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I have no intention of attempting to summarize what everyone has
said. It has been a very interesting meeting. The presentations were
excellent and I think the ground has been covered. Perhaps I could
express a few of my own prejudices as an interested observer of thip
field for many years now. There may be some merit in reviewing some of
the old verities once again.

My wife happens to be a lawyer; she lives in that large political
community, that is to say, the legal profession and the law courts, where
there exists a concept of safety. The judge or the lawyer in that
situation will say "yes, doctor, but is what you propose safe? Yes or
No". This is true, not a joke. I have asked ray wife several times about
this and the answer is yes, in the legal tradition there is a concept of
absolute safety. There is not a concept, to the same extent, of risk.
The first problem for us is to recognise the existence of a very
important community outside these walls that does believe there is such a
thing as safety and that this should be a reasonable attainable goal in
any human technology or operation. Most people in the scientific
community recognize that nothing is safe in this kind of absolute sense.

Another basic point that we often express but is not often evident
in the press is the old notion of Paracelsus that the dose is the poison.
I tell students that I would be perfectly happy to drink a tumbler full
of potassium cyanide so long as the concentration of cyanide in the
solution was sufficiently low. One of the things that strikes me as a
former physicist is how very low the radiation doses are that we talk
about, at least for the doses from external exposure that we talk about
in the context of the nuclear industry. As Dr. Sanka indicated, we have
to deal with relative risks and try to describe relative risks in the
context of a society that, on the one hand, believes there is such a
thing as absolute safety and, on the other hand, in the context of people
who really are poor intuitive judges of risk. It seems odd, but even to
this day I am a bit more alarmed when I get on an aeroplane than I am
when I get into my car, even though I know full well that my chance of
being killed in my car is greater than my chance of being killed in an
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aeroplane. I know that, but many of us still have this problem. People
are poor intuitive judges of risks, particularly of very low risks. Some
years ago Arthur Upton wrote a very interesting Scientific American
article on the risks of radiation, in which he described a study carried
out in the U.S. where people coming from three groups - league of women
voters, members of some service clubs such as the Rotary Club, and
college students - were given a whole range of hazards to which people
are exposed. For example, what is the chance that you will be killed by
being struck by lightning, being in an aeroplane crash, being run down by
a bus, slipping in your bathtub, of being injured or killed as a result
of the nuclear industry, and so on. The three groups, who were not given
access to the actual statistics, all had different intuitive perceptions
of these relative risks. In almost all cases, the risk from radiation
was put very close to the top whereas, in fact, according to the
statistics it was very close to the bottom. Firstly, it is clear that we
have a lot of psychological deficiencies affecting our intuitive
judgements of risk, especially when the risks are very low. Secondly, of
course, we are faced with a large number of political factors that tend
to influence our perception of relative risks.

In this context, I was interested to hear in Berlin, where I was
all last year, that a number of members of the "green parties" in eastern
Europe, who are faced with terrible environmental disasters in eastern
Europe and particularly those associated with energy generation, have
begun to support nuclear power. They claim it is obviously
environmentally safer and better than coal or oil fixed power stations-
Earlier in this meeting, Paul Unrau and I were sitting together when Paul
suggested perhaps we should re-christen X-rays and call them green-rays.

In this context, as one who has been as much concerned with
chemical hazards as with radiation hazards, I have tended to be alarmed
by the fact that this country like other western countries spends a very
large amount of money hunting for some sort of unicorn in the field of
genetic hazards of radiation, and not nearly as much as I think the issue
deserves in looking at other sources of metagenesis, for example,
chemicals and endogenous metabolic factors. We have to look at relative
risks. One can look at two levels, the effects and the agents
themselves. I thought Dr. Sanka's talk was very useful and important to
calibrate us with respect to the various hazards that we all face with
respect to our own mortality. Obviously, if we were able to eliminate
cancer, more people would die of coronary disease and so on. Once when
discussing this notion of hazards to health as a zero sum game, I said in
a rather cavalier fashion to a colleague "well, it's clear that you have
to die of something and myself I would just as soon be shot by a jealous
husband". At that point a very attractive lady scientist reached over to
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say "I would be glad to help you with that". (Laughter). One has to make
some assessment of the relative hazards of different kinds of diseases or
conditions that could produce ill-health. That is the aspect of effect.
One also has to consider the agents. To what extent are we comparing
radiation with chemicals and both of these with endogenously produced
mutagen that arise, for example, as a result of oxidative metabolism? If
the first inducer of mutation to be discovered had been mustard gas
rather than ionizing radiation, we probably would not be as concerned
about radiation. In terms of the studies that we have done in yeast at
least, radiation is a relatively poor mutagen; it is a good recombinogen
but poor mutagen compared to ultraviolet and many chemicals for the
production of point mutations.

Another issue is that of thresholds, real or apparent. This is by
no means settled. We all accept it as an article of faith that radiation
produces stochastic effects; a linear extrapolation with a Poissonian
process at very low doses will give us a linear, non-threshold dose-
response pattern. However, the moment one allows the existence of
repair, particularly highly efficient repair, one opens the possibility
that repair-proficient cells conceivably could have a dose-response
relating with zero or close to zero slope at very low doses. We have
heard, I think from Dr. Grahn, that the linear extrapolation is a
reasonable model. I agree that it is the most reasonable and also the
most conservative. But we should be aware that there are a variety of
other statistical extrapolation models that statisticians have used in
this field. For example, Charles Brown at NIH did an analysis of a
variety of experimental data on chemicals in which he attempted to
extrapolate from animal observations to determine "virtually safe dose
levels". Here the dose-response curve is plotted with the dose on a
logarithmic scale rather than the normal linear arithmetic scale. On a
logarithmic scale, there is of course no zero point or origin; the scale
is infinite in both directions. The experimental points can thus be
plotted either on a linear scale or on a logarithmic scale of some kind.
When the dose is on a logarithmic scale, very small doses have their
range greatly extended. There are, as you know, a variety of models such
as the logistic model. The Weibul model, the log-normal model, the
linear model and so forth. Brown examined five or six standard
statistical models for extrapolation for several chemicals. He found
that extrapolations to virtually safe dose levels gave differences in the
estimated virtually safe levels of about four orders of magnitude. There
was no a priori reason in most cases to choose one of these extrapolation
models over another. The extrapolation problem is very difficult. The
experimenters say to the statisticians please give us better models and
the statisticians say please give us better data. I simply want to
remind you that the dose axis can be put on a logarithmic scale. A hard-
line person on safety might still not agree that any selected level was
safe enough.



An important issue concerns mutagen burden, particularly when
comparing radiation with chemicals. In the case of ionizing radiation,
we have a very good idea what the natural background exposure level is,
as well as of the exposures associated with the nuclear industry,
medicine and do on. Therefore, it is relatively easy to subdivide the
mutagen burden for ionizing radiation into controllable or avoidable and
unavoidable components. The unavoidable contribution from natural
background radiation is very small and, as a result of efforts by the
ICRP and by health physicist over the years, we have succeeded in doing a
remarkable job in protecting the population against avoidable radiation
exposures. Regulatory measures, precautions and safety procedures can
play a very important role in minimizing avoidable exposures. However,
we really don't know where we are at in the case of chemicals. It is
difficult to know how the mutagen burden subdivides between avoidable and
unavoidable exposures to chemicals. The problem for regulators is that,
if unavoidable exposures to chemicals including endogenously produced
mutagen are large, then any number of regulations to control a small
avoidable component would, in principle, not have much effect on public
health in the long run. At the present time, we really do not know for a
population or for particular individuals the relative proportion of
avoidable versus unavoidable mutagen exposures. We are in a much better
position with respect to radiation in appreciating the importance of
radioprotective measures. The question of chemical mutagen is much more
important. My strong suspicion is that exposure to ionizing radiation is
a very minor component of the total mutagen burden to which we are all
exposed.

One issue that was not raised this morning is the interactions
between various mutagens. There is a fair amount of data in the
literature, but not as much as I would like to see. There can exist both
synergistic and antagonistic interactions amongst mutagen. Certainly
there is a strong ultraviolet: X-ray synergism in micro-organism. This
also relates to the population heterogeneity in terms of DNA repair or,
at least, of radiosensitivity, that Dr. Gentner discussed. In terms of
the future, understanding this heterogeneity is one of the most important
problems in the field. However, the data shown on Dr. Gentner's slides
raise a question on associations between differences in radiosensitivity
and heterozygosities in repair genes. If we look even within one class
with a particular genetic background, it will still be difficult to find
a population with uniform mutagen exposure. One issue worth thinking
about is the extent to which population heterogeneity with respect to
radiation sensitivity could also be influenced by the history of
exposures to other mutagen in the environment. For example, are they
smokers or non-smokers? Where do they live? We did not talk a great
deal about the question of standards. As a member of the Technical
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Advisory Committee of the Nuclear Fuel Waste Management Program, I was
always concerned what radiological criteria or standards would be set.
Human beings throughout their entire history have always lived in a
radiation environment. The natural background radiation to which we are
exposed is by no means constant but varies geographically. It is more in
Denver than on the coast and more in Kerala in India than in most other
places in the world. Maps of background radiation levels in Canada
exist. Given this variation, there is also a standard deviation in
natural background.

This standard deviation is quite large. But this at least seems
to offer a reasonable standard for radiological protection criteria. If
people have been living for thousands of years with this normal variation
in natural background levels, and if indeed there is no major difference
in health that can be attributed to these fluctuations in radiation
exposure, then perhaps the standard deviation in natural background
exposures might provide a useful yardstick against which to assess the
performance of something like a nuclear fuel repository. Those numbers
on tiie standard deviations are such that the standards would actually be
much looser than is currently proposed.

Finally, we calk about radiation and mutation in the context of
the DNA damage and repair hypothesis which has been a very useful and
productive concept over the past 25-30 years. But we should not forget
the important role of metabolism in genetic responses. A brief mention
was made this morning of mobile genetic elements. We do not really know
the processes that stimulate the movement of these elements. Barbara
McLintock likes to speak of stress, and we know of course about the heat-
shock response and the SOS response. But for many transpositions it is
not clear what causes this movement. There are only a few reports of
causation by standard mutagen. In our laboratory, and other laboratories
in the past few years, a lot of work on the role of nucleotide pool
imbalance in producing genetic effects is in progress. Bernard Kunz did
a review of the literature in 1982 and found evidence for every genetic
effect associated with standard mutagen, ranging from point mutations to
deletions, rearrangements and up to neoplastic transformation in 10T1/2
cells, being produced by appropriate induced alteration s in nucleotide
precursor pools. Ultraviolet light, radiation and some chemical mutagen
in turn produce nucleotide pool alterations. This raises another issue
which must be addressed. The responses of cells to mutagen of all kinds
including radiation are much more complex biochemically than one would
imagine on the basis of the simple notion of DNA damage and its error-
free or error-prone repair.


