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Abstract: About 2.3 billion years ago, the advent of an oxidative atmosphere,
which was lethal for anaerobic biota, stimulated the surviving organisms to
develop efficient defences against the enormous flux of Reactive Oxygen
Species (ROS) produced by metabolic processes. Even earlier, similar
defences were developed against the thermal instability of molecules and other
events that damaged DNA. These powerful ancient defence mechanisms also
protect the extant oxygen-loving organisms against the DNA damage caused
by low levels of ionising radiation, which is one of the smallest risks in the
environment, and contributes just a tiny fraction to the spontaneous rate of the
DNA-damaging events. In this perspective, the Linear No Threshold (LNT)
model of the radiation effects appears inappropriate for the current needs.
Because of statistical reasons, it cannot be falsified. On the other hand, the
hormetic model has the capacity to be tested in the observable zone. The
precautionary principle, an offspring of LNT, leads to unacceptable societal
penalties, as demonstrated in the aftermath of the Chernobyl catastrophe.
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1 Introduction

We are all immersed in a sea of ionising radiation that penetrates the biosphere, the
innermost parts of the Earth and the whole universe. This type of radiation was
discovered in relatively recent times (at the end of the 19th century), but it was always
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with us. Yet, ionising radiation is treated by many with an exotic connotation and as
fundamentally different from other forms of energy. This distinction, which has serious
negative consequences, is not scientifically based, but instead has philosophical and
political roots (Taylor, 1980). The distinction stems in part from our short acquaintance
with radiation and from the lack of a specific radiation-sensing organ. Living organisms
have no such organ because it is unnecessary: radiation is one of the smallest risks they
encounter almost all over the biosphere and its natural level is, and always was, much
below lethal doses. The only exceptions were the insides of the natural Oklo-type
underground nuclear reactors, a phenomena of utmost rarity (Draganic et al., 1993).

When life started on Earth about 3.9 billion years ago, the level of radiation was some
five times higher than today (Karam and Leslie, 1999). Living organisms adjusted to it,
as they did to all other forms of energy. The adjustment took two forms: one used it for
the benefit of the organisms, as is demonstrated by the ubiquitous phenomenon of
radiation hormesis (Calabrese and Baldwin, 2000; 2001; Jaworowski, 1995; 1999;
Luckey, 1991; Pollycove and Feinendegen, 2001) and by experiments suggesting that
ionising radiation may be essential for life (Planel et al., 1987). The second involved the
development of the systems protecting the organism against the noxious effects of
ionising radiation.

2 Radioadaptation: evolution and impact

At the dawn of life, the level of oxygen in the atmosphere and the oceans was extremely
low. The dramatic rise of the oceanic and atmospheric oxygen about 2.3 billion years ago
(Bekker et al., 2004) was caused by a mass blooming of cyanobacteria, induced by a
change from an extremely cold climate (a ‘Snowball Earth’) into a warm one. The change
from anoxic into oxic conditions was probably the greatest catastrophe in the history of
life, since oxygen was a deadly poison for the anaerobic organisms that had dominated
Earth before this event. It was at that time that the organisms developed extremely
efficient defences against Reactive Oxygen Species (ROS), the main culprits in the
radiation damage to the DNA, along with similar defences — probably developed earlier —
against the damaging effects of the thermal instability of molecules and the enzymatic
processes. Most of the anaerobic species that did not adjust to a new environment died
out, with the few that survived the cataclysm hiding in oxygen-free niches. Those that
adjusted were exposed to an enormous stream of metabolic ROS formed in each cell at a
rate of about 3 x 10'® per cell per year (Sen ez al., 2000). This stream, together with the
thermal and enzymatic effects, caused about 70 million spontaneous DNA damages per
year in each mammalian cell (Billen, 1994). Only if armed with a powerful defence
system, living organisms could survive such a high rate of natural DNA damage. The
extant oxyphilic organisms developed the sophisticated protective mechanisms against
ionising radiation as a side product of the defence against the toxicity of oxygen and
against the noxious thermal and enzymatic effects. It is only in the last two decades that
we have started to discover these mechanisms (see a recent review of Feinendegen et al.
(2006). One of the factors stimulating these studies was a publication of a path-breaking
document of the United Nations Scientific Committee on the Effects of Atomic Radiation
on the adaptive responses to the radiation in cells and organisms (UNSCEAR, 1994).
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The average level of ionising radiation (about 2.4 mSv per year) contributes just a
tiny fraction to the spontaneous rate of DNA-damaging events: about five events in one
cell per year. Such a minute increment of DNA damage from the low doses of radiation
does not impose a significant risk. That risk only becomes significant at high doses, when
the DNA repair capacity is exceeded. This capacity is high above the current dose limit
for the general population of 1 mSv per year (ICRP, 1990), which corresponds to about
two DNA damages per cell per year (Billen, 1994; Stewart, 1999) out of about 70 million
natural ones. Such a disproportion between the regulations and biological reality leads to
disastrous practical consequences such as mass scale radiophobia, the lack of confidence
in the medical applications of radiation, the virtual strangulation of the development of
nuclear energy in many countries and the enormous wasteful costs of superfluous
radiological protection. A tragic example includes the mass psychosomatic disorders
and the unnecessary relocation of some 336 000 people after the Chernobyl accident in
areas where the average radiation dose rate from the Chernobyl fallout was 0.8 to
1.4 mSv per year above the average natural level of 2.4 mSv per year (UNSCEAR,
2000). It is estimated that about five million people were needlessly affected by the
stressful post-Chernobyl legislation based on the ICRP recommendations (Filyushkin,
1996). The radiation level in the areas of relocation was much lower than from the natural
background radiation in many regions in Brazil, Europe, India and Iran. The areas of
relocation were defined as ‘contaminated regions’, starting with a level of radioactive
cesium in the ground at 37 kBq/m?, which is ten times lower than the average level of
natural radioactive nuclides in a 10-cm thick layer of soil (400 kBq/mz) (Jaworowski,
2004). The relocations inflicted incalculable suffering, social degradation and
impoverishment on these people. Obviously, the ICRP will never accept responsibility
for the disastrous effects of the practical application of its elucubrations, which make that
the present, based on the Linear No Threshold (LNT) principle system of “radiation
protection becomes a health hazard” (Walinder, 1995).

In the wake of the Chernobyl catastrophe, we witnessed a mischievous use of the
numbers game in calculating the numbers of people who will purportedly die due to
irradiation with doses not much higher than the average global natural radiation dose, or
even exposure to tiny fractions of this dose. Such a game, based on the LNT principle,
was played by many individuals and international bodies. More recent examples of
such estimates range from 4000 cancer deaths projected by the United Nations political
and scientific body (Chernobyl Forum, 2005) to six million deaths projected by
Greenpeace (Yablokov er al., 2006). Dr. Lauriston S. Taylor, the coryphaeus of
radiological protection, defined such procedures as “deeply immoral uses of our scientific
heritage” (Taylor, 1980).

3 Conclusion

The inappropriateness of the radiation standards for the current needs is reflected
in the vast difference between their foundation — i.e., the genetic data from the
radiological experiments in the 1950s and the assumptions supporting the LNT model
— and the recent overwhelming tide of progress in genetics, radiobiology, toxicology
and experimental oncology. The weakness of the more than 50-year-old LNT model is of
the ‘trans-science’ character: as for any other environmental factor, one can never prove
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that ionising radiation is totally harmless (Weinberg, 1972). This is an analogy to the
famous statement of Bertrand Russell that one cannot disprove faith that a China teapot is
orbiting the Sun between the Earth and Mars. The presence of this teapot is hypothetical
and that hypothesis, similar to LNT, cannot be disproven (Russell, 1952). On the other
hand, a great strength of the hormetic model is that it has the capacity to be tested in the
observable zone, both experimentally and epidemiologically (Cook and Calabrese, 2006;
Webster, 1993).

The outdated genetic experiments standing behind the LNT model and the current
regulations are in disagreement with the findings from Hiroshima and Nagasaki, where
no adverse genetic effects were found in the children of the highly irradiated survivors of
the nuclear attacks (UNSCEAR, 2001). The ‘precautionary principle’, reducing the
exposures ever lower and at any cost, proved not to be ‘cautionary’ at all. It has led to
unacceptable societal penalties, as clearly demonstrated in the aftermath of the Chernobyl
catastrophe. The time has come to change the lithified LNT paradigm and to base
radiological safety and protection on modern knowledge and the realities of the natural
radiation environment.
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