon inhalation. But if the population of Hungary would
listen to the advertisements recommending efficient door and window insulation (in order to "conserve energy"),
irradiation may increase by 1 mSv/year. The population of Hungary is 10 million people, so by assuming a strict
proportionality an additional 1 mSv/year dose for everyone would result in iV-.R=(50-10"5)- (10-106)=500
additional lethal lung cancer cases per year (added to the present number of 6400 cases)!

7. LOW DOSES

The risk/dose relation has been measured empirically in the 100 mSv region (in Hiroshima and Nagasaki). From
that point an extrapolation has been used (with steepness of 50 microrisks/mSv) to reach the low-dose region at 1
mSv. The linear extrapolation down to very low doses relies on the argument, that the attack of ionizing
radiation is a probabilistic phenomenon: a a-quantum either hits a DNA molecule at one of its sensitive sites
(initiating cancer by the uncontrolled replication of the damaged pattern) or does not.

A suspicion against linearity was raised recently. Bernard Cohen (University of Pittsburgh) intended to decipher
the risks of low doses empirically. He compared the lung cancer statistics of the different counties in the U.S.
with the average radon activity concentrations in these counties. The observed data don't follow the theoretical
rise but show a definite decrease in the region of 100 Bq/m3. The discrepancy between "theory" and "facts"
amounts about 20 standard deviations! Originally Cohen did not believe in the reality of this conclusion,
therefore he extended his investigations to the regions of Sweden, Finland, China, where the uranium rich granite
rocks produced enhanced radon emission. The outcome has confirmed the empirical conclusion that a low level
radiation load of a few mSvlyear seems to suppress cancer risk. A similar significant minimum was reported by
Esther T6th in Hungary.

A direct indication has come from the recent study of the survivors of the Nagasaki atomic bomb. Those people
who survived and received a modest dose in Hiroshima and Nagasaki lived in average 4 years longer than the
control population. Sohei Kondo (Osaka) has published curves showing that the probability of getting leukemia,
lung cancer, colon cancer as a function of dose drops at first, it has a minimum at about 20-50 mSv, it follows the
linear rise only above 100 mSv.

At vaccination, a controlled tiny amount of toxin is injected into the blood of humans, in order to activate the
biological defense against expected greater attacks. It may be that small doses (or a given dose extended to
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longer period) may have similar effect: it may activate the defense (repair enzyme and antibody production)
against oxidative attacks. It may increase the immunity against carcinogens. This indicates that the human
organism may have a sensitivity threshold at a few mSv. It can defend itself biologically against doses below the
threshold, but it is unable to do so against stronger or multiple attacks. A human cell seems to be able to repair a
slight damage in a few hours, may ready itself for expected new attacks, but it is irreversibly damaged by the
simultaneous attacks of several ionizing particles. In this case the best defense is that the damaged cell commits
suicide, instead of multiplying itself in an uncontrolled way. This explains why no genetic harms of ionizing
radiation were observed among humans in Hiroshima and Nagasaki.

8. PUBLIC DOSE

We can calculate now our own dose received in the last year. Let us consider the natural radiation load first. (The
numbers have been rounded off.)

ionizing cosmic radiation at sea level 0.30 mSv/year
cosmic neutron flux at sea level 0.05 mSv/year
100 m height excess 0.02 mSv/year

(The atmosphere offers a shield against cosmic radiation. Its flux doubles at each 1800 m of altitude.)
Radioactive isotopes of cosmic origin contribute as well:

^K in the body and environment 0.18+0.15 mSv/year
I4C and 3H in the body 0.015 mSv/year
87Rb in the body 0.06 mSv/year
U-family in the environment 0.10 mSv/year
Th-family in the environment 0.16 mSv/year
Rn inhaled 0.3 mSv/year
Natural sources (rounded off) 1.5 mSv/year

This would be the dose received by a prehistoric human living in the wood, sleeping in the nest at the top of a
tree. But civilization (especially the industrial revolution) changed our lifestyle. Wolves and smallpox were
eradicated, but other risks were created. If you live and work in house, add

living on the ground floor* 0.5 mSv/year
in a light concrete house (9 mg U/kg) 1.8 mSv/year
in a brick house (3.5 mg U/kg) 0.7 mSv/year
in a light panel house (1.5 mg U/kg) 0.3 mSv/year
in a wooden house (0 mg U/kg) 0.2 mSv/year
Radon excess in the house (rounded off) 1 mSv/year

(* 1 mSv/year for 40 Bq/m3 radon activity concentration in bedroom.) "Move to a wooden house resting on
piles! By doing so you can suppress your radiation load by 1 mSv!" Are you going to do it? - Further artificial
doses:

air flight for each 2500 km 0.01 mSv/year
wristwatch with luminous numbers 0.02 mSv/year
watching black-white TV, 1 hour/day 0.01 mSv/year
watching color TV, 1 hour/day 0.02 mSv/year
medical X-rays, in average 0.5 mSv/exposure
Technological load (Hungarian average) 0.5 mSv/year

The average load on the Hungarian citizen is about 3 mSv/year, reaching a risk of 1 % during lifetime. (In
Sweden, due to the dominating granite surface and single-level housing, this value was about 7 mSv/year before
the radon mitigation campaign. In Kerala it may reach 13 mSv/year due to the thorium-rich soil.)

The nuclear plants of the world supply about 200 GW of electrical power. The related industry (radon release at
uranium mining, active Kr and Xe emission at fuel reprocessing) brings an extra load upon the population of the
Northern hemisphere: World's nuclear industry: 0.00015 mSv/year/capita.
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The anxiety over nuclear power plants stems from the consequences of the tragic accident that happened at the
nuclear power station in Chernobyl (Ukraine). The author of the present paper paid a personal visit to Chernobyl
in the late 1991, with a dose-ratemeter in hand. The number of direct causalities was 30, and might have
approached 100 within the first year. The amount of ejected radioactivity could be measured, it is known
worldwide. The radiation dose, received in the first year was in Hungary measured to be 0.2 mSv. The overall
dose from Chernobyl in the years to come is estimated to be cca 0.4 mSv - equivalent of smoking a pack of
cigarettes by each Hungarian. Is it terrible, isn't it?

The International Atomic Energy Agency estimates the collective risk due to Chernobyl to be 600 000 Sv,
corresponding to 30 000 collective risk, as the most pessimistic estimation, using the proportionality hypothesis.
(20 % of the Europeans, i.e. 120 millions will die anyway of cancer. We shall never know who of those died
because of the accident.)

In the era of anxiety people are afraid of risks. In the months following the Chernobyl accident the number of
surgical abortions jumped by 50 000 in Western Europe (as we have seen, without good reason). The team of the
International Atomic Energy Agency found in Ukraine that there are more psychic problems than radiation-
induced medical cases. Ignorance and unjustified anxiety may kill as well.

9. SINGLE INCIDENTS

Thousands of victims from an industrial accident are certainly an unacceptable price for comfort. Such unstable
graphite moderated and water cooled nuclear reactors (operating only within the former Soviet Union) must be
eliminated. (The U.S. eliminated them 40 years ago, following the intervention of Edward Teller.)

Hiroshima, Nagasaki, Windscale, Harrisburg, Chernobyl focused the public anxiety on nuclear risks. Nuclear
fission produces radioactive fragments necessarily. If they get into the atmosphere, they create risks that
Cross borders. The largest recorded radioactive releases were (in units of 1018 Bq):

Hiroshima bomb 0.01
Present H-bomb 1
100 megaton bomb 10
All atmospheric tests 100
Windscale reactor accident 0.04
Harrisburg reactor accident 0.0001
Chernobyl reactor accident 4
Coal industry, yearly release 0.6

Present dose from previous atmospheric tests is 0.01 mSv/year, the collective dose for humankind amounts 50
000 Sv/year, corresponding to a collective risk of 2500 in 1990. According to the report of the United Nations
(1988) the collective dose commitment due to all the previous atmospheric nuclear explosions is estimated to be
30 million Sv. By using the linear risk/dose formula, one obtains a collective risk exceeding one million!

The largest tests were performed in Novaja Zemlja in the 1960s, since them a large fraction of the radioactive
fallout decayed. The memoirs of Andrei Sacharov (published in 1990) describe, how he became irritated by the
plans to test the 60 megaton H bombs developed in the 1960s. He made some rough estimations: all the previous
nuclear explosions had not emitted as much radioactivity till then as the explosion of one single 60 megaton
bomb would do. He estimated the number of indirect causalities to be in six figures. (You may repeat his
calculations using the data given in this paper.) We know the final outcome of the story. Mr. Khrushchev
rejected Sacharov's protest, two big bombs were exploded. The physicists made their measurements and
performed their calculations worldwide. A global protest wave ~ lead by scientists - forced the superpowers to
agree a ban on atmospheric tests. But smaller powers wanted to develop their bombs as well: they continued
low-scale testing for a while, but the global protest wave forced also them to stop atmospheric explosions.

Nuclear fallout can be measured exactly, as the Hungarian schools did after Chernobyl, and they monitor radon
in the environment since. High technology can be controlled. Humans, too, have to learn controlling themselves,
to prevent war games and technological catastrophes. (The number of the causalities of car accidents in Europe
approaches a million per year.) We share the hope that in the coming century the main issue will be cleaning up
the environment: acid rain, ozone depletion, carbon-dioxide induced warming. These are more complex
chemical issues. DDT accumulates is the body of fish, its use has been prohibited worldwide. Since that the
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suppressed enemy, malaria, spreads again, killing 2 millions in 1994. We have to learn to measure, understand
and control the chemicals, as we have done with the risks of ionizing radiation.

10. GLOBAL WARMING

- Global warming is possibly the single greatest threat ever to the future of life on the planet. Its ultimate
consequences have been compared by eminent scientists as "second only to a global nuclear war". - This is a
statement of Greenpeace International. In this respect the official experts of the Intergovernmental Panel on
Climatic Change agree with the opinion of grassroots environmentalists: -- There is increasing empirical
evidence that human activity makes a noticeable impact upon the climate. ~ NASA goes even further: --
Humankind performs such a global experiment with the atmosphere of our planet, which may have
unforeseeable consequences. - There is a scientific, political and ethical consensus that the climatic instability
and global warming may become a central issue of humankind for the 21st century.

For scientists, facts and numbers tell more than emotional and eloquent declarations. In past centuries (1400--
1800) the CO2 concentration of the atmosphere was steady 0.028 %. Then due to the industrial revolution it
began climbing at an accelerated rate: 0.030 % in 1900, 0.031 % in 1950, 0.032 % in 1960,0,033 % in 1975,
0.035 % in 1990, 0.036 % for 2000. The industrial revolution raised the average global temperature by 0.6eC.
The hottest year of meteorological history was 1998, but the spring of 1999 was warmer by 0.6fiC than the
average of the 1960--1990 period. In the last summer, the temperature did not sink below lOOT in Dallas on 19
consecutive days. (This was higher than body temperature. In this case the human organism cannot get rid of the
surplus entropy.) The increased evaporation resulted in enhanced water circulation, drought and famine in the
tropical regions, and torrent floods at cooler regions. In 1998 thousands of humans died due to floods. The
Intergovernmental Panel on Climatic Change stated:

The fast climatic changes of the future imply surprises for us, due to the nonlinear character of the climate. The
behavior of such nonlinear systems will become especially unpredictable when the system is affected by quick
impacts. As example we may mention the change in the system of oceanic currents due to human interventions. -
Since then, El Nino made headlines.

The most sophisticated climatic predictions of the Lawrence Livermore Radiation Laboratory supercomputer,
taking into account also the reflectivity of the SO2 produced smog, reproduces the past trends and fluctuations
successfully, therefore its predictions are accepted. Humankind releases 30 billion (109) tons of CO2 year by year,
which makes 2 % of the total CO2 content of the atmosphere. A part of this released CO2 is absorbed by the green
vegetation and the oceans, but it is rather certain that the atmospheric CO2 content will double well within the
21st century. This will result in a temperature rise of 2-5aC, and a rise of see level well above 1 meter.

One must not forget where this CO2 surplus originates from. The U.S. releases 23% (i.e. 5.26 tons per capita per
year), Germany 5% (2.89 tons/capita/year), the developed countries altogether (the golden 1 billion) 70% of CO2.
China releases 12% (0.71 tons/capita/year), India releases 5% (0.24 tons/capita/year), the developing world
altogether (the poor 5 billion people) releases 30% of the CO2. The population of our planet doubled in the
second half of the 20th century. It is expected that the First World (with an average income of $10 000/year) will
keep its population steady and may double its standard of living. The Third World (with a present average
income of $1000) will triple its population and may quadruple its income. Anyway, it is hard to avoid the
conclusion that human industrial activity will increase tenfold in the next century.

At the United Nations and in the European Union the coastal countries make a majority. Due to the thermal
expansion of water, the rise of the sea level was 25 cm in the 2O'h century. (In the Ice Age the sea level was 100
m lower. The thickness of ice on the Arctic Sea reduced from 6 m to 4 m in the past 20 years. Melting the ice on
Greenland would result in a rise of 5m. Melting the ice of the Antarctica would make a rise of 60 m.) Thus there
is a strong diplomatic pressure to stop the greenhouse warming. The representatives of the world's nations
assembled in Kyoto in the last December. In their luggage, they took the following offers for the reduction of the
CO2 release till 2010 with respect to their level of 1990:

The European Union has a long coastline, they offered 15 % reduction. Switzerland (producing electricity
mainly from nuclear and hydropower) offered 10 % reduction. England offered 8 % reduction with respect to
1990 (they are now above the 1990 level by 12 %). Hungary intended to offer 8 % reduction. The American
delegation was in a difficult position: at present the U.S. is already by 10 % above the 1990 CO2 release, and the
Senate instructed the delegation to accept a return to the 1990 level if and only if also the Third World accepts
considerable reductions. The demand of the oceanic island countries was the overall reduction of 20 %. The
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same 20 % - reduction with respect to the 1990 global CO2 release - was demanded by the Greenpeace
International. Experts say that, for stopping the rise of the global atmospheric CO2 concentration, a reduction of
the yearly release by 60 % would be necessary. The finally reached agreement was the following:

European Union ~8 %
Bulgaria, Romania ~8 %
Czech Republic --8 %
Estonia, Latvia, Lithuania ~8 %
Switzerland - 8 %
Slovakia, Slovenia - 8 %

Seeing the U.S. policy, the E.U. also went back with its obligation. Russia would not mind a bit warming in
Siberia. The Third World has not committed itself, they argued that the present high CO2 level has been caused
by the First World. Thus the outcome was very modest, it will not solve the problem of global warming and sea
rising.

My personal opinion is that we cannot hope very much from politics. Politicians look ahead only to the next
election. Industrialists look ahead to the financial gain at the end of the year. The CO2 and freon molecules,
however, stay in the atmosphere for 100 years. The thermodynamical reaction time of the atmosphere may be
even longer, due to the huge heat capacity and CO2 absorbing capability of the oceans. For the same reasons, the
changes are irreversible — at least on human time scale. The fate of the global climate is not interesting for
politicians or businessmen. It is relevant only for parents who have children, and for teachers who have students.
Our students, children and grandchildren will we citizens of the 21st century.

11. CONCLUSION

In a democratic society, decisions have to be made by the society. The citizens have to understand the issues,
they should evaluate them with ethical responsibility, and they should force their decisions on the politicians.
This means that the incoming generations should understand and shape their future. I am convinced that
problems like the coal/nuclear power alternative can be solved only by education.

The memory of Hiroshima and Nagasaki, the memory of Three Mile Island and Chernobyl are a heavy burden
upon nuclear power. But the ethnic conflicts and irresponsible diplomatic behavior killed more people in former
Yugoslavia than the Hiroshima and Nagasaki bombs did. Gas accidents kill more than nuclear accidents. Air
pollution caused by coal industry (or smoking) kills hundred times more each year than Chernobyl might kill in
toto. But for a TV reporter it is difficult to understand that a graphite moderated, water cooled reactor shows
positive feedback at thermal fluctuation, but a water moderated, water cooled reactor shows a negative feedback:
it stops working when water boils away. The difference is similar to the difference in the responses of a barrel of
gasoline or a barrel of beer if we throw a flaming match into them.

If we ask the anti-nuclear activists, should we use the dirty coal power, which is far more dangerous for the
public, than nuclear power, they react: - Conserve energy! Insulate your windows! -But it is a wide experience
in Northern and Central Europe that after the oil crisis the increased insulation of dwellings raised the indoor
radon level by a factor of 2 to 4. And at moderate climate radon and its progenies produce the main radiation
load upon the population. (In Hungary, the average radon dose per year is ten times higher than the radiation
load from Chernobyl was in 1996; in spite of the fact that Chernobyl is only 600 km away from Budapest.)

We think that air pollution and global warming are ethical problems in the same way as nuclear armament is. We
try to discuss these problems with Hungarian teachers. They have noticed: if they discuss the issue of global
responsibility towards the future in physics, chemistry, geography and biology classes, each student (even to-be-
poets, businessmen and politicians) pay attention. This convinces the teachers that nuclear disarmament, energy
options, CO2 greenhouse are interesting scientific problems, which are made even more interesting due to their
societal relevance and the associated ethical responsibility. In a highly successful teacher initiative, over 15 000
Hungarian high school student have measured the radon activity concentrations year long in their own bedrooms.
When an Israeli educator raised the question to them: — How would you react in case of a nearby nuclear
accident of Chernobyl dimension? -- students answered: -We would measure the fallout! — The winter of
1996/97 was especially cold, frosty and snow-rich in Hungary. During that winter, the radon surplus dose
exceeded the 1986 surplus dose that Hungary received from Chernobyl. This was what high school students
measured and understood! They have also to understand, that our using high consumption cars now in Europe
may kill babies one generation from now 10 000 km away at the river delta in Bangladesh.
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This is a concrete way how we may educate to global citizenry. Let me repeat my thesis: in a democratic society
people must understand the future.

Integrated collective doses from specific events (UN SCEAR1993)

Hiroshima bomb explosion 1.5 thousand man-Sv
Windscale reactor accident 6 thousand man-Sv
Harrisburg reactor accident 0.05 thousand man-Sv
Chernobyl reactor accident 600 thousand man-Sv
El Chicon volcanic eruption 10 thousand man-Sv
All underground bomb tests 0.2 thousand man-Sv
Largest atmospheric hydrogen bomb test 1000 thousand man-Sv
All atmospheric bomb tests 30 000 thousand man-Sv

Collective global doses pro year

Watches with luminous dials 2 thousand man-Sv
Flying by airplanes 10 thousand man-Sv
Medical (X-ray) diagnosis 1800 thousand man-Sv
Medical radiotherapy 1500 thousand man-Sv
Phosphate fertilizer industry 300 thousand man-Sv
Geothermal power 0.005 thousand man-Sv
Natural gas production 0.003 thousand man-Sv
Oil industry 0.1 thousand man-Sv
Coal fired industry 110 thousand man-Sv
Public dose from nuclear industry 1 thousand man-Sv
Occupational dose from nuclear industry 2 thousand man-Sv
Living in houses (radon indoor) 6000 thousand man-Sv
Natural radioactivity 7000 thousand man-Sv

Collective dose from producing 1000 GW-year electricity

Coal
Oil
Peat
Natural gas
Geothermal power
Nuclear power

20 thousand man-Sv
0.5 thousand man-Sv

2 thousand man-Sv
0.03 thousand man-Sv

2 thousand man-Sv
6 thousand man-Sv

Students may calculate the number of victims by the (official) linear model (50 victims/thousand man-Sv) or by
the threshold model (negligible at low doses). As we have mentioned above, according to WHO estimate,
smoking demands 3 million victims per year, and this habit is wildly advertised on giant posters by multinational
firms in Eastern Europe and the Third World. Mining coal, feeding coal ovens, and cutting trees may result in
accidents. The number of (occupational + public) victims associated with the production of 1 GW-year
electricity is, according to official data of the International Atomic Energy Agency.
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COAL 0 L GAS PEAT W OOD NUKE
m iie-silicosis 0.3 0.1
in ine-acctient 1.1 0.9 0.4 1 1.2 0.04
m ine-radiation 0.02 0.3 0.04
transport 0.1 0.5 0.5 0.05 0.02 0.03 0.8 0.01 0.05
processing 0.06 0.5 0.05 0.06
construction 0.15 0.05 6 0.06 0.1
m aiitanence 0.16 20 0.02 0.9 0.1
production-rad . 0.7 0.25 0.002 0.1 1 1 0.02
reprocess, accid. 0.01
reprocess.rad 0.05 0.12
disposaLrad 0.47 0.25
victims total 23 total 8.1 total 0.5 tota 1 2 tota 1 2 total 0.7
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