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Abstract

Current cost/benefit estimates related to radiation protection, e.g. regarding the
consequences of population exposures after accidents, decommissioning and waste
management programs, etc., are based on the linear-no-threshold hypothesis and the
related collective dose concept, as recommended in ICRP 60, the Basic Safety Standards
(BSS), and EU directives. However, the extrapolation from very high to very low doses
is increasingly questioned by radiation scientists for fundamental radiobiological reasons,
as well as by epidemiological studies with exposed populations. Moreover, if also
applied to natural radiation (e.g. in mining or high natural radiation areas, or radon in
buildings), the resulting high costs justify, for ethical as well as socio-economical
reasons, a careful analysis of the actual benefits of such measures, to be compared with
demonstrable health detriments and the cost/benefit ratio in other public health and risk
reduction programs in modern industrial societies. Some aspects of these problems will
be discussed briefly, and summarized in questions addressed to the advisory bodies on
whose recommendations current regulations are based. As a first step, abolishment of
the use of the collective dose concept below about 100 mSv total of "artificial" radiation
per person of the public, and below 50 mSv p.a. for radiation workers, appears
advisable.

In risk analysis, there have always been the key problems of correct determination of the probability
of detrimental effects to persons, environment, etc., and the estimation of the monetary equivalent
of such effects. Radiation protection regulations are part of risk analysis. On the basis of a linear-no-
threshold (LNT) hypothesis and the closely related collective dose concept, this resulted in
discussions which individual or collective dose would correspond to one additional cancer death, or
one year less life expectancy, and which amount of money should be equated to such a risk. Figures
between approx. 105 and 107 "$ per life" have been suggested. However, the "$ per man-Sv"
remained a largely academic question, and its economic impact remained relatively small. In
Germany, for example, only very few persons each year received (mostly without a real scientific
justification) "radiation damage" benefits in the professional insurance system. Some expert groups
eventualla agreed on a "p:ice" of 100.000 U.S. $ per man-Sv. Assuming such a price, the mass-
killing of reindeer in Norway after the Chernobyl accident could be considered "successful", with a
population dose of one man-Sv being avoided for 57.000 $, while the killing of sheep at 170.000 $
per man-Sv was less successful (1).

In recent years, however, the situation has been changing dramatically, with "big moi.ry" being
involved. To give only a f;w examples from Germany.
1. After the Chernobyl accident, the costs of destruction of slightly contaminated produce, milk (in

one of the federal states down to a level of 20 Bq/1 of J-131, corresponding to 20% of the natural
k-40 activity in milk), etc., have been about 300 mill. $ in the western part of the country (2).

2. The radiological component in the remediation of former uranium mining areas in eastern
Germany amounts to about 2.000 mill. S (3).
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3. The decommissioning of the pilote reprocessing plant WAK in Karlsruhe is estimated to cost
approx. 25 times its original construction costs, including a 250 mill. $ facility for the
vitrification of only 80 m3 of liquid wastes.

4. With the current exemption level for low-level wastes corresponding to exposures of the public
of no more than 10 fiSv p.a. (which is 0.4% of the average natural exposure, and 0.04% or less
of some high background areas) thousands of millions of S are being spent for the "radiological
component" in the decommissioning of nuclear power plants - costs which could be substantially
reduced by using a higher limit.

5. Earlier this year, the cost of police protection for a simple radwaste transport to one of the
temporary storage facilities (Gorleben) was 60 mill. $, not counting hundreds of acts of sabotage
against railv/ays and roads, based on Greenpeace claims of a QF of 600 for fast neutrons, etc.

Many more examples could be listed, with the situation in countries with large nuclear military
facilities, ships, etc., such as the former Soviet Union and USA, being particularly difficult and
expensive. This was, for example, recently pointed out in a study for the U.S. Army (4). There are,
however, also other aspects of the present regulatory system in radiation protection which raise
serious questions. To mention only a few examples:
1. Increased natural radiation levels. With the average background in Europe fluctuating

substantially, and being exceeded by a factor of 10 to 100 in areas of Brazil, India and Iran
without any detectable health effects over many generations, it would make little sense to
consider the evacuation of whole towns or regions in Saxony, Finland or Cornwall, or to close
down mining operations in Southern Africa which would be required if current radiation policy
were to be applied uniformly.

2. Non-medical use of X-rays. In order to prevent the theft of diamonds, X-ray screening of mine
workers by Namibia's largest employer and tax payer, amounting to an additional exposure of
the workers of about 1 mSv p.a., has helped to keep this industry profitable. However, the
Basic Safety Standards do not permit application of X-rays for crime detection and prevention
(also regarding drug smuggling, etc.).

3. Radon. Current regulations of the U.S. Environmental Protection Agency (EPA) apparently
require the radon level in buildings not to exceed the outdoors level (which is practically
impossible), and radon levels in tab water not to exceed 10 Bq/1, while the normal Rn content
of drinking water exceeds 1000 Bq/1 in many parts of the world, and water with 100.000 Bq/1
used for the treatment of various diseases in radon spas. In Europe, the maximum recommended
in-door radon levels currently vary between 200-600 Bq/m3, but no detectable increases in lung
cancers have been found at levels which are at least ten times higher (with the possible exception
of very heavy smokers). In fact, levels up to 700.000 Bq/m3 in air have been observed in some
public water facilities in Bavaria (3), and 20-50% of all homes in S.W. England are above the
current U.K. "action level".

4. Unnecessary medical radiation exposures. It is well established that a substantial fraction of
mankind's collective "artificial" radiation exposure, in particular in radiodiagnostics, could be
avoided by simple measures such as

compute' tomography (which is known to cause relatively high dos^s, and to be used
frequentiy not without economical motivation) only for strictly medica reasons;
reduction in the number of radiographs which are unnecessarily duplicated without medical
justification within short time intervals; and
improvements in the techniques and the equipment, in particular in poorer countries.

Thus, hundreds of times the collective dose related to nuclear energy could easily, and relatively
inexpensively, be avoided.

Considering that in the long-term trend ICRP-recommended dose limits became smaller, the obvious
question arises about the validity of the underlying linear no-threshold (LNT) hypothesis and the
closely associated collective dose concept. Does it, for example, really make sense (or is it
radiobiologically plausible) to officially publish estimates on "additional Chernobyl - caused cancer
deaths" of about 300 in Sweden, 450 in Finland, and exactly 363 in Bulgaria (5)? The direct and
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indirect socio-economical and political implications of ICRP-based "predictions" of casualties not
only in the directly affected areas around Chernobyl, but in the whole Northern Hemisphere, have
been tremendous, and resulted not only in tens of thousands additional abortions by scared women
in Western Europe, but also to economic losses in the 15.000 mill. $ range in Germany alone due
to the cancellation of nuclear programs, etc. (2).

It is, therefore, more than justified to ask how stable the foundations of the current "House of
Radiation Protection" actually are - and, in case they are not, whether this house can be repaired by
evolutionary processes or will require a total re-construction. Instead of attempting a definitive
answer to this probably most important question in our field not only in this decade, some questions
urgently require an answer from the best in the radiation science community - for the benefit not only
of mankind in general, but more specifically for that of regulators and administrators acting on behalt
of the tax-payers and utility costumers:
1. How much of our rapidly decreasing funds can we afford to devote to the further reduction of

potential risks which, if they exist at all, are so small that they could not be detected in decades
of painstaking and expensive research efforts? Tens of billions of dollars are spent every year
worldwide in decommissioning, redemption, or nuclear waste programs, which could obviously
be used much more beneficially in other areas of public and individual health, in rich and even
more so in poor countries.

2. In claiming frightening numbers of additional cancer fatalities due to the Chernobyl accident, of
radon in houses, medical radiography, etc. - based essentially on the multiplication of zero with
infinity - how much psychological and economical damage in the public acceptance of many
beneficial radiation uses including energy production without climatic side effects, radiation
medicine, and research, has been done?

3. How do we explain to the critical observer the multitude of well-documented observations of
adaptive response (some of them documented in UNSCEAR 1994 with 400 references (6)) and
hormesis (Luckey cites 2000 references in his wellknown 1991 book on this subject - see also
(7)) as well as the many epidemiological and experimental studies clearly showing either
thresholds (between about 0.2 and 2 Gy, ranging from leukaemia among the bomb survivors in
Japan to bone and lung cancer in humans and animals), or biopositive effects in Cohen's (8) and
many other radon studies, the absence of observable genetic disorders in Hiroshima/Nagasaki
and the Chernobyl region, etc.? Many of the very good arguments for no negative, and in many
cases positive effects of slightly increased radiation levels have been summarized in recent
compilations (9-14). Very reasonable explanations for such bioneutral or biopositive effects,
based on the dominating influence of stimulated repair of non-dominant radiation doses, have
been abundantly presented (9, 10, 14). Obviously, for each indication which could be interpreted
as a "bionegative" effect of low radiation doses, there is at least one for no, or biopositive
effects.

4. How about the cost/benefit ratio in the current radiation protection programs relative to our
treatment of other civilizatory and natural risks, e.g. in the chemical industry? Could it be that
elements of self-interest are involved in "keeping the radiation hazards alive" (after all, it is an
industry involving more than 1010 U.S. $)? And how about scientitic integrity and credibility in
sup Dressing results which to not confirm "official" dogmas, such as the U.S. Naval shipyard
wo. leers study (14), or the opinion of the French Academy of Scitaces (15)?

5. Ho>v could it happen that over-conservative administrative concepts such as LNT and collective
dose, originally created to simplify bookkeeping under certain limited circumstances, could
degenerate to such an extent in the hands of regulators and ill-informed public opinion makers?
And how could we correct this situation soon against the ideological objections of ill-informed
journalists and politicians, and other doomsday "Zeitgeist" prophets?

There is certainly a long list of such questions which will require answers soon. As a compromise
between those wanting to repair, and those wanting to build a new House of Radiation Protection
Regulations, one could at least agree on some simple measures such as abolishing the collective dose
concept for individual dose levels below a certain limit (the Health Physics Society proposed in its
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March 1996 Position Statement 50 mSv/p.a.), and agree on the fact that "below 100 mSv risks of
health effects are either too small to be observed, or are non-existent".

Other distinguished institutions (e.g. (15)), as well as prominent scientists in this field have come to
similar conclusions, including the former Chairman of ICRP and NCRP, Lauriston Taylor, former
UNSCEAR Chairman Zbiegniew Jaworowski, the retired director of the French National Radiation
Protection Organization Pierre Pellerin, and Nobel Laureate Rosalyn Yalow (for a compilation, ref.
11-13). There is hope that the newly formed international expert organization "Radiation, Science &
Health Inc." (16) will also contribute to solving the present inconsistencies in dealing with low
radiation doses.

Obviously, it would be highly unfair to blame the cautious experts in ICRP, NCRP, BEIR, NRPB,
SSK, and many other committees and commissions for what happened to well-considered
recommendations during their long way into national regulations and practical implementation. It
seems that "reasonably" in ALARA easily is forgotten along this way and becomes de facto "as low
as possible, at any cost", and many people equate the extremely conservative ICRP 60 limits with a
magical threshold of immediate danger. Clear words from our wise friends in those commissions, as
well as a more transparent and democratic handling of what to many occasionally looks like a "good
old boy's network" of insiders, would be highly welcome.
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