Observations on Chernobyl
After 25 Years of Radiophobia

i - by Zbigniew Jaworowski, M.D., Ph.D., D.Sc.

Aerial view of the Chernoby! nuclear power plant encased in its sarcophagus.

the Chernobyl nuclear reactor, the fire that melted its core
died out spontaneously. But the drama of this catastrophe
still flourishes, nourished by politics, authorities, media, and

Ten days after two steam and hydrogen explosions blew up

interest groups of ecologists, charitable
organizations, and scientists. It lives in
the collective memory of the world and
propagates real health, social, and eco-
nomic harm to millions of people in Be-
larus, Russia, and the Ukraine. It is ex-
ploited in attempts to strangle the
development of atomic energy, the
cleanest, safest, and practically inex-
haustible means to meet the worlds en-
ergy needs. The world’s uranium re-
sources alone will suffice for the next
470,000 years (IAEA 2008).

Chernobyl was indeed an historic
event; it is the only nuclear power sta-
tion disaster that ever resulted in an oc-
cupational death toll, albeit a compara-
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The worst possible nuclear
plant accident produced
no scientifically confirmed
fatalities in the general
population. But there was

enormous political and
psychological damage,
mainly the result of belief
in the lie that any amount
of radiation is bad.
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tively small one. A vast environmental dispersion of
radioactivity occurred that did not cause any scientifically con-
firmed fatalities in the general population. The worst harm to
the population was caused not by radiation, and not to flesh,

but to minds.

This catastrophe provided many in-
valuable lessons. One of them is a rec-
ognition of the absurdity of the prevail-
ing linear no-threshold hypothesis
(LNT), which assumes that even near-
zero radiation dosage can lead to can-
cer death and hereditary disorders. That
the LNT is false, is shown by observing
that such damage did not occur after
Chernobyl.

Chernobyl was the worst possible
catastrophe. It happened in a danger-
ously constructed nuclear power reac-
tor with a total meltdown of the core
and 10 days of free emission of radionu-
clides into the atmosphere. Probably



nothing worse could happen. Yet, the resulting
human losses, although tragic, were minute in
comparison with catastrophes from other ener-
- gy sources.

| Highly sensitive monitoring systems that had
5| been developed in many countries for the de-
i tection of fallout from nuclear weapons enabled
1\ . 67 easy detection of minute amounts of Chernobyl
dust, even in remote corners of the world. This
. added to global epidemics of fear induced by

= the accident.
; Radioactive debris was dispersed into the tro-
posphere and stratosphere of the Northern
Hemisphere. up to at least 15 km altitude (Ja-
worowski and Kownacka 1994). On the first few
days after the accident, the concentrations of
radiocesium measured at this altitude over Po-
land (maximum 36.1 mBg/cubic meter at stan-
dard temperature and pressure, or STP) was 2 to
6 percent of that at the ground level. Such a high
vertical distribution and mixing enabled a small
portion of Chernobyl debris to pass over the
equatorial convergence and into
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A helicopter at the Chernobyl site in 1986, checking the damage to the reactor.
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of approximately 0.14 mSy, or 0.08 percent of the natural life-
time dose of 170 mSv. People living in the most contaminated
areas of the former Soviet Union received an average individual
annual whole-body radiation dose in 1986-1995 of 0.9 mSv in
Belarus, 0.76 mSv in Russia, and 1.4 mSv in Ukraine (UN-
SCEAR 2000b). Average doses estimated for the period 1986-
2005 are 2.4 mSv in Belarus, 1.1 mSv in Russia, and 1.2 mSv in
Ukraine (UNSCEAR 2008), respectively.

All these doses are dwarfed in comparison with natural radia-
tion doses in some parts of the world. For example, in Ramsar,
Iran, natural radiation doses reach more than 400 mSv/year
(Mortazawi et al. 2006), and in Brazil and southwestern France,
natural radiation doses reach up to more than 700 mSv per year
(UNSCEAR 2000b). (See Figure 1.)

A comparison of these doses and epidemiological observa-
tions should be a basis of realistic estimates of the latent medi-
cal consequences of the Chernobyl accident, rather than risk
factors based on the LNT. Such a comparison, and the com-
paratively minute health consequences, were apparent soon af-
ter the catastrophe (Jaworowski 1988), but this information was
not shared with the public. Recently the well-known British en-
vironmentalist James Lovelock, best known for his Gaia theory,
dispelled at length all the usual myths that surround the Cher-
noby! accident. Lovelock stated that for many years the scien-
tists who could have challenged the nonsense about the catas-
trophe chose to keep quiet (Murphy 2009). I do not feel guilty.

No harmful health effects have ever been detected in high
natural background radiation areas. This is consistent with oth-
er studies of the incidence of cancers in exposed populations.
In the United States and in China, for example, the incidence of
cancers was found to be lower in regions with high natural ra-
diation than in regions with low natural radiation (Frigerio et al.
1973, Frigerio and Stowe 1976, Wei 1990). Among British radi-
ologists exposed mainly to X-rays, cancer mortality was found
to be lower by about 50 percent than that in the average male
population of England and Wales (Berrington et al. 2001).

Also, in other population groups exposed to low doses of
ionizing radiation (i.e., patients diagnosed with iodine-131 and
X-rays, dial painters, chemists, and others exposed to ingested
or inhaled radium or plutonium, persons exposed to higher lev-
els of indoor radon, and A-bomb survivors) a lower percentage
of neoplastic malignancies was observed (Cohen 2000, Luckey
2003, UNSCEAR 1994). A Taiwan study of several thousand
residents of apartments contaminated with cobalt-60, who had
been chronically exposed to gamma rays for up to 20 years,
with total doses estimated to range from 120 to 4,000 mSy, re-
vealed that the cancer mortality and congenital malformations
of these residents substantially decreased rather than increased
(Chen et al. 2004), suggesting a stimulating or hormetic effect
of low doses of low linear-energy-transfer (LET) ionizing radia-
tion.

This finding was partially confirmed by a later study on can-
cer incidence in a similar Taiwan cohort, in which for all can-
cers (except leukemia and solid cancers), with the number of
cancer cases ranging from 119 to 190, there was a deficit of in-
cidence found in comparison with the unexposed population.
In groups of all types of leukemia and of some solid cancers of
particular organs, the number of cases was 1 to 2 orders of mag-
nitude smaller than in the first three groups (Hwang 2008).
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Environmentélists for Nuclear Energy
An orange from Ramsar, Iran, the region with one of the highest
natural background radiation levels in the world. The Ramsar
population has lower cancer rates than those of other areas. No
harmful health effects have ever been detected in high natural
background radiation areas.

About 3,000 reports on radiation hormesis were recently re-
viewed (Luckey 2003). In one study, among approximately
200,000 American, British, and Canadian nuclear workers ex-
posed to radiation, the total cancer deaths ranged from 27 per-
cent to 72 percent of the total cancer deaths in the control
group of non-nuclear workers (Luckey 2003). Such an hormetic
deficit invalidates the LNT, because the concept of hormesis
transcends any hypothesized dose threshold for excess cancers.
If there were no hormesis, the existence of a true threshold for
excess cancers might be impossible to demonstrate rigorously,
because of the statistical problems of proving an absolute
equality of effect in an epidemiological study at a very low dose
level. If, however, a deficit of cancers is observed in the popula-
tion irradiated at a relatively low dose level, as in hormesis,
there is often a statistically significant difference at an accept-
able confidence level (Webster 1993). This remark of Webster,
an UNSCEAR member, reflects discussions in the Committee
during preparation of its report on hormesis (UNSCEAR 1994).

A more recent study, based on collective doses for about
400,000 nuclear workers, found a 31 percent decrease in rela-
tive cancer mortality (Cardis et al. 2007), but nevertheless con-
cluded that these cancer death data were consistent with the
LNT relationship. This conclusion was based on an ad hoc ac-
cepted assumption of a confounding “healthy worker” effect for
the studied cohort. It was assumed that the nuclear workers
were selected for employment because they were more healthy.
However, the existence of this effect was not supported by their
data or by any other factual evidence.

The “healthy worker” effect could be correctly assumed only
if the cancer marker diagnostics (ACS 2009) and genetic tests
were used in pre-employment screening and selection of these
workers. But these procedures were not applied in the Cardis et
al. cohort, and even now they are not recommended by the In-
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An imaginary six-foot chicken from Chernobyl, written up as
news in the National Enquirer in 1986. Other products of hys-
teria about Chernobyl! radiation, including doctored photos,
are still in circulation.

ternational Commission on Radiological Protection, the direc-
tives of the European Union, or the IAEA International Basic
Safety Standards. Thus, this assumption is invalid and explains
nothing.

On the other hand, the statistical re-analysis of Cardis et al.
data clearly documents that their assumption of a “healthy
worker” effect was incorrect, and their data indicated that low
doses of ionizing radiation induced a hormetic effect in the ex-
posed nuclear workers (Fornalski and Dobrzynski 2009).

Chernobyl vs. Other Industrial Accidents

In terms of human losses (there were 31 early deaths) the ac-
cident in the Chernobyl nuclear power plant was a minor event
compared with many other major industrial catastrophes. In the
20th Century, more than 10 such catastrophes have occurred,
with tens of thousands of fatalities in each. For example, coal
smog killed approximately 12,000 people in London, between
December 1952 and February 1953 (Bell and Davis 2001). The
annual death toll from accidents in Chinese coal mines reached
70,000 deaths in the 1950s, and 10,000 in the 1990s (WNA
2009). In 1984, about 20,000 people perished after an explo-
sion in a pesticide factory in Bhopal, India (Dhara and Dhara
2002); and the collapse of a hydroelectric dam on the Bangiao
river in China in 1975 caused 230,000 fatalities (Altius 2008,
McCully 1998, Yi 1998).

The world does not celebrate the anniversaries of these enor-
mous man-made disasters, but year after year we do so for the
hundreds and thousands of times less deadly Chernobyl acci-
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dent. Ten years ago | discussed the possible causes of this para-
noiac phenomenon (Jaworowski 1999). Measured as early
deaths per electricity units produced by the Chernobyl facility
(nine years of operation, total electricity production of 36 giga-
watts of electricity (GWe), 31 early deaths) yields 0.86 deaths/
GWe-year). This rate is lower than the average fatalities from a
majority of other energy sources.

For example, the Chernobyl rate is 9 times lower than the
death rate from liquefied gas (Hirschberg et al. 1998) and 47
times lower than from hydroelectric stations (40.19 deaths/
GWe-year including the Bangiao disaster). But the political,
economic, social, and psychological impact of Chernoby! was
enormous. Let’s examine what happened starting with my per-
sonal experience.

Psychology Tuned by LNT

At about 9 A.M. on Monday, April 28, 1986, at the entrance
to my institute in Warsaw, | was greeted by a colleague who
said: “Look, at 7:00 we received a telex from a monitoring sta-
tion in northern Poland saying that the beta radioactivity of the
air there is 550,000 times higher than the day before. | found a
similar increase in the air filter from the station in our backyard,
and the pavement here is highly radioactive.”

This was a terrible shock. My first thought was, A NUCLEAR
WAR! It is curious that all my attention was concentrated on this
enormous rise of total beta activity in the air used to monitor ra-
diation emergencies from nuclear test fallout. Many years spent
during the Cold War on preparations to defend the Polish popu-
lation against the effects of a nuclear attack had conditioned my
colleagues and me to have such an exaggerated reaction.

We reacted that way although we knew, that on this first day
of Chernobyl in Poland, the dose rate of external gamma radia-
tion penetrating our bodies was higher only by a factor of 3
from the day before, and it was similar to the average natural
radiation doses which from time immemorial we have received
from ground and cosmic radiation. At 11 A.M., after we had
collected enough dust from the air for gamma spectrometry
measurements, we discovered that it contained cesium-134.
Thus, we knew that its source was not an atomic bomb, but a
nuclear reactor. This was tranquilizing news, which did not,
however, calm our frantic behavior.

In 1986, the impact of a dramatic increase in atmospheric
radioactivity dominated my thinking—and everybody else’s.
This state of mind led to immediate consequences. First there
were various hectic actions, such as ad hoc coining of different
limits for radionuclides in food, water, and other things. In par-
ticular countries, these limits varied by a factor of many thou-
sands, reflecting various political and mercenary factors and
the emotional states of the decision makers.

For example, Sweden allowed for 30 times more radioactiv-
ity in imported vegetables than in domestic ones, and Israel al-
lowed less radioactivity in food from Eastern Europe than from
Western Europe. The cesium-137 concentration limit in vegeta-
bles imposed in the Philippines was 22 Bq per kg, 8,600 times
lower than in the more pragmatic United Kingdom (Salo and
Daglish 1988). In Poland, a group of nuclear physicists and en-
gineers proposed a cesium-137 limit of 27 Bq in 1 kilogram for
any kind of food, but, fortunately, the authorities decided more
soberly and imposed a 1,000 Bq limit.
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Behind these restrictions, mean-
ingless from the point of view of hu-
man health, stood three factors: (1)
emotion; (2) the LNT mindset and
the international recommendations
based on it; and (3) a social need to
follow an old medical rule, Ut aliquit
fecisse videatur (to make it appear
that something is being done). That
third factor was a placebo used by
the authorities to dodge the worst
kind of criticism, i.e., accusations of
inactivity in the face of a monstrous
disaster. This led to an overreaction
in Europe and in some other coun-
tries, but at the greatest scale and
with the most severe consequences
in the Soviet Union.

The High-Cost of Hysteria

The costs of these regulations were
enormous. For example, Norwegian
authorities introduced a cesium-137
concentration limit of 6,000 Bg/kg
in reindeer meat and game, and a
600 Bg/kg limit for sheep (Henriksen
and Saxebol 1988). A Norwegian
eats an average of 0.6 kg of reindeer
meat per year. The average radiation
dose from eating this amount of meat
is estimated to be about 0.047 mSv
per year. Thus, this measure was
aimed to protect Norwegians against a radiation dose about
200 times lower than the natural dose in some regions of Nor-
way of 11 mSv per year (UNSCEAR 1982).

The costs of this protection climbed to over $70 million in
1986, and in the 1990s it was still about $4 million per year
(Christensen 1989, Idas and Myhre 1994). This means that un-
necessary and wasteful restrictions, once implemented under
the influence of the above three factors, have a long lifetime.

The hysterical reaction of authorities, further excited by ex-
tremely exaggerated media reports, is well exemplified by the
Japanese government’s cancellation of a several-hundred-mil-
lion (in U.S. dollars) contract for shipping Polish barley to Japan
for the production of beer. This happened in May 1986, a few
days after completely false information of extreme contamina-
tion of Poland by Chernobyl fallout appeared on the front page
of the biggest Japanese daily, Asahi Shimbun. It screamed with
block letters, “DUST OF DEATH IN POLAND,” and it cited my
name as the source of the information.

| was asked by the Polish government to write a text in English
which might be used to avert this loss of money. | did this during
a weekend spent with my wife in our cottage on the banks of the
Vistula, together with John Davis, the American ambassador to
Poland, and his charming wife, Helene. When | finished my
writing assignment, | asked John to correct the language. He
said that the English was almost OK, but not exactly in proper
diplomatic style. He then proceeded to change the text com-
pletely.
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Author Zbigniew Jaworowski, speaking here at a
2005 geophysical meeting in Warsaw.

On Monday a spokesman for the
communist government asked me
to read the text at his press confer-
ence. | presented the talk, but after |
finished, he distributed copies of the
talk to the waiting flock of journal-
ists. He was totally unaware that the
written text had been prepared by
the U.S. ambassador. A visit by the
Japanese ambassador to our Central
Laboratory for Radiation Protection
managed to salvage the contract.

A few days later, Ambassador Da-
vis arranged an international deal
for shipment by air of large quanti-
ties of powdered milk for Polish
children, to replenish strategic re-
serves that were rapidly being de-
pleted. This was not an easy task,
because other European countries,
in a similar position to ours, refused
to sell their milk. As we now know,
during the next four years the Da-
vises played a delicate but pivotal
role in realizing a major goal for the
people of Poland, the Solidarity
movement’s victory over commu-
nism (Davis 2009, Davis et al.
2006). As explained below, Solidar-
ity’s triumph was related to the Cher-
nobyl accident.

Katarzyna Dopieralska-Skowronska

The Costly Folly of LNT

A classic example of wastefully applying the LNT principle to
the Chernobyl emergency was provided by Swedish radiation-
protection authorities. When the farmers near Stockholm dis-
covered that the Chernobyl accident had contaminated their
cows’ milk with cesium-137, above the limit of 300 Bq per liter
imposed by authorities, they wrote the authorities to ask if their
milk could be diluted with uncontaminated milk from other re-
gions, to bring it below the limit. This would be done by mixing
1 liter of contaminated milk with 10 liters of clean milk.

To the farmers’ surprise and disappointment, the answer was
“no,” and the milk was then to be discarded. This was a strange
ruling since it has always been possible to reduce pollutants to
safer levels by dilution. We do this for other pollutants in food-
stuffs, and we dilute fumes from fireplaces or ovens with atmo-
spheric air in the same way that nature dilutes volcanic emis-
sions or forest fire fumes. The Swedish authorities explained
that even though the individual risk could be reduced by dilut-
ing the milk, this would, at the same time, increase the number
of consumers. Thus, the risk would remain the same, but now
spread over a larger population (Walinder 1995).

Although ridiculous, this was a faithful application of the In-
ternational Commission on Radiological Protection recom-
mendations, based on the LNT assumption and its offspring, the
concept of “collective dose”; that is, reaching terrifyingly large
numbers of man-sieverts by multiplying tiny, innocuous indi-
vidual radiation doses by a large number of exposed people.

21st Century Science & Technology



Elisabeth Zeiller/IAEA
A local market, where food samples were taken for use in the
IAEA diet study of the Chernobyl Assessment Project. The hys-
teria around the accident and the adherence to the LNT thesis
led to widely varying regulations restricting food use that cost
European nations millions of dollars.

In an earlier paper, | exposed the negative consequences and
lack of sense in the LNT assumption, and the collective dose
and dose-commitment concepts (Jaworowski 1999). The appli-
cation of these principles has caused the costs of the Chernobyl
accident to exceed $100 billion in Western Europe (Becker
1996), and much more in post-Soviet countries where it has led
to untold suffering and the pauperization of millions of people.
The international institutions standing behind this assumption
and these concepts certainly will not admit responsibility for
their disastrous consequences. They should.

Some LNT History

The linear no-threshold hypothesis was accepted in 1959 by
the International Commission on Radiological Protection (ICRP
1959) as the philosophical basis for radiological protection.
This decision was based on the first report of the newly estab-
lished United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR 1958). A large part of this report
was dedicated to a discussion of linearity and of the threshold
dose for adverse radiation effects.
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Fifty years ago, UNSCEAR'’s stand on this subject was formed
after an in-depth debate that was not without influence from the
political atmosphere and issues of the time. The Soviet, Czecho-
slovakian, and Egyptian delegations to UNSCEAR strongly sup-
ported the LNT assumption, and used it as a basis for recom-
mendation of an immediate cessation of nuclear test explosions.
The LNT was also supported by the Soviet Union during the
later years of the Cold War (Jaworowski 2009), and this was
consistent with the thinking of American authorities.

The target theory prevailing in the 1950s and the then new re-
sults of genetic experiments with fruit flies irradiated with high
doses and dose rates, strongly influenced this debate. In 1958,
UNSCEAR stated that contamination of the environment by nu-
clear explosions increased radiation levels all over the world and
thus posed new and unknown hazards for present and future
generations. These hazards, UNSCEAR stated, cannot be con-
trolled, and “even the smallest amounts of radiation are liable to
cause deleterious genetic, and perhaps also somatic, effects.”

This sentence had an enormous impact in subsequent de-
cades, and has been repeated in a plethora of publications.
Even today, it is taken as an article of faith by the public. How-
ever, throughout the entire 1958 report, the original UNSCEAR
view on LNT remained ambivalent. As an example, UNSCEAR
accepted as a threshold for leukemia a dose of 4,000 mSv (page
42); but at the same time, the Committee accepted a risk factor
for leukemia of 0.52 percent per 1,000 mSy, assuming LNT
(page 115). The committee quite openly presented this difficul-
ty, and showed its consequences in a table (page 42).

Continuation of nuclear weapons tests in the atmosphere
was estimated to cause 60,000 leukemia cases worldwide, if no
threshold were assumed, and zero leukemia cases if a threshold
of 4,000 mSv were in place. In its final conclusions, UNSCEAR
pinpointed this dilemma: “Linearity has been assumed primar-
ily for purposes of simplicity,” and “There may or may not be a
threshold dose. The two possibilities of threshold and no-thresh-
old have been retained because of the very great differences
they engender.”

After a half-century, we still discuss the same problem. In
1958, UNSCEAR had no doubts about major genetic defects in
the world population that could be caused by nuclear test fall-
out, and estimated them as high as 40,000. But later, the Com-
mittee learned that even among the children of highly irradiat-
ed survivors of atomic bombings, no statistically significant
genetic damage could be demonstrated (UNSCEAR 2001).

However, in the International Commission on Radiological
Protection document of 1959, no such controversy and no hes-
itations appeared. The LNT was arbitrarily assumed, and seri-
ous epistemological problems related to the impossibility of
finding harmful effects at very low levels of radiation were ig-
nored. Over the years, the working assumption of the Interna-
tional Commission in 1959 came to be regarded as a scientifi-
cally documented fact by the mass media, public opinion, and
even many scientists. The LNT assumption, however, is not a
proven scientific principle, and belongs in the realm of admin-
istration (Jaworowski 2000).

LNT ad Absurdum
The absurdity of the LNT was brought to light in 1987, when
minute doses of Chernobyl radiation were used to calculate
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that 53,000 people would die of Chernobyl-
induced cancers over the next 50 years
(Goldman et al. 1987). This frightening
death toll calculation was derived simply by
multiplying the trifling Chernobyl doses in
the United States (0.0046 mSv per person)
by the vast number of people living in the
Northern Hemisphere, and by a cancer risk
factor based on epidemiological studies of
75,000 atomic bomb survivors in Japan.

But the A-bomb survivor data are irrele-
vant to such estimates because of the differ-
ence in the individual doses and dose rates.
A-bomb survivors were flashed within less
than a second by radiation doses at least
50,000 times higher than any dose that U.S.
inhabitants will ever receive over a period of
50 years from the Chernobyl fallout.

We have reliable epidemiological data
for a dose rate of perhaps 1,000 or 6,000
mSv per second in Japanese A-bomb survi-
vors. But there are no such data for human
exposure at a dose rate of 0.0045 mSv over
50 years, nor will there ever be any. The
dose rate in Japan was larger by a factor of
about 10" than the Chernobyl dose rate in
the United States. Extrapolating over such a
vast span is neither scientifically justified
nor epistemologically acceptable. It is also morally suspect
(Walinder 1995). Indeed, Lauriston Taylor, the late president of
the U.S. National Council on Radiological Protection and Mea-
surements, deemed such extrapolations to be a “deeply immor-
al use of our scientific heritage” (Taylor 1980).

In its document on protection of the public in a major radia-
tion emergency, the International Commission on Radiological
Protection recommended the administration of stable iodine, in
the form of tablets to be taken before, or as soon as possible af-
ter, the start of exposure to radioactive iodine-131 (ICRP 1984).
The Commission advised applying this prophylactic measure to
everybody—pregnant women, neonates, young infants, and
adults—starting at the projected thyroid dose of 50 mSv. This
recommendation was based on the LNT dogma. We followed it
in Poland.

In the late afternoon of April 28, 1986, we learned from the
BBC that there was a reactor accident in Chernobyl. We had
seen the radioactive cloud flowing over Poland from east to
west, and we had the first data on concentration levels of radio-
iodine in grass and soil in eastern Poland and in Warsaw. Using
these data, | calculated that contamination of thyroid glands of
Polish children might reach a limit of 50 mSv, and much more
if the situation in Chernobyl and weather conditions further ag-
gravated the situation.

Meaningless Administration of Stable lodine
In our Institute we had no information from the Soviet Union
on the current state of affairs or of any projections regarding the
behavior of the destroyed reactor. Therefore, we assumed that
in the next few days the radioactivity in the air would increase
and cover the whole country. We prepared a portfolio of coun-
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Courtesy of Zbigniew Jaworowski

Prophylactic doses of stable iodine were administered in liquid form (Lugol) with-
in three days of the Chernobyl accident to 18.5 million children and adults in Po-
land. In agreement with the recommendations of the International Commission
on Radiological Protection and the International Atomic Energy Agency (all based
on the LNT), the author had recommended this vast operation to the Polish gov-
ernment. Now, he regards this action as futile.

termeasures to be implemented by the government.

| presented this project at a meeting of the deputy prime min-
ister, several ministers, and high ranking secretaries of the Cen-
tral Committee of the Polish United Workers Party, at about 4
A.M. on April 29. The most important measure recommend-
ed—and also accepted after a short discussion by this mixture
of government and party officials—was stable iodine prophy-
laxis to protect the thyroid glands of children against iodine-
131 irradiation.

Administration of stable iodine in liquid form (as a solution of
Lugol) was initiated in the northeastern part of Poland, approxi-
mately 38 hours after we discovered the Chernobyl fallout (at
approximately midnight on April 28). Treatment was given for
the next three days, and about 18.5 million people, including
adults, received the stable iodine drug.

We were able to perform this action successfully because we
had already made plans for implementing nuclear war emer-
gency measures. In the 1960s, our Institute had recommended
that the government prepare for such an event by distributing
strategic stores of stable iodine at sites all over the country, as
the only reasonable measure against body contamination from
fission products. The program was implemented in the early
1970s, and each Polish pharmacy, hospital, and various other
institutions had large supplies of iodine.

At the time of the Chernobyl accident, Poland had more than
enough iodine ready for use for approximately 100 doses for
each Polish citizen. A few years after the catastrophe, it was es-
timated that in the more contaminated parts of the country the
average thyroid radiation dose in the 1- to 10-year-old age
group was about 70 mSy, and in about 5 percent of children the
maximum dose was about 200 mSv (Krajewski 1991).

21st Century Science & Technology



The ghost town of Pripyat in July 2005. Its 47,000 residents, including 17,000 children, were
completely evacuated the day after the accident in 1986. Pripyat was built in the 1970s to
house Chernobyl workers in the 1970s, it was one of the “youngest” towns in the then So-
viet Union; the average age of its inhabitants was 26. Today, it is frozen in time. The ferris
wheel (center left) is part of an amusement park that never opened. It should be resettled!

A decade later, we learned that among the more than 34,000
Swedish patients who were not suspected of having thyroid
cancers, and whose thyroids were irradiated with iodine-131
up to doses of 40,000 mSv (average dose 1,100 mSv), there was
no statistically significant increase in thyroid cancers, but rather
a 38 percent decrease in their incidence (Dickman et al. 2003,
Hall et al. 1996, Holm et al. 1988).

If I knew then what | know today, | would not have recom-
mended to the Polish government such a vast prophylactic ac-
tion, not because of its allegedly adverse medical effects—there
were none (Nauman 1989)—but because its practical positive
health effect was meaningless.

Harmful Mass Evacuations

The most nonsensical, expensive, and harmful action, how-
ever, was the evacuation of 336,000 people from contaminated
regions of the former Soviet Union, where the radiation dose
from Chernobyl fallout was about twice the natural dose. Later,
this limit was decreased to even below the natural level, and
was some five times lower than the radiation dose rate of 5.25
mSv/year at Grand Central Station in New York City, which is
constructed with natural granite (Benenson et al. 2006).

Contaminated areas were defined as being those where the
average cesium-137 ground deposition density exceeded 37 kBq
per square meter. In the Soviet Union, these areas covered
146,100 square kilometers. The Chernoby! fallout of about 185
kBq per square meter or more also covered large areas of Austria,
Bulgaria, Finland, Norway, and Sweden (UNSCEAR 2000b).
Small areas with Chernobyl fallout, reaching up to about 185
kBq per square meter, were also found in other countries (Great
Britain, Greece, Romania, Switzerland, and Turkey (EUR 1996)).
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The average radiation doses re-
ceived in areas with a cesium-137
deposition density of about 37 kBq
per square meter were estimated at
about 1.6 mSv during the first year
after the Chernobyl accident, and
the lifetime dose (after 70 years)
was predicted to reach 6 mSv (UN-
SCEAR 1988). This activity level is
10 times lower than the average
amount (400 kBq per square me-
ter) of about 50 natural radionu-
clides presentin a 10-cm-thick lay-
er of soil (Jaworowski 2002). The
corresponding Chernobyl lifetime
radiation dose is 28 times lower
than the average natural lifetime
dose of about 170 mSv. But the an-
nual dose from 37 kBq of cesium-
137 per square meter was similar
to the 1 mSv/year dose limit rec-
ommended by the International
Commission on Radiological Pro-
tection for the general population,
and this is why it was accepted by
the Soviet authorities as a yardstick
for remedial measures.

The evacuation caused great
harm to the populations of Belarus, Russia, and the Ukraine. It
led to mass psychosomatic disturbances, great economic loss
and traumatic social consequences. According to Academician
Leonid A. llyin, the leading Russian authority on radiation pro-
tection, the mass relocation was implemented by the Soviet
government under the pressure of populists, ecologists, and
self-appointed specialists, and it was done against the advice of
the best Soviet scientists (Ilyin 1995, Ilyin 1996). The really dan-
gerous air radiation dose rate of 1 Gy/hour on April 26, 1986
(0.01 Gy/hour two days later) covered an uninhabited area of
only about 0.5 square kilometers in two patches, reaching up to
a distance of 1.8 km southwest of the Chernobyl reactor (UN-
SCEAR 2000b).

Based on these data, there was no valid reason for the mass
evacuation of 49,614 residents from the city of Pripyat and the
village of Yanov, situated about 3 km from the burning reactor.
In these settlements, the radiation dose rate in the air on April
26, 1986 was 1 mSv/hour (UNSCEAR 2000b), and two days
later it was only 0.0T mSv/hour. Thus, with a steadily decreas-
ing radioactivity fallout, the dose rate was not dangerous at all.

However, according to L.A. llyin, one of the leaders of the
Chernobyl rescue team, there was a danger that the corium (the
melted core of the reactor, with a total volume of about 200 cu-
bic meters, a mass of about 540 tons, and a temperature of
about 2000°C,) might penetrate down through the concrete
floor and spread to rooms below. The team suspected that in
these rooms there could have been a great volume of water,
with which the corium could come into contact. This would
have led to a much more powerful explosion than the initial
one, and caused a vastly greater emission of radioactivity,
which could have covered Pripyat and Yanow with lethal fall-

Petr Pavlicek/IAEA
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Fornalski 2009
Radliation measurement in Pripyat on April 10, 2008 at a sports
stadium in the downtown area of the abandoned city, which is
about 4 km northwest from the Chernobyl reactor. The dose rate
was 0.28 pSv/hour or 2.5 mSv/year. This is more than 10 times
lower than the natural radiation in many areas of the world.

out. Therefore, the evacuation of the whole population of these
localities was a correct precautionary measure that was carried
out in an orderly manner in only two hours.

But the evacuation and relocation of the remaining approxi-
mately 286,000 people, of whom there were about 220,000
after 1986 (UNSCEAR 2000b), was an irrational overreaction,
induced in part by the influence of the International Commis-
sion of Radiological Protection and International Atomic Ener-
gy Agency recommendations based on the LNT (llyin 1995).
The current reluctance of the Ukrainian authorities to resettle
the residents back to Pripyat (now a slowly decaying ghost town
and tourist attraction) does not seem rational. The radiation
dose rate measured on April 10, 2008 in the streets of this city
ranged from 2.5 to 8.4 mSv/year, i.e., more than 10 times lower
than natural radiation in many regions of the world (Fornalski
2009).

Psychosomatic Epidemics

In addition to the 28 fatalities among rescue workers and em-
ployees of the power station, caused by very high doses of radia-
tion (2.9-16 Gy), and 3 deaths due to other reasons (UNSCEAR
2000b), the only real adverse health consequences of the Cher-
nobyl catastrophe among approximately 5 million people living
in the contaminated regions were the epidemics of psychoso-
matic afflictions that appeared as diseases of the digestive and
circulatory systems and other post-traumatic stress disorders,
such as sleep disturbance, headache, depression, anxiety, es-
capism, learned helplessness, unwillingness to cooperate, over-
dependence, alcohol and drug abuse, and suicides.

These diseases and disturbances could not have been caused
by the minute irradiation doses from the Chernobyl fallout (av-
erage dose rate of about 1 to 2 mSv/year), but they were caused
by radiophobia, a deliberately induced fear of radiation, aggra-
vated by wrongheaded administrative decisions and even, par-
adoxically, by increased medical attention, which leads to di-
agnosis of subclinical changes that persistently hold the
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attention of the patient.

Bad administrative decisions made several million people
believe that they were victims of Chernobyl, although the aver-
age annual dose they received from Chernobyl radiation was
only about one third of the average natural dose. This was the
main factor responsible for the economic losses caused by the
Chernobyl catastrophe, estimated to have reached $148 billion
by 2000 for the Ukraine, and to reach $235 billion by 2016 for
Belarus.

Psychological factors and a failure to teach radiological pro-
tection in medical school curricula might have led to abortions
of wanted pregnancies in Western Europe during the period soon
after the accident, where physicians wrongly advised patients
that Chernoby! radiation posed a health risk to unborn children.
However, numerical estimates of this effect (Ketchum 1987, Spi-
nelli and Osborne 1991) cast doubt on this assumption.

Similarly uncertain are estimates of the number of decisions
against conception probably taken in Europe during the first
few months after the accident (Trichopoulos et al. 1987). This
problem was discussed in 1987 by an IAEA Advisory Group,
which concluded that medical practitioners having direct con-
tact with the population at large are among the most important
persons who might develop the right perception of risks in nu-
clear emergencies, prevent social panic and overreactions, and
help to ensure the rational behavior in the society.

 Petr Pavlicek/IAEA
A doctor from the IAEA International Chernoby! Project exam-
ines a child in Ukraine, 1990. Although the average radiation
dose to the several million people around Chernobyl was only
about one third of the average annual dose from natural radia-
tion, the panic and radiophobia after the accident created a
class of “Chernobyl victims,” with many disorders related to ra-
diophobia, not actual radiation dose.
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Elisabeth Zeiler/IAEA

A group of villagers being interviewed for the IAEA epidemiological

study during the International Chernobyl Assessment Project.

After the Chernobyl accident the public very often turned for
help to medical practitioners, but physicians were unable to pro-
vide realistic advice, even on minor problems. This was because
medical curricula did not at that time prepare doctors for nuclear
emergencies. In none of the nine countries represented at the
meeting were the principles of radiobiology and radiation pro-
tection included in medical school curricula (IAEA 1987). Lack
of knowledge in this important group was among the factors that
increased public anxiety and stress. It seems that now, two de-
cades later, the situation in this respect is very much the same.

Effects of Chernobyl Fallout on the Population

In 2000, the United Nations Scientific Committee on the Ef-
fects of Atomic Radiation (UNSCEAR
2000b) and in 2006, the United Na-
tions Chernobyl Forum (a group com-
posed of representatives from eight
U.N. organizations, the World Bank,
and the governments of Belarus, Rus-
sia, and the Ukraine) stated in their
documents that, except for thyroid
cancers in the population of highly
contaminated areas, there was no ob-
served increase in the incidence of
solid tumors and leukemia, and no
observed increase in genetic diseases.
An increase in registration of thyroid
cancers in children under 15 years
old was first found in 1987, one year
after the accident, in the Bryansk re-
gion of Russia, and the greatest inci-
dence, of 0.027 percent of children
under 15 was found in 1994.

Both of these studies were made too
early to be in agreement with what we
know about radiation-induced can-
cers. The mean latency period for ma-
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lignant thyroid tumors in adults and children exposed to
external and internal medical irradiation with less than
20 to more than 40 Gy is about 28 years (Kikuchi et al.
2004, UNSCEAR 2000b).

Kikuchi et al. tried to explain the discrepancy be-
tween the clinical experience and the Chernobyl find-
ings with some exotic ideas, such as, for example, radia-
tion leakage or other environmental conditions;
exposure to carcinogens that occurred near Chernobyl
prior to the nuclear accident; and a genetic predisposi-
tion of the population to thyroid cancer. However, the
serendipitous effect of mass screening and diagnosis, al-
ready suspected in 1987, is a more likely explanation.

The Clinical Screening Effect

The number of 4,000 new thyroid cancers registered
among the children from Belarus, Russia, and the
Ukraine should be viewed in the context of the ex-
tremely high occurrence of these dormant subclinical
malignant tumors that contain transformed tumor cells,
which are quite common in the world population (Ak-
slen and Naumov 2008, Weinberg 2008). For example,
the incidence of occult thyroid cancers, varies from 5.6 percent
in Colombia, 9.0 percent in Poland, 9.3 percent in Minsk (Be-
larus), 13 percent in the United States, and 28 percent in Japan,
to 35.6 percent in Finland (Harach etal. 1985, Moosa and Maz-
zaferri 1997). In Finland, these dormant thyroid cancers are ob-
served in 2.4 percent of children (Harach et al. 1985), that is,
some 90 times more than the maximum observed in the Bry-
ansk region, the most contaminated in Russia.

In Minsk, Belarus, the normal incidence of occult thyroid can-
cers is 9.3 percent (Furmanchuk et al. 1993). The “Chernoby!”
thyroid cancers are of the same histological type and are similar
in invasiveness to the occult cancers (Moosa and Mazzaferri
1997, Tan and Gharib 1997). Since 1995, the number of regis-

Petr Pavlicek/IAEA

The new town of Slavutich, 50 km from Chernobyl, which was built for the displaced
persons of Chernobyl.
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tered cancers has tended to decline. This is
not in agreement with what we know about
radiation-induced thyroid cancers, whose la-
tency period is about 5-10 years after irradia-
tion exposure (Inskip 2001), and whose risk
increases until 15-29 years after exposure
(UNSCEAR 2000a).

In the United States the incidence rate of
thyroid tumors detected between 1974 and
1979 during a screening program, was 21
times higher than before the screening (Ron
et al. 1992), an increase similar to that ob-
served in three former Soviet countries. It ap-
pears that the increased registration of thy-
roid cancers in contaminated parts of the
countries affected by Chernobyl is a classi-
cal screening effect.

According to the regulations of the Belar-
usian Ministry of Health, the thyroids of all
people who were younger than 18 in 1986
and those of each inhabitant of contaminat-
ed areas must be diagnosed every year
(Parshkov et al. 2004). More than 90 percent
of children in contaminated areas are now
examined for thyroid cancers every year
with ultrasonography and other methods. It
is obvious that such a vast-scale screening,
probably the greatest in the history of medi-
cine, resulted in finding thousands of the oc-
cult cancers, or incidentalomas, expanded
to forms detectable by modern diagnostic
methods that were not in routine use in the
Soviet Union before 1986.

Data for the past 20 years, published by
Ivanov et al. in 2004 and cited in the UN-
SCEAR and Chernobyl Forum documents
(Forum 2005, Forum 2006, lvanov et al.
2004, UNSCEAR 2008) show, in comparison
to the Russian general population, that there
was a 15 to 30 percent lower mortality from
solid tumors among the Russian Chernobyl
emergency workers, and a 5 percent lower
average solid tumor incidence among the
population of the Bryansk district, the most
contaminated in Russia (Figures 2 and 3).

In the most exposed group of these people
(with an estimated average mean radiation
dose of 40 mSv), a 17 percent decrease in the
incidence of solid tumors of all kinds was
found. In the Bryansk district, the leukemia
incidence is not higher than in the Russian
general population. According to UNSCEAR
(2000b), no increase in birth defects, con-
genital malformations, stillbirths, or prema-
ture births could be linked to radiation expo-
sures caused by the Chernobyl fallout. The
final conclusion of the UNSCEAR 2000 re-
port is that the population of the three main
contaminated areas, with a cesium-137 de-
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Figure 2

STANDARD MORTALITY RATIOS FOR SOLID CANCERS AMONG THE
RUSSIAN EMERGENCY WORKERS
The values of standard mortality ratios (SMR) indicate how the cancer mor-
tality of emergency workers differs from that of the general population of
Russia, which was used as a control group (SMR = 1.0). The deficit of can-
cers among these workers between 1990 and 1999, ranged between 15 per-

cent and 30 percent.
Source: Ivanov et al. 2004, p. 225

130

1.25-
120
1.154

1.10 1

SIR

1,05 ] I -
1.00 -
0.95-]

1 C
0.90 -

0.85-
1

080

-

"'l"-'lllll‘l' T
1090 1991 1992 1993 1094 1995 1996 1997 1968 1990

Figure 3

STANDARD INCIDENCE RATIOS FOR SOLID CANCERS IN THE
BRYANSK REGION OF RUSSIA
The average deficit of cancers in the inhabitants of the Bryansk region was 5
percent, and in the most exposed group (mean radiation dose of 40 mGy) it

was 17 percent.
Source: Ivanov et al. 2004, pp. 373-374
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Checking radiation in a house in the village of Babovichi, Rus-
sian Federation, in August 1990.

position density greater than 37 kBg/square meter, need not live
in fear of serious health consequences, and forecasts that gener-
ally positive prospects for the future health of most individuals
should prevail.

The publications of the U.N. Chernoby! Forum present a rath-
er balanced overview of the Chernobyl

Figure 4
CHERNOBYL RADIATION AFTER THE ACCIDENT

The radiation dose rate in air on April 26, 1986 in the lo-
cal area of the Chernobyl reactor. Units of the isolines are
sieverts per hour. Only in the two patches inside the 1 Sv
isolines were the dose rates life endangering, during the
first two days. After two days, the dose rates decreased
about 100 times.

Source: Adapted from UNSCEAR 2000

health problems, but with three impor-

tant exceptions. The first (mainly after
Cardis et al. 2005) is ignoring or down-
playing the effect of screening for thy-
roid cancers in about 90 percent of the
population (see discussion above), and
interpreting the results with a linear no-
threshold dose-response model.

The paper by Cardis et al., however,
was criticized for this interpretation, as
not confirmed by the data presented
and attributing most of the thyroid can-
cers to radiation (Scott 2006). Both the
Chernobyl Forum and the 2005 and
2006 papers by Cardis et al. ignore the
aforementioned fundamental problem
of occult thyroid cancers in the former
Soviet Union and elsewhere in Europe.

The incidence of thyroid occult can-
cers increased rapidly after the advent
of new ultrasonography diagnostics
(Topliss 2004), reaching up to 35.6 per-
cent (see above). This incidence is more
than 1,300 times higher than the maxi-
mum thyroid cancer incidence found

The plumes of radiation formed by meteorological conditions on the days follow-
ing March 26, 1986. The dates and times are indicated in Greenwich Mean Time.
Source: Adapted from UNSCEAR 2000
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Figure 5
RADIATION PLUMES AFTER THE CHERNOBYL ACCIDENT

in the Bryansk region of Russia in 1994
(UNSCEAR 2000b), which implies a
vast potential for bias. It seems that there still has not been an
epidemiological study of the temporal changes of intensity of
thyroid screening in the former Soviet Union. The conclusions
of the epidemiological studies that did not take into account
these changes in screening may be invalid.

In the Bryansk region of Russia, the thyroid cancer incidence
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was found to be 45 percent higher in males and 90 percent
higher in females, than for the Russian population as a whole.
However, when dose-response analyses were performed, using
external and internal comparisons, no positive association of
thyroid cancers with radiation dose was observed. Instead, a
negative association was observed, i.e. a hormetic effect (Iva-
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not based on epidemiological data

of cancer mortality observed during
the past 20 years by Ivanov etal. No
such increase was demonstrated by
Ivanov et al. (2004), but rather a de-
crease of solid tumor and leukemia
deaths among exposed people.
These epidemiological data, rather
than the LNT assumption, should
be used as the basis for a realistic
projection of the future health of
the millions of people officially la-
beled “victims of Chernobyl.”
However, the Chernobyl Forum
instead chose to use the LNT radia-
tion risk model (ICRP 1991) and
performed a simplistic arithmetical
exercise, multiplying small doses
by a great number of people, and
including a radiation risk factor de-

Figure 6

SURFACE GROUND MAP OF CESIUM-137

RELEASED IN THE CHERNOBYL ACCIDENT

Source: Adapted from UNSCEAR 2000

duced from the Hiroshima and Na-
gasaki studies.

This is an entirely fallacious
method. People living in areas
highly contaminated by the Cher-
nobyl fallout were irradiated dur-

nov etal. 2004). These results strongly suggest that the increased
cancer rates in Bryansk (and, by implication, in other contami-
nated regions) compared with general population rates are the
result of thyroid cancer screening and better reporting, rather
than radiation exposure (Ron 2007).

Even more important a problem in the U.N. Chernoby! Fo-
rum report was that it ignored the decrease of thyroid cancer
incidence of up to 38 percent, after the iodine-131 treatment of
many thousands of non-cancer patients with thyroid radiation
doses similar to, or higher than, those from the Chernobyl fall-
out (Dickman et al. 2003, Hall et al. 1996, Holm et al. 1991,
and Holm et al. 1988).

The second problem with the Chernobyl Forum report is esti-
mation of deaths among the patients with acute radiation dis-
ease. From among 134 persons with this disease who had been
exposed to extremely high radiation doses, 31 died soon after the
accident. Among the 103 survivors, 19 died before 2004. Most of
these deaths were caused by such disorders as lung gangrene,
coronary heart disease, tuberculosis, liver cirrhosis, fat embolism,
and other conditions that can hardly be defined as caused by
ionizing radiation. Nevertheless, the Chernobyl Forum presents
them as a resulting from high irradiation and sums them up to ar-
rive at a total of approximately 50 victims of acute irradiation.

After many summers, all the 103 survivors will eventually
die. The Chernobyl Forum philosophy would then count them
all, yielding a round total of 134 victims of high irradiation. In
fact, the mortality rate among these 103 survivors was 1.08 per-
cent per year, that is, less than the average mortality rate of 1.5
percent in the three affected countries in 2000 (GUS 1991).

And finally, the third Chernobyl Forum “problem” is its pro-
jections of future fatalities caused by low-level Chernobyl radia-
tion, from 4,000 up to exactly 9,935 deaths. These numbers are
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ing a protracted time. The dose
rates in Hiroshima and Nagasaki, in contrast, were higher by a
factor of about 10" than the average dose rate of the Chernobyl
victims that was used in the Forum'’s projections. The result of
this exercise is nothing more than a fantastic lie.

Several scientific and radiation protection bodies, including
UNSCEAR, the Health Physics Society (Mossman et al. 1996),
the French Academy of Science (Tubiana 1998), and even the
chairman of the International Commission on Radiological Pro-
tection (Clarke 1999), advised against making such calcula-
tions. Merely publishing these numbers is harmful and petrifies
the Chernoby! fears.

Any efforts to explain the intricacies of radiation risk assess-
ments to the public, or to compare these numbers with the
much higher level of spontaneous cancer deaths, will be futile
exercises. The past 20 years has proved that such efforts are
worthless. Making such calculations keeps a lot of people busy
and well, but has no relationship to reality and honesty. The
Forum’s elucubrations, however, pale in comparison with re-
cent estimates by other bodies such as Greenpeace (Green-
peace 2006, Vidal 2006), predicting the incidence of millions
of Chernoby! cancers and hundreds of thousands of deaths.

Remove the Chernobyl Restrictions!

It is reassuring, however, that 16 years after the Chernoby!
catastrophe, another group, composed of four U.N. organiza-
tions—the United Nations Development Programme (UNDP),
the World Health Organization (WHO), the U.N. International
Children’s Emergency Fund (UNICEF) and the U.N. Office for
the Coordination of Humanitarian Affaires (UNOCHA)—dared
to state in its 2002 report, based on UNSCEAR studies, that a
great part of the billions of dollars used to mitigate the conse-
quences of the Chernobyl accident was spent incorrectly. The
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dollars spent in these efforts did not improve, but actu-
ally worsened, a deteriorating situation for 7 million so-
called “victims of Chernobyl” and solidified the psycho-
logical effects of the catastrophe and the wrong decisions
of the authorities.

The report (UNDP 2002) recommended that the three
post-Soviet countries and the international organizations
abandon the current policy. The misguided basis of this
policy, i.e. expectation of mass radiation health effects,
was responsible for the enormous and uselessly expend-
ed resources sacrificed for remediation efforts. Instead,
the report presented 35 practical recommendations
needed to stop the vicious cycle of Chernobyl frustra-
tions, social degradation, pauperization, and the epi-
demic of psychosomatic disorders. The recommenda-
tions suggest a reversal of the policy of concentrating
attention on nonexistent radiation hazards, and propose
that relocated individuals be allowed to return to their
old settlements. That is, that essentially all of the restric-
tions should be removed.*

But here we enter a political mine-field. How well will
people accept losing the mass benefits (equivalent to
about $40 a month) that they poetically call a “coffin bo-
nus”? How can it be explained to
them that they were made to believe
that they were the “victims” of a non-
existent hazard; that the mass evacua-
tions were an irresponsible error; that
for 20 years, people were unnecessar-
ily exposed to suffering and need; that
vast areas of land were unnecessarily
barred from use; and that their coun-
tries’ resources were incredibly
squandered?

One can read in many publications
that the Chernobyl catastrophe had
serious political implications and was
an important factor in the dismantling
of the Soviet Union and in attempts to
control nuclear arms. As Mikhail Gor-
bachev stated:

The nuclear meltdown at Cher-
nobyl 20 years ago even more than
my launch of prerestroika, was
perhaps the real cause of the
collapse of the Soviet Union five
years later. Chernobyl opened my
eyes like nothing else: it showed
the horrible consequences of nuclear power. One could

Slavutich.

* On July 23, 2010, Belarus, Russian, and Polish news agencies, including
some radio stations and TV channels, announced that this last recommendation
was fulfilled by the Belarus government, which decided to repopulate 2,000 vil-
lages in the “contaminated areas.” Assuming 100 residents for one village, this
would amount to about 200,000 people. It seems that preparations for this move
started in about 2004, and already several thousands have come back to their
old settlements. The Belarus government deserves commendation for its cour-
age to stand up to the Chernobyl hysteria, which for years has been cultivated
by Greenpeace and other Greens. Its decision brings us back to normalcy. See
“Belarus Repopulating Exclusion Zone,” this issue.
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Petr aIicek/IAEA
A farmer in Jelno, July 2005. Jelno is a village 300 km from Chernoby/,
which was affected by contamination from the accident because of
weather conditions. Now the population has gone back to the land.
“Social upheaval, however,” the IAEA noted, “has left farmers with
only primitive tools of the trade.”
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“lelno is a town where time has stood still,” the IAEA noted, unlike the new settlement of

now imagine much more clearly what might happen if a
nuclear bomb exploded—one SS-18 rocket could contain
a hundred Chernobyls. Unfortunately, the problem of
nuclear arms is still very serious today (Gorbachev 2006).

Would fulfilling the recommendations of the United Nations
Development Programme (UNDP) 2000 report again resultin a
political catharsis and perhaps induce violent reactions? Prob-
ably not in Russia, where a more rational approach to Cher-
nobyl prevails. But the political classes of Belarus and Ukraine
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have for years demonstrated a much more emotional approach.
When the UNSCEAR 2000a report, documenting the low inci-
dence of serious health hazards resulting from the Chernoby!
accident, was presented to the U.N. General Assembly, the Be-
larus and Ukraine delegations lodged a fulminating protest.
This set the stage for the Chernobyl Forum in 2002, and helped
to focus its agenda.

Today, the Chernobyl rumble and emotions are beginning to
settle down. In the centuries to come, the catastrophe will be
remembered as a proof that nuclear power is a safe means of
energy production. It even might change the thinking of the In-
ternational Commission on Radiological Protection.

Zbigniew Jaworowski is a multidisciplinary scientist who has
published more than 300 scientific papers, four books, and
scores of popular science articles, including many in 21st Cen-
tury. He has been a member of the United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR)
since 1973, and served as its chairman from 1980-1982.

This article is adapted from the author’s “Chernoby! Disaster
and LNT,” in Dose-Response, Vol. 8, No. 2, 2010.

References

ACS, 2009. “Tumor markers.” American Cancer Society, http://www.cancer.org/
docroot/PED/content/PED_2_3X_Tumor_Markers.asp.

L.A. Akslen and G.N. Naumov, 2008. “Tumor dormancy—from basic mecha-
nisms to clinical practice.” Acta Pathologica, Microbiologica et Immunologica
Scandinavica, Special Issue: “Tumor Dormancy,” Vol. 116, pp. 545-547.

D. Altius, 2008. “Natural Disaster.” hitp://www.altiusdirectory.com/Science/natu-
ral-disaster.html.

H.M. ApSimon, A.J.H. Goddard, J. Wrigley, and S. Crompton, 1985. “Long-range
atmospheric dispersion of radioisotopes: II. Application of the MESOS mod-
el.” Atmospheric EnvironmentVol. 19, pp. 113-125.

H.M. ApSimon and J.J.N. Wilson, 1987. “Modelling Atmospheric dispersal of the
Chernobyl release across Europe.” Boundary-Layer Meteorology, Vol. 41,
pp. 123-133.

K. Becker, 1996. “Some economical, social, and political consequences in West-
ern Europe.” Paper No. IAEA-CN-63/196. International Conference One De-
cade after Chernobyl: Summing up the Consequences of the Accident.

M.L. Bell and D.L. Davis, 2001.”"Reassessment of the lethal London fog of 1952:
Novel indicators of acute and chronic consequences of acute exposure to air
pollution.” Environmental Health Perspectives Supplements http://www.
ehponline.org/members/2001/suppl-3/389-394bell/bell-full.html.

W. Benenson, J.W. Harris, H. Stocker, and H. Lutz, 2006. Handbook of Physics.
Springer.

A. Berrington, S.C. Darby, H.A. Weiss, and R. Doll, 2001. “100 years of observa-
tion on British radiologists: Mortality from cancer and other causes 1897-
1997.” The British Journal of Radiology, Vol. 74, pp. 507-519.

E. Cardis et al., 2007. “The 15-country collaborative study of cancer risk among
radiation workers in the nuclear insustry: Estimates of radiation-related can-
cer risks.” Radiation Research, Vol. 167, pp. 396-416.

E. Cardis et al., 2006. “Estimates of the cancer burden in Europe from radioac-
tive fallout from the Chernobyl accident.” International Journal of Cancer, Vol.
119, pp. 1224-1235.

E. Cardis et al., 2005. “Risk of thyroid cancer after exposure to '*'l in childhood.”
J of National Cancer Institute, Vol. 97, pp. 724-732.

W.L. Chen, Y.C. Luan, et al., 2004. “Is chronic radiation an effective prophylaxis
agains cancer?” Journal of American Physicians and Surgeons, Vol. 9, pp.
6-10.

G.C. Christensen, 1989. “The impact of the Chernobyl accident on Norway.” In
7th IRPA International Congress, Vol. 2, pp. 1483-1486. Available at http://
www2000.irpa.net/irpa7/cdrom/VOL.3/S3_106.PDF.

R. Clarke, 1999. “Control of low-level radiation exposure: Time for a change?
Journal of Radiological Protection, Vol. 19, pp. 107-115.

B.L. Cohen, 2000. “The recent cancer risk from low level radiation: A review of
recent evidence.” Medical Sentinel, Vol. 5, pp. 128-131, available at: http:/
www.haciendapub.com/article50.html.

J.R. Davis, 2009. “Postwar relations: the long climbing from Yalta and Potsdam
to Gdansk and the round table.” Polish Review, 77 pp.

J.R. Davis, G. Domber, M. Jarzab, P. Sowinski, et al., 2006. “Toward the Victory

44 Summer 2010

of Solidarity: Correspondence between the American Embassy in Warsaw
and the State Department, January-September 1989” (in Polish). Instytut
Studiéw Politycznych PAN.

V.R. Dhara and R. Dhara, 2002. “The Union Carbide Disaster in Bhopal: A review
of Health Effects.” Archives of Environmental Health, Vol. 57, pp. 391-404.

J.E. Dibb, P.A. Mayewski, C.S. Buck, and S.M. Drumey, 1990. “Beta radiation
from snow.” Nature, Vol. 345, p. 25.

P.W. Dickman, L.E. Holm, G. Lundell, and P. Hall, 2003. “Thyroid cancer risk after
thyroid examination with '®'I: A population-based cohort study in Sweden.”
International Journal of Cancer, Vol. 106, pp. 580-587.

EUR, 1996. “Preliminary version of the total Caesium-137 deposition map taken
from the “Atlas of Caesium deposition on Europe after the Chernobyl acci-
dent.” European Commission Office of Publication, Luxembourg, EUR report
16733.

K.W. Fornalski, 2009. “What is the radiation level now in Chernobyl?” (in Polish).
Press Conference of Society of Ecologists for Nuclear Energy (SEREN), Pol-
ish Press Agency, Warsaw, April 24, 2009.

K.W. Fornalski and L. Dobrzynski, 2009. “Healthy worker effect and nuclear in-
dustry workers.” Dose-Response, Vol. 8, No. 2: pp. 125-147.

Forum, 2005. “Chernobyl’s legacy: Health, Environmental and Socio-Economic
Impacts and Recommendations to the Governments of Belarus, the Russian
Federation and Ukraine,” 57 pp. The Chernobyl Forum.

Forum, 2006. “Health Effects of the Chernobyl Accident and Special Health Care
Programmes.” Report of the U.N. Chernobyl Forum Expert Group “Health.”
World Health Organization.

N.A. Frigerio, K.F. Eckerman, and R.S. Stowe, 1973. “The Argonne Radiological
Impact Program (ARIP).” Part I. “Carcinogenic Hazard from Low-level, Low-
rate Radiation,” 35 pp. Argonne National Laboratory.

N.A. Frigerio and R.S. Stowe, 1976. “Carcinogenic and genetic hazard from
background radiation.” In Biological and Environmental Effects of Low-Level
Radiation, Vol. 2, pp. 385-393. IAEA-SM-202/805. International Atomic En-
ergy Agency, Vienna, Austria.

A.W. Furmanchuk, N. Roussak, and C. Ruchti, 1993. “Occult thyroid carcinomas
in the region of Minsk, Belarus. An autopsy Study of 215 patients.” Histopa-
thology, Vol. 23, pp. 319-325.

M. Goldman, R.J. Catlin, and L. Anspaugh, 1987. “Health and Environmental
Consequences of the Chernobyl Nuclear Power Plant Accident, 289 pp. U.S.
Department of Energy.

M. Gorbachev, 2006. “Turning point at Chernobyl.” http://www.project-syndicate.
org/commentary/gorbachev3/English.

Greenpeace, 2006. “Chernobyl death toll grossly underestimated.” April 18,
2006. Greenpeace International. http://www.commondreams.org/cgi-bin/
print.cgi? file=/headlines06/0325-05.htm.

GUS, 1991. Statistical Yearbook of the Republic of Poland (in Polish). Gléwny
Urzad Statystyczny, Warsaw, Poland.

P. Hall, A. Mattsson, and J.D. Boice, Jr., 1996. “Thyroid cancer after diagnostic
administration of iodine-131.” Radiation Research, Vol. 145, pp. 86-92.

H.R. Harach, K.O. Franssila, and V.M. Wasenius, 1985. “Occult papillary carci-
noma of the thyroid—A ‘normal’ finding in Finland. A systematic study.” Can-
cer, Vol. 56, pp. 531-538.

T. Henriksen and G. Saxebol, 1988. “Fallout and radiation doses in Norway after
the Chernobyl accident.” Environment International, Special Issue: Chernob-
yl Accident: Regional and Global Impacts, Guest Editor, Zbigniew Jaworows-
ki Vol. 14, pp. 157-163.

S. Hirschberg, G. Spikerman, and R. Dones, 1998. “Severe accidents in the en-
ergy sector.” Paul Scherrer Institute, Switzerland, Report No. PSI- 98-16.

L.E. Holm, P. Hall, K. Wiklud, G. Lundell, G. Berg, G. Bjelkwengren, E. Ceder-
quist, U.B. Ericsson, L.G. Larsson, M. Lidberg, S. Lindberg, J. Tennvall, H.
Wicklund, and J.J.D. Boice, 1991. “Cancer risk after iodine-131 therapy for
hyperthyroidism.” Journal of the National Cancer Institute, Vol. 83, pp. 1072-
1077.

L.E. Holm, K. Wiklud, G. Lundell, A. Bergman, G. Bjelkwengren, E. Cederquist,
U.B. Ericsson, L.G. Larsson, M. Lidberg, S. Lindberg, H. Wicklund, and J.J.
D. Boice, 1988. “Thyroid cancer after diagnostic doses of iodine-131: A retro-
spective cohort study.” Journal of the National Cancer Institute, Vol. 80, pp.
1133-1138.

S-Lea Hwang, 2008. “Estimates of relative risks for cancers in a population after
prolonged low-dose-rate radiation exposure: A follow-up assessment from
1983 to 2005.” Radiation Research, Vol. 170, pp. 143-148.

IAEA, 1987. “Conclusions and Recommendations.” Advisory Group Meeting on
Introducing the Basic Principles of Assessment and Treatment of Radiation
Injuries into the Basic and Post-Graduate Training of Medical and Paramed-
ical Personnel.

IAEA, 2008. “Climate Change and Nuclear Power 2008.” Brochure, pp. 60. Inter-
national Atomic Energy Agency http://www.iaea.org/OurWork/ST/NE/Pess/

21st Century Science & Technology


http://www.cancer.org/docroot/PED/content/PED_2_3X_Tumor_Markers.asp
http://www.cancer.org/docroot/PED/content/PED_2_3X_Tumor_Markers.asp
http://www.altiusdirectory.com/Science/natural-disaster.html
http://www.altiusdirectory.com/Science/natural-disaster.html
http://www.ehponline.org/members/2001/suppl-3/389-394bell/bell-full.html
http://www.ehponline.org/members/2001/suppl-3/389-394bell/bell-full.html
http://www2000.irpa.net/irpa7/cdrom/VOL.3/S3_106.PDF
http://www2000.irpa.net/irpa7/cdrom/VOL.3/S3_106.PDF
http://www.haciendapub.com/article50.html
http://www.haciendapub.com/article50.html
http://www.project-syndicate.org/commentary/gorbachev3/English
http://www.project-syndicate.org/commentary/gorbachev3/English
http://www.commondreams.org/headlines06/0418-04.htm
http://www.commondreams.org/headlines06/0418-04.htm
http://www.iaea.org/OurWork/ST/NE/Pess/assets/08-33461-CCNP-Brochure.pdf

assets/ 08-33461-CCNP-Brochure.pdf.

ICRP, 1959. Recommendations of the International Commission on Radiological
Protection. Pergamon Press.

ICRP, 1984. Protection of the public in the event of major radiation accidents:
Principles for planning. Pergamon Press.

ICRP, 1991. 1990 Recommendations of the International Commission on Radio-
logical Protection. ICRP Publication 60. Pergamon Press.

B. Idas and J. Myhre, 1994. “Countermeasures in Norway are exaggerated” (in
Norwegian). Aftenposten, Aug. 10, 1994.

L.A. llyin, 1996. Personal communication to Z. Jaworowski, Warsaw, December
23, 1996.

, 1995. Chernobyl: Myth and Reality. Megapolis.

P.D. Inskip, 2001. “Thyroid cancer after radiotherapy for childhood cancer.” Med-
ical and Pediatric Oncology, Vol. 36, pp. 568-572.

V.K. Ivanov, A.F. Tsyb, S. lvanov, and V. Pokrovsky, 2004. Medical Radiological
Consequences of the Chernobyl Catastrophe in Russia. NAUKA.

Z. Jaworowski, 1988. “Chernobyl Proportions,” Editorial. Environ International,
Special Issue: Chernobyl Accident: Regional and Global Impacts, guest ed.
Zbigniew Jaworowski, Vol. 14, pp. 69-73.

, 1999. “Radiation risk and ethics.” Physics Today, Vol. 52, pp. 24-29.

, 2000. “Beneficial Radiation and Regulations.” IOCONE 8 8th Interna-
tional Conference on Nuclear Engineering, April 2-6, 2000, Baltimore.

, 2002. “lonizing radiation in the 20th Century and beyond.” Atom-
wirtschaft—Atomtechnik, Vol. 47, pp. 22-27.

, 2009. “Radiation Hormesis: A Remedy for Fear.” BELLE Newsletter,
Vol. 15, pp. 14-20.

Z. Jaworowski and L. Kownacka, 1994. “Nuclear weapon and Chernobyl debris
in the troposphere and lower stratosphere.” The Science of the Total Environ-
ment, Vol. 144, pp. 201-215.

L.E. Ketchum, 1987. “Lessons of Chernobyl: SNM members try to decontami-
nate the world threatened by fallout—Experts face chanllenge of educating
public about risk and radiation.” Journal of Nuclear Medicine, Vol. 28, pp.
933-942.

S. Kikuchi, N. Perrier, P. ltuarte, A.E. Siperstein, Q-Y Dug, and O.H. Clark, 2004.
“Latency period of thyroid neoplasia after radiation exposure.” Annals of Sur-
gery, Vol. 239, pp. 536-543. Available at http://www.pubmedcentral.nih.gov/
articlerender. fcgi?artid=1356259&rendertype=table&id=t1356251-1356214

P. Krajewski, 1991. “Estimate of thyroid committed dose equivalents in Polish
population due to iodine-131 intake after the Chernobyl catastrophe. Deter-
mination of effectiveness of thyroid blocking with sodium iodide.” (in Polish).
Polish Journal of Endocrinology, Vol. 42, pp. 189-202.

T.D. Luckey, 2003. “Radiation hormesis overview.” RSO Magazine, Vol. 8, pp.
22-41.

P. McCully, 1998. “When things fall apart: The technical failures of large dams”
(Chapter 4). In Silenced Rivers: The ecology and Politics of Large dams, p
200. South Asia Books

M. Moosa and E.L Mazzaferri, 1997. “Occult thyroid carcinoma.” The Cancer
Journal, Vol. 10, pp. 180-188.

S.M.J.Mortazawi, M. Ghiassi-Neyad, P.A. Karam, T. Ikushima, A. Niroomand-rad,
and J.R. Cameron, 2006. “Cancer incidence in areas with elevated levels of
natural radiation.” International Journal of Low Radiation, Vol. 2, pp. 20-27.

K.L. Mossman, M. Goldman, F. Masse, W.A. Mills, K.J. Schiager, and R.L. Vetter,
1996. “Radiation risk in perspective.” Health Physics Society Position State-
ment, March 1996, Vol. 12 March 1996, pp. 1-2. http://www.physics.isu.edu/
radinf/hprisk.htm.

G. Murphy, 2009. “A final warning for humanity—or James Lovelock?” A review
of James Lovelock, The Vanishing Face of Gaia: A Final Warning. Basic
Books, 2009, in 21st Century Science & Technology, Vol. 22, pp. 63-64.

J. Nauman, 1989. “Potassium iodide prophylaxis in Poland: Review of far field
experience.” In E. Rubery and E. Smales (eds.) lodine Prophylaxis Following
Nuclear Accidents, pp. 135-140. Pergamon Press.

E.M. Parshkov, V.A. Sokolov, A.F. Tsyb, A.D. Proshin, and J.G. Barnes, 2004.
“Radiation-induced thyroid cancer: What we know and what we really under-
stand.” Intl J Low Radiation, Vol. 1, pp. 267-278.

J.C. Philippot, 1990. “Fallout in snow.” Nature, Vol. 348, pp. 21.

E. Ron, 2007. “Thyroid cancer incidence among people living in areas contami-
nated by radiation from the Chernobyl accident.” Health Physics, Vol. 93, pp.
502-511.

E. Ron, J. Lubin, and A.B. Schneider, 1992. “Thyroid cancer incidence.” Nature,
Vol. 360, p. 113.

A. Salo and J. Daglish, 1988. “Response to an accident in theory and in prac-
tice.” Environment International, Special Issue on “Chernobyl Accident: Re-
gional and Global Impacts,” Guest Editor Zbigniew Jaworowski, Vol. 14, pp.
185-200.

21st Century Science & Technology

B.E. Scott, 2006. “Correspondence Re: Risk of thyroid cancer after exposure to
311'in childhood.” Journal of the National Cancer Institute, Vol. 98, pp. 561.

A. Spinelli and J.F. Osborne, 1991. “The effects of the Chernobyl explosion on
induced abortion in ltaly.” Biomedicine & Pharmacotherapy, Vol. 45, pp.
243-247.

G.H. Tan and H. Gharib, 1997. “Thyroid incidentalomas: Management approach-
es to nonpalpable nodules discovered incidentally on thyroid imaging.” An-
nals of Internal Medicine, Vol. 126, pp. 226-231.

L.S. Taylor, 1980. “Some non-scientific influences on radiation protection stan-
dards and practice.” 5th International Congress of the International Radiation
Protection Association.

D. Topliss, 2004. “Thyroid incidentaloma: The ignorant in pursuit of impalpable.”
Clinical Endocrinology, Vol. 60, pp. 18-20.

D. Trichopoulos, X. Zavitsanos, C. Koutis, P. Drogari, C. Proukakis, and E. Petri-
dou, 1987. “The victims of Chernobyl in Greece: Induced abortions after the
accident.” British Medical Journal, Vol. 295, p. 1100.

M. Tubiana, 1998. “The report of the French Academy of Science: ‘Problems as-
sociated with the effects of low doses of ionizing radiation.” Journal of Radio-
logical Protection, Vol. 18, pp. 243-248.

UNDP, 2002. The Human Consequences of the Chernobyl Nuclear Accident: A
strategy for Recovery, 75 pp. United Nations Development Programme
(UNDP) and the UN Children’s Fund (UNICEF) with the support of the UN
Office for Co-ordination of Humanitarian Affairs (OCHA) and WHO.

UNSCEAR, 1958. Report of the United Nations Scientific Committee on the Ef-
fects of Atomic Radiation, 228 pp. United Nations.

UNSCEAR, 1982. lonizing Radiation: Sources and Biological Effects, 773 pp.
United Nations Scientific Committee on the Effects of Atomic Radiation. Unit-
ed Nations.

UNSCEAR, 1988. Sources, Effects and Risks of lonizing Radiation. Report of
the United Nations Scientific Committee on the Effects of Atomic Radiation,
647 pp. United Nations.

UNSCEAR, 1993. Sources and Effects of lonizing Radiation, 922 pp. United Na-
tions Scientific Committee on the Effects of Atomic Radiation. United Na-
tions.

UNSCEAR, 1994. “Annex B: Adaptive responses to radiation in cells and organ-
isms.” In Sources and Effects of lonizing Radiation. Report of the United Na-
tions Scientific Committee on the Effects of Atomic Radiation, pp 185-272.
United Nations.

UNSCEAR, 1998. Exposures from man-made radiation. Report of United Na-
tions Scientific Committee on the Effects of Atomic Radiation, 130 pp. United
Nations.

UNSCEAR, 2000a. Sources and Effects of lonizing Radiation. United Nations
Scientific Committee on the Effects of Atomic Radiation, UNSCEAR 2000,
Report to the General Assembly. United Nations.

UNSCEAR, 2000b. Sources and Effects of lonizing Radiation. United Nations
Scientific Committee on the Effects of Atomic Radiation UNSCEAR 2000,
Report to the General Assembly. “Annex J: Exposures and Effects of the
Chernobyl Accident,” pp. 451-566. United Nations.

UNSCEAR, 2001. Hereditary Effects of Radiation. “Scientific annex” of UN-
SCEAR 2001 report to the General Assembly, 224 pp. United Nations Scien-
tific Committee on the Effects of Atomic Radiation. United Nations.

UNSCEAR, 2008. Health effects due to radiation from the Chernobyl accident.
Draft report A/AC.82/R.673, 220 pp. United Nations Scientific Committee on
the Effects of Atomic Radiation. United Nations.

J. Vidal, 2006. “UN accused of ignoring 500,000 Chernobyl deaths.” The Guard-
ian (U.K.) March 25, 2006. hitp://www.commondreams.org/cgi-bin/print.
cgi?file= /headlines06/0325-05.htm.

G. Walinder, 1995. “Has radiation protection become a health hazard?” The
Swedish Nuclear Training & Safety Center.

E.W. Webster, 1993. “Hormesis and radiation protection.” Investigative Radiol-
ogy, Vol. 28, pp. 451-453.

L. Wei, Y. Zha, Z. Tao, W. He, D. Chen, and Y. Yuan, 1990. “Epidemiological in-
vestigation of radiological effects in high background radiation areas of
Yangjiang, China.” Journal of Radiation Research, Vol. 31, pp. 119-136.

R.A. Weinberg, 2008. “The many faces of tumor dormancy.” Acta pathologica,
Microbiologica, et Immunologica Scandinavica. Special Issue: Tumor Dor-
mancy, Vol. 116, pp. 548-551. http://wwwa3.interscience.wiley.com/cgi-bin/
fulltext/121415236/PDFSTART.

WNA, 2009. The Hazards of Using Energy: Some energy-related accidents
since 1977. World Nuclear Association. http://www.world-nuclear.org/info/
inf06app.htm.

S.Yi, 1998. “The World’s Most Catastrophic Dam Failures. The August 1975 col-
lapse of the Bagiao and Shimantan dams.” In: D. Qing, J. Thiboleau, and P.B.
Williams (eds.) The River Dragon Has come! The Three Gorges Dam and the
Fate of China’s Yangtze River and its People, 240 pp.

Summer 2010 45


http://www.iaea.org/OurWork/ST/NE/Pess/assets/08-33461-CCNP-Brochure.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1356259/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1356259/
http://www.physics.isu.edu/radinf/hprisk.htm
http://www.physics.isu.edu/radinf/hprisk.htm
http://www.commondreams.org/headlines06/0325-05.htm
http://www.commondreams.org/headlines06/0325-05.htm
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0463.2008.01168.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0463.2008.01168.x/pdf
http://www.world-nuclear.org/info/inf06app.htm
http://www.world-nuclear.org/info/inf06app.htm

