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Executive Summary
Since 1996, the World Council of Nuclear Workers (WONUC) has organised a number of
maxi marathons (runs/walks; Appendix 1.) to focus media attention on nuclear workers and
the positive aspects of the nuclear industry. This, the first conference organised by WONUC,
attracted papers dealing with many aspects of low and very low doses of ionising radiation,
including molecular and genetic aspects and epidemiological studies. There was a lively
debate on the 'linear no threshold' model and on whether Hiroshima/Nagasaki data should
still be used to determine dose limits for workers and the general public.

At the end of the final day there was an open presentation by the panel of representatives from
WONUC member countries as well as a closed meeting of member country representatives.
This meeting discussed issues arising from the conference and captured ideas for a further
conference in two years time. It was decided that the next conference, which may possibly be
held in Germany, should cover the same topic. There will be board meetings in October
(1999) and in January (2000). It is hoped that Dr Jerard Barry, who will be on a private visit
to Europe, will be able to attend.
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Introduction
This was the first International Conference organised by the World Council of Nuclear
Workers (WONUC), although the group is very active in organising other events to unite
nuclear industry workers around the world (Appendix 1). A great effort is made to achieve
press coverage for WONUC events in order to counter the press coverage received by anti-
nuclear activists, and at this conference daily press releases were issued.

There were approximately 200 participants from 37 countries. There was also a representative
from the International Atomic Energy Agency (IAEA) and one from the United Nations
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR).

The Chairman of WONUC, Professor Andre Maisseu, is particularly keen to have WONUC
representated within the IAEA and UNSCEAR, participating as a non-government
organisation (NGO) that is able to contribute to the dose limits set by the International
Commission on Radiological Protection (ICRP). The Chairman is hopeful that this will now
be possible since the presence of the IAEA delegate at this conference was indicative of a new
link between WONUC and the IAEA.
Throughout the conference there was a clear message that the contributions from WONUC
and the messages arising out of the conferences are on behalf of nuclear workers.

The papers presented at the conference were selected for the quality of their content by a
scientific committee consisting of eleven experts from nine countries. Professor Maisseu
stressed that the authors' identities and affiliations were hidden to allow unbiased selection of
papers for this conference and thereby allow debate and facts to be raised by both the
proponents and the opponents of the Linear No-Threshold (LNT) model for low levels of
ionising radiation.

Aspects of the conference papers.
Eight keynote speakers and 52 papers were to have been presented during this conference;
however, not all papers were presented because a number of East European and Russian
participants were unable to obtain the funding to attend. There were also poster sessions. The
conference programme and printed abstracts are available in the ANSTO library. The full
proceedings will be published by WONUC at the end of September, and some papers will
also be published in the Journal of Radiation and Environmental Biophysics.

The opening address, which was presented by Professor Tubiana and entitled 'Radiation risks
in perspective: Radio-induced cancer among cancer risks' put cancer risk into perspective.

Facts of interest: < 1 % of deaths are attributed to pollution
> 50% of deaths are attributed to lifestyle - smoking, alcohol, eating,

car accidents. Professor Tubiana presented a formula in which cancer is directly attributed to
smoking with >50 cigarettes daily producing 20,000 cancers annually in France and passive
smoking (1-2 cigarettes per day) responsible for 150 cancers (30,000 lung cancers annually in
Germany are attributed to smoking).
He pointed out that radiation was considered beneficial until there was a public opinion shift
in the late 1950s and early 1960s associated with a fear of atomic war (politically driven) and
asked if the "anti nuclear campaign is a self-sustaining reaction".

Three concurrent sessions of papers were presented after each major break and keynote
speaker presentations. The first three sessions considered 'models and controversies in
radiation carcinogenesis', 'Chernobyl effects' and 'radon mining'.



In this session, some papers that were presented supported the LNT model. They included
'Lung cancer risk at low exposures among Czech miners' by Tomasek and Heribanova, and
'Brain damage in utero as a result of the Chernobyl accident in Ukraine' by Nyagu et al.
Other papers questioned the validity of the model at low levels of ionising radiation. These
included 'Influence on life span and immune system in mice exposed to very low doses of
ionizing radiation' by Courtade et al. and 'Health indices of the residents living in the 30km
zone of the Krasnoyarsk mining and chemical combine' by Mazharov et al.

The general conclusion to many of the papers was that more work is required to determine the
effects of low levels of ionising radiation and that all the underlying factors including the
lifestyle of the people studied need to be considered.

The next session commenced with two keynote speakers. Professor Esteve presented a paper
on 'Occupational radiation risks for nuclear workers' and Professor Kellerer presented a paper
titled 'Radio-induced cancer risk estimates from epidemiological data'. Professor Esteve's
paper outlined a study of 480,000 to 520,000 nuclear workers in 14 countries. Some of the
results demonstrated that the risk of leukaemia is positive and driven by excess deaths
observed where doses were over 200mSv, which is consistent with the A-bomb data. When
restricted to low doses, the risk of solid tumours is not linear. One suggestion during
discussion was that nuclear workers are healthier, smoke less and so have a lower cancer risk
than those in other occupational studies. This was backed by a 1994 UNSCEAR study that
demonstrated a great difference between nuclear and non-nuclear workers.

Note: Dr Jerard Barry has suggested that I include a note here that when Dr Tucker was
medical officer at Lucas Heights a great amount of data was accumulated on ALL staff,
whether they were exposed to radiation or not. Continued accumulation of this and similar
data might provide evidence to support or reject the LNT model.

The presentation by Professor Kellerer asked "are the risks at low dose observable" and
suggested that medical cohort studies, high background radiation studies and childhood
leukaemia post-Chernobyl studies answered this question in the negative; the exception being
the Oxford childhood mortality study. He also suggested that while there is a linear trend for
occurrence of solid tumours in A-bomb victims, there is no evidence below 50mSv and
evidence of a threshold appearing for leukaemia. However, he also stressed that the potential
effects of neutrons have not been adequately addressed and may need reassessment, which
could lead to a reduction of risk estimates for gamma rays.

After these keynote speakers, there were three concurrent sessions dealing with natural
radiation, low dose risks and molecular biological mechanisms (parti). In the session dealing
with low dose risks, Dr Lapp discussed the fact that the total collective dose for the
Hiroshima/Nagasaki group is about the same as for the total US nuclear workers and
suggested there is a need to examine the confidence limits of the data.

The keynote speaker for the evening session was Professor Trott, who discussed models and
controversies in radiation carcinogenesis. Professor Trott pointed out that human studies
would never be as homogeneous as the many animal studies to date. Yet, it is not possible to
distinguish, from the animal studies, between linear relationships, linear quadratic
relationships and linear threshold relationships (around the 200 mSv cut-off). He also pointed
out that the LNT model cannot be fitted to the A-bomb or the Chernobyl liquidator groups,
that the process of cancer mutation is not consistent with the LNT model (ie not a single hit
mechanism) and that natural selection is the overriding mechanism leading to cancer. He



suggested that there may be some radiosensitive people in the community and asked, "how
can we protect them"?

The three concurrent evening sessions covered epidemiological data, effects on thyroid
diseases and molecular biological mechanisms (part 2). Dr Fleck's paper introduced
experimental work at the cellular level demonstrating 'radiation adaptation' to a subsequent
irradiation of a challenge dose (1 to 10 Gy over a few minutes) and reducing genetic damage
to 30% compared with that in untreated cells. In modelling the time behaviour of cells
between a priming dose and a challenge dose as a function of irradiation doses and dose rates,
he believes a model developed by his group could explain the nonlinear effects in
epidemiological data and that radiation hormesis could explain these effects of low and very
low dose rates. In his paper, Dr Wallinder also found it difficult to fix something as complex
as cancer into a linear model.

On Friday morning the keynote speakers included Professor Clarke, who discussed the
variations in natural irradiation throughout the world, and radiation exposure limits for the
general public. Profesor Mothersill talked on the damage to the genome caused by radiation,
and the stress mechanisms and their role in human radiocarcinogenesis. As chairman of the
International Commission on Radiological Protection (ICRP), Professor Clarke discussed the
challenges to the ICRP in view of changing public concerns, particularly in relation to the
LNT. An abstract of his paper is presented below (Appendix 2) and a full version of his paper
can be accessed on the web site: http://www.iop.org.

There were again three concurrent presentation sessions after the keynote speakers. Papers
were presented on the LNT controversies, genetical effects, and neutron and X-ray effects.

I was unable to attend this session as the WONUC member country representatives met to
discuss the procedure/agenda for the evening panel and general meeting.

Following lunch, two final keynote speakers addressed the conference. Dr Gustafsson, from
the IAEA, discussed the regulation of low level radiation exposure and Professor Coursaget
talked about the European Union facing radioprotection standards. Dr Gustafsson recalled that
at the Seville conference (1997) there was support for the LNT assumption in data showing
excess leukaemia risks above 200 mSv and childhood thyroid cancer developing from lOmGy
radiation. Professor Coursaget suggested that from now on it might be more appropriate to set
dose limits on the basis of data from nuclear worker groups and not the Hiroshima/Nagasaki
group as the latter were military exposures and are thus not applicable to workers. He
suggested that the majority of the scientific community no longer accepted the LNT model
because the recovery mechanism is able to restore 1014 cellular damages to the nucleus and
said that there is an underestimation of dose rate. He suggested that a reduction from 5 to
lmSv for the public is unreasonable and that a reduction from 50 to 10 mSv for workers has
no longer any scientific justification. He also suggested that epidemiological researchers
enjoyed their power but in reality, at doses below 100 mSv, only molecular genetics allowed
an objective exploration of the carcinogenic mechanisms.

Questions asked of Dr Gustafsson and comments made:
Q: How was the 10 micro Sv/year dose recommendation arrived at?
A: Based on risk concept, to achieve an unquestionable low risk which people would not
worry about.

When it was suggested that the general public would not understand the difference between
the set levels and that any limit would always be considered a risk by the public, Dr



Gustafsson disagreed, stating that she had more confidence in the scientific awareness of the
public.
Professor Mothersill stated that collective dose had no meaning and only individual doses
should be considered.
Professor Clarke asked how the curvilinear dose relationship would be handled by the IAEA.
Dr Gustafsson answered that the IAEA would be objective and would wait for ICRP
recommendations.
It was suggested that the adaptive response needed better understanding and that the IAEA
should convene a conference to discuss the pros and cons, and to be able to make decisions.
Another comment was that the proponents of the LNT tend to avoid discussions, even at
conferences organised for this purpose.

Jerry Cuttler presented a brief synopsis of his poster paper: 'Resolving the Controversy over
Beneficial Effects of Ionizing Radiation'. This paper highlighted some of the research already
demonstrating beneficial effects of low-level radiation. The abstract of this paper (Appendix
3) appears below. The full paper can be accessed in the copy of this report in the ANSTO
Library.

The final conference paper presented was a synthesis and conclusion by Professor Masse
(Appendix 4). This provided a topic background synopsis and drew together results and
conclusions from selected conference papers.

WONUC Panel
Each representative from the WONUC member countries was asked to present a brief (5
minute) outline of their country's nuclear program and raise other matters such as, the general
position of nuclear workers in their country, their impression of the conference and its
implication for their country's nuclear workers. My presentation (Appendix 5) was very brief.
The chairman of the panel was Dr Burton Bennett from UNSCEAR. There were presentations
by representatives from all the WONUC member countries present at the conference as well
as a longer presentation from a non-member country with a specific problem. The problem
related to the diamond mining industry of Botswana and the need to make surveillance of
personnel leaving the mine quicker and less labour intensive. For this task a walk through X-
ray machine was being purchased and the presentation related to the justification of this
requirement and the potential dose received daily by the workers. The justification addressed
the reliance of their country on the income from the diamond industry, the need to reduce
diamond theft by employees and consequently the use of an efficient and effective means of
achieving this.

WONUC General Meeting
This session produced a lively discussion that lasted two-and-a-half hours. The discussion
included the Botswana issue and what WONUC should do. Some members of the panel were
not sure that an X-ray machine would achieve the appropriate effect of scanning for diamonds
in body orifices. Others believed that these employees would not be considered as nuclear
workers and that the dose limit set for members of the public would be exceeded. There was
insufficient information available for any conclusive advice. It was agreed that WONUC
could do nothing until it received a letter from the Botswana government requesting advice.
The chairman pointed out that funding would be a major issue in any research undertaken.

There were opposing views among the member countries regarding set dose limits for nuclear
workers, with the Canadian representatives clearly favouring the current low levels and a
priority of worker protection. It was decided that more information and research was required.



It was agreed that the conference had highlighted many of the issues relating to low and very
low doses of ionising radiation, but that more research was required and that scientists should
look for beneficial, and not just deleterious effects. Another conference on the effects of low
and very low doses of ionising radiation will be planned for 2 years hence (possibly in
Germany) and that executive meetings be held more frequently, with the next in September.
Professor Maisseu suggested that another meeting in December/January would be appropriate
to allow Dr Jerard Barry to participate, as he will be in the region.

Conclusions
I can only conclude, from my representation at this conference, that Australia must remain
informed, first-hand, of the activities of this pro-nuclear group of member countries, and
contribute where possible. The conference highlighted the growing scientific understanding
and debate of effects of low and very low doses of ionising radiation and it is important that
workers in Australia should have first-hand access to this information. Indeed, if in years to
come radiation hormesis is demonstrated, workers should be made aware of that possibility
and the fact that their place of employment may hold an additional health benefit rather than a
reputed health risk. I believe that such a positive attitudinal shift would certainly help nuclear
workers to counter the ever-present negative sentiments of the anti-nuclear lobby groups.
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Appendix 1.

Dear Renate,
It was very nice to have you at our first International Conference, and by
this way the support of our Australian colleagues. I was also very pleased
to give to some people of WONUC the possibility to meet each other. It was
for example the first time our Namibian and Philipinian colleagues was able
to join us. The Swedish met for the first time the Argenitnian and the
Brazilian, also...I do believe in direct contact for developing our action
through the world.
We have several activities organised in several directions :
l)mediatic event
2)studies
3)international conference
4)trade unionist demonstration (in the spirit of the French revolution)
5)legal action against national government, as for example our action
against the French government for the closure of "Superphenix" our RNR
power plant.
And of course "daily" action to national (European) decision-makers.

l)The MaxiMarathon is the mediatic action we launched in 1996
1st MM Paris Brussells (France Belgium 1996)
2nd MM Paris Brussells (France Belgium 1997)
3rd MM Budapest Vienna (via Slovaquia and Czech Republic)1998
4th MM Constantza Bucarest (Rumania 1998)
5th MM Munich-Stuttgart or Hannover-Berlin (Germany 2000)in preparation
6th MM Switzerland

It is very difficult for pro-nuclear people to catch the attention of the
media. We have to repeat and repeat and repeat again this action.

2)We are actually working on a world wide study about the impact of
nuclear industry on employment. We want to add the employment topic to the
environmental topic {greenhouse effect) for the defence of nuclear
industry.

3)As you know, we just have our first International Conference. We will
repeat it every two years to keep the floor about this subject. We
are organising with
the Russian for Fall 2000, a conference about "human factors and nuclear
security". I would like to organise with our Brazilian colleagues an other
one about "Is Oklo a natural model for nuclear waste management ?"
The idea is always the same : to start with clever and neutral facts about
the main challenging nuclear topics, to defend in a positive way the
nuclear industry.
And the last but not the least, we are organising a 'classical frenchie'
(may be with some disorders) trade unionist action with a giant
demonstration in Strasbourg in October 1999, where the European parliament
is located.

As NGO we are invited to some debate at the United Nation.

And and and we have so many things to do!!!
Kindest regards
Andre Maisseu
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J. Radiol. Prat. 1999 Vol. 19 No 2 107-115 Printed in the UK Pll: S0952-4746(99)02159-5

Control of low-level radiation exposure: time for a change?

Roger Clarke
Chairman, International Commission on Radiological Protection, and Director National Radiological Protection Board, Chilton,
Didcot, Oxon OX11 ORG, UK
Received 1 February 1999, in final form 26 February 1999, accepted for publication 1 March 1999

Abstract. The carcinogenic risks of exposure to low-level ionising radiation used by the ICRP have
been challenged as being, at the same time, both too high and too low. This paper explains that the
epidemiological evidence will always be limited at low doses, so that understanding the cellular
mechanisms of carcinogenesis is increasingly important to assess the biological risks. An analysis is
then given of the reasons why the challenges to the ICRP, especially about the linear non-threshold
response model, have arisen. As a result of considering the issues, the Main Commission of the ICRP
is now proposing a revised, simpler, approach based on the concept of what is being called
'controllable dose'. This is an individual-based philosophy and represents a shift in emphasis by the
Commission from societal-oriented criteria using Collective Dose. Finally the paper speculates on the
consequences for radiological protection of such a change in policy. The Commission wishes its ideas
to be discussed as part of its reconsideration of its recommendations.
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Appendix 3.

Resolving the Controversy over Beneficial Effects of Ionising Radiation.

Jerry M. Cutler
Atomic Energy of Canada Ltd
2251 Speakman Drive, Mississauga
Ontario, Canada, L5K 1B2

Abstract
In spite of the extensive research carried out during the past century, intense controversy
continues over the health effects of low-level radiation. This controversy is largely due to
political and social issues among scientists and analysts in a variety of disciplines. These
issues cloud objectivity and strengthen paradigms. Over the past ten years, in 14 universities
and two research institutes, Japanese scientists have conducted exceptional research which
clearly demonstrates beneficial effects of low-level radiation and cancer cures following
therapy with low doses of radiation. Assessment, replication and extension of this work in
North America could lead to greater appreciation of its significance. Cancer patients would
demand such treatments, leading to universal acceptance of these bio-positive effects and
reducing public fear of nuclear technology.
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Appendix 4.
WONUC CONFERENCE: Final Paper presented with Topic Background

SYNTHESIS AND CONCLUSION

Professor Roland Masse

The deleterious effects of irradiation have been extensively reviewed since the beginning of the 20th
century and, as early as 1928, regulatory policy at the work-place began to be recommended by, ICRP
for radiologists and technicians when it appeared that excessive, exposure resulted in an increased risk
of leukaemia.

Since that time, the principle of justification, optimisation and limitation of individual doses have been
implemented, aiming at preventing deterministic effects and limiting stochastic effect., as low as is
reasonably achievable.

Epidemiology, of exposed human groups is the main source of data for assessing the level of risk
associated with exposure to radiation. Until now, both from statistics and from basic research on the
underlying mechanisms of cancer induction, it has been deemed reasonable to consider that a linear, or
proportional dose-effect relationship, could not be excluded for assessing the risk of radio-induced
cancer at low doses. Linear no threshold hypothesis was provided as the rationale for radiological
protection recommendations. It assumes that a single photon -in a single cell has a low but finite
probability to result in a cancer.

This meant clearly that a zero risk was not an option for ICRP and the basic principles of its
recommendations were supposed to meet public acceptability

"on an appropriate standard of protection for man without unduly limiting the beneficial practices
giving rise to radiation exposure" (ICRP 1999)

Obviously this objective was not reached. Laymen or regulators have forgotten that a constant risk of
cancer per exposure unit relates, in many ways, to the worst possible scenario in terms of biology; they
predicted unacceptable tens of thousands of cancers attributable to the Chernobyl disaster, simply by
summing up minute individual fractions of the collective doses over world-wide population and
multiplying this dose by a single risk coefficient.

One of the reasons why a linear dose-response, which is a very unlikely guess, due to the complexity
of cancer mechanisms, as evidenced during the symposium by Trott has been popular, was the
enthusiastic fancy for the use of cost-benefits analysis in health and environmental decision-making as
reminded us by Tubiana. This approach, which includes calculating the monetary, value of human
health for estimating benefits gained from exposure savings, proposed as a rational tool for reaching
public acceptance of a risk, on the basis of identifying the most highly valued use of potential
resources which are limited by nature. In some way it allowed the decision-makers to become,
independent of technical experts. It rapidly turned out, however, that this virtuous principle reached its
limits when it was realised that focusing on economic efficiency failed to address changes in
distribution of resources. Especially it became obvious that, as said by, Covello in 1988 "if the saving
gained from implementing the most efficient course of action are not use to benefit those who lose for
efficiency, sake, then a less efficient but more equitable option may he preferred. Finally LNT and
Cost-Benefit analysis has contributed in raising risk aversion among the public since it treated
hypothetical risks as actual ones; individual demands of 0 risk was proposed as an alternative, by
well organised although sometimes contradictory, protest groups.

Actually the "maximal collective utility," is not considered any, more as an acceptable concept for the
members of the public, each day of the last months made it very clear for the media, they only focus
on individual risks whatever they were.



12

The situation at the workplace is quite different as stressed by, our host here, epidemiology of nuclear
workers is good and implementation of ALARA has been extremely profitable in terms of
"Responsible Care". With rare exceptions as noted by Lapp, it resulted in nuclear workers fairly
trusting nuclear industry.

In these circumstances is no wonder noting that increasing concern about LNT resulted both in
rejuvenating research and in multiplying scientific conferences on low doses and low dose-rates
consequences. French Academy of sciences 1998, AIEA in Seville 1998, US Health Physics Society
in Racine 1997, 1C0NE 1999 in Japan contributed mainly to enlighten the debate. Our meeting in
Versailles, closing today, is undoubtedly one of the major event in this field.

Several lines; arguments have now to be taken in consideration. As reminded by Tubiana and Kellerer,
the LNT remains an hypothesis and cannot be promoted to the status of a fact, being questioned by so
many senior radiation biologists such as Rossi, Walinder, Pollycove, Trott. Koteles, Liu who reported
to the meeting. As requested by, Muckerheide there is a need to collect the data that contradict LNT
and we may add that these data need to be validated, in the same way as it should he done for the data
which support the LNT. There is no possibility for any, progress in science if acquired scientific data
are, considered as dogma, but there is also no reason to consider that multiple errors could be
considered as truth by the virtue of incantation : rigorous clinical trials are requested to establish if low
doses can cure patients and publication in international reviews are necessary to establish that
biological responses do not follow LNT hypothesis.

Whatever may be the importance of the effects resulting from cell killing and mutational events it
appeared clearly from the meeting that these events are not sufficient to understand the biological
effects of radiation and especially at low doses. Complicated interplay of stresses and adaptive
responses modifies the cells at risk and their environment, this has been beautifully illustrated by
Koteles in simple cytogenic analysis. It may he understood, following Pollycove and Feinendegen that
this may result also in functional deficiency or increased resistance of organisms to various stressors.
This is an important field for future research may help understand clinical changes, significant but
hardly explainable, as those concerning changes of immune functions and bioelectric activity reported
by our colleagues from Ukraine, Belarus, Russia and other Eastern European countries following
Chernobyl accident.

One of the good reasons for looking at functional and not at lesional effects of low doses, as reminded
us Cutter, is the possible therapeutic use of Whole Body Irradiation in the few tens of cGy. range of
doses. This has been proved efficient, long time ago, in therapy or adjuvant therapy for non Hodgkin
lymphomas and possibly for other tumour types as experienced in Japan. The efficiency of radon
therapy which is popular in many, places of the world is one of those beliefs which still need to be
controlled by rigorous clinical trial to be convincing. Experimentally some new results by Courtade
were presented here which substantiate the controversed interpretation of Lorenz data, attributing to
low doses a beneficial effect on longevity of mice. It will be possible now to understand what happens
really, being sure that diet, intercurrent infections and immune functions are not key factors.

One of the most fascinating area which was presented here is the growing attention paid to genetic
instability induced by radiation. It allows the irradiated cells to transmit to their daughters the ability
of cumulating mutations at high rate. This was a key issue in the demonstration by Trott that, most
probably, cancer cells do not result directly of the initial lesions created in the DNA by incident
radiation. As stressed by Mothersill, it occurs at low doses, it participates to cancer induction and to
induction of delayed cell lethality. The major issue is that we don't know what it is, how it happens
and what are exactly its consequences in terms of risk. There is some evidence that is results from a
field effect and that the target may be larger than one cell, relating to multiple cell signalling. This plea
maid by Mothersill for an urgent need to support this field of research has really to be listened to. One
of the most intriguing and common feature of genetic instability and stress responses is the weak dose-
effect relationship, looking more or less like a stepwise phenomenon, this is true for instability itself
and for many adaptive responses inducing resistance to genotoxicants in vitro and in vivo as well. This
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may well suggest that we are facing 'all or nothing' responses, threshold limited responses in other
words.

Experimental cancer induction has been the subject of major reports, from Japan, China, Canada and
France. They focussed on non linear responses or on unexpectedly high DDREF with alpha emitters.
These will be difficult to reconcile with the one hit in a single cell concept underlying LNT. They
indicate also complicated interplay of cumulative dose and dose-rate effects at the origin of the
phenomenon as stressed by Monchaux and Duport, The initial events which may be associated with
high LET emitters deposits of energy need to be clarified and it may well be that relatively neglected
effects such as K shell ionization evidenced by Chetioui plays some specific role in late effects.

One of the most touchy subject is epidemiology due to its importance for the assessment of risk
coefficients. Large scale studies have involved more than 400,000 nuclear workers and they reviewed
by Estev. Up to now, with exception 'of borderline statistical significance of an increasing risk with
dose for leukaemia' as stressed by a recent paper from NRPB, in the NRRW sub-cohort the overall
data are consistent with no raised risk, a strong healthy worker effect being evidenced. Uncertainties
remain and it cannot be excluded that linear dose-effect relationship consistent with risk coefficient
evidenced among HN survivors could fit the data. However this evidence becomes weaker when the
cohort increases in number. Moreover recent data from Ivanov as reported by Trott excluded LNT for
Chernobyl liquidators.
Other epidemiological sources were reviewed by Kellerer and especially Hiroshima and Nagasaki
survivors. He made the point that very likely a large part of the cancer excess observed among HN
survivors could result from exposure to neutrons. This needs obviously to be clarified but indeed
experiments in animals indicated that whole body irradiation at low doses of fission neutrons resulted
in RBE in the range of 50 versus gamma rays.
Results on radon exposed groups, excluding miners who obviously developed radon induced lung
cancers, are more difficult to handle. As reported by Becker the evidence that residential radon is
dangerous in non smokers is lacking. This is not inconsistent with the positive results obtained in
Sweden or with recent meta analysis. Advocating a beneficial effect would call for a rigorous control
of individual exposures.

Regulatory policy has been the matter of debates. Coursaget made a plea that implementation of EEC
Directive 96/29 was not substantiated by the growing evidence that extrapolation of risk at low doses
was erroneous, overestimating the actual risk. The position of regulators was different considering that
there was a confusion between incremental doses due to practices and total doses resulting from all
sources. In some part of the world doses as high as 100 mSv per year are encountered as in Ramsar
and it may be agreed that any increment may result in harm to the health, 1 mSv/y is a reasonable
compromise. On the other hand both from the point of view of Clarke, ICRP and Gustafson, AIEA,
levels of action in the case of durable exposure individual limits may be considered this would lead to
the conclusion that no remediation is needed below 10 mSv and remediation is necessary above
lOmSv/y.

We know probably more from the potential hazards associated with radiation than we know from the
other pollutants of our environment, however, in conclusion this very informative and stimulating
meeting has left us with the feeling that radiobiology, radiopathology, and radioepidemiology are still
a matter for extremely active research which may well be considered as models for going on 'Toward
the paradigm change' as requested by Hattori in the Tokyo meeting, when risk assessment of delayed
effects of low doses of environmental toxicants and implementation of the precautionary principle are
matters of concern.
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Appendix 5.

Australia has no power reactor; we have an aging research reactor (a 10 MW HiFlux reactor)
at the Australian Nuclear Science and Technology Organisation (ANSTO) which is 30 km
south of Sydney, at the southern limits of the city. We have a 1.6 km buffer zone around the
site. We also have a 2m fence and 24-hour gate security and a second fence with 24-hour
security around the reactor containment building. Australia has a number of uranium mines.

Our radiation protection dose limits are set by our National Health and Medical Research
Council and guided by the ICRP recommendations.

The union covering professional workers at ANSTO has just voted to become a WONUC
member and I am the first representative. My job is to report back on the workings of
WONUC and this conference.

I have found this conference interesting and the exchange of ideas stimulating and valuable. I
also feel that our creature comforts have been well looked after and I congratulate Professor
Maisseu and his very obliging staff on a job well done.



WONUC Conference on the Effects of Low and Very Low Doses of Ionizing Radiation on Health
Organized by the World Council of Nuclear Workers, held in Versailles, France, 1999 June 16-18

Resolving the Controversy over Beneficial Effects of Ionizing Radiation

Jerry M. Cuttler
Atomic Energy of Canada Limited
2251 Speakman Drive, Mississauga

Ontario, Canada, L5K 1B2
CUTTLERJ@AECL.CA

Abstract

In spite of the extensive research carried out during the past century, intense
controversy continues over the health effects of Jow-level radiation. This
controversy is largely due to political and social issues among scientists and
analysts in a variety of disciplines. These issues cloud objectivity and strengthen
paradigms. Over the past ten years, in 14 universities and two research
institutes, Japanese scientists have conducted exceptional research which clearly
demonstrates beneficial effects of low-level radiation and cancer cures following
therapy with low doses of radiation. Assessment, replication and extension of
this work in North America could lead to greater appreciation of its significance.
Cancer patients would demand such treatments, leading to universal acceptance
of these bio-positive effects and reducing public fear of nuclear technology.

Keywords: nuclear radiation, public fear, cancer, low-dose, hormesis,
beneficial effects, controversy, Japanese medical treatments

Introduction

What is the key to the golden age of nuclear technology that awaits us in the next
millennium?111 Is it not the resolution of this issue? Is it not the public awareness of the
real effects of radiation on health, leading to a more positive attitude towards nuclear
energy?

We must congratulate the World Council of Nuclear Workers for its initiative and
leadership in taking on the challenge to examine this very important matter in this forum.
This is quite appropriate because nuclear workers have a vital concern in the resolution of
this on-going scientific controversy, which has greatly intensified over the past five years.
On the one hand, they enjoy many interesting well-paying jobs, which provide
tremendous benefits to humanity, but on the other hand, they routinely receive low doses
of radiation in their occupation. Power plant workers live with their families near
reactors and experience, in addition, the public concern about the possibility of a release
of radioactivity.
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1999 May 8



Is it not true that most people believe that nuclear radiation is an important carcinogen? -
that it also produces significant genetic effects? As a cause of death in Canada, cancer
has risen to an incidence that exceeds 25 percent of the population. So cancer has
become a great concern! People want to identify and avoid the causes, and they demand
cures. The anti-nuclear movements are aware of these perceptions and fears, and they
take advantage of them in their campaigns to advocate the phase-out of all nuclear
technologies.

There have been cases where a court of law has accepted a nuclear worker's claim for
compensation from his employer for becoming ill with cancer many years after exposure
to low doses of radiation. The judgment was based on the common knowledge that
radiation in any amount causes cancer. Will these cases set precedents for many more to
follow? It is clearly important to resolve this matter soon.

What are the real effects of radiation? Ionizing radiation and radioactivity were
discovered by Roentgen and Becquerel more than a century ago, and many scientists have
studied these phenomena ever since. We have mountains of data about the actual effects
of radiation on health. There is a consensus that a large, short-term dose cause burns and,
in some of the cases, cancer occurs years later. However, as we know, there is a major
disagreement about the effects of a low dose of radiation, received within a day or
gradually over a long period of time. Many scientists believe, or assume, that the
smallest doses of radiation still cause cancer, while others point out that the evidence
shows that there are either negligible adverse effects or beneficial effects.

The controversy is due to major political, social and economic issues, affecting many
scientists and analysts in a variety of disciplines. These issues cloud objective research
and thinking, and increase resistance to changing established paradigms. So the
disagreement will not be resolved simply by presenting more scientific evidence, as has
been done many times over.

Considerable progress has been made in recent years in the field of molecular biology
which is helping scientists understand the data and design new experiments to formulate
and validate better models of cell behaviour. But the long-term effects of low doses of
radiation will continue to be debated.

It is not very surprising that the Japanese, who suffered from the consequences of two
nuclear bomb blasts, and now have a large nuclear power program, are world leaders in
measuring and understanding the actual health effects of radiation, especially low doses
of radiation. Their investigations have clearly shown that low doses of radiation are
beneficial to health and that medical treatments with low-dose radiation can be used to
cure diseases, including cancer. Unfortunately, the Japanese scientists are subject to the
same political and social pressures that we experience in the west. So, how can this
controversy be ended?



A promising way is to communicate the methodologies and results of the Japanese
research to medical scientists in other countries and urge them to review, repeat and
extend these studies. Once our own medical centres become familiar with these
discoveries, patients with terminal diseases could be offered such therapies. The pressure
from dying patients, seeking cancer cures, would lead to widespread acknowledgment of
the beneficial effects of low-level radiation, helping to end the fear of all things nuclear.

Implementation of such a strategy is underway at the International Centre for Low Dose
Radiation Research at the University of Ottawa in Canada, in cooperation with Japan's
Central Research Institute of the Electrical Power Industry.

Early studies of the health effects of radium'21

After the isolation of radium in 1898 by the Curies, physicians were intrigued by the
potential effects of energetic heavy particles within the human body. This new form of
energy deposition suggested that radium decay might have some therapeutic potential,
and led to the first laboratory trials of radium in the United States. The Standard
Chemical Company was formed in 1910 to handle radium production and sales. It
included a biological laboratory to investigate medical uses of radium. The Radium
journal was established in 1913, in which physicians could record the results of the
treatment of many diseases through internal or external applications. Many patients were
treated with radium in order to identify the medical ailments which radium can alleviate,
e.g., arthritis, and the doses required. Doses up to 1,000 uCi were tolerated well.

The virtues of radium therapy were promoted until the late 1920s when the hazards of
internal radium became known. The best known form of radium available to the public
was radium water, e.g., 60 mL bottle of Radithor containing 2 uCi of radium. This form
of therapy ended after the April 11, 1932 edition of Time magazine which publicized the
death of E.M. Byers by "radium poisoning." He consumed 5,000 uCi of this product
over several years.

Another early use of radium (starting in 1903) was the application of radium-luminous
paint to watch and instrument dials. Symptoms of radium poisoning began to be
observed in 1924, which was attributed to the painters' practice of pointing the brush with
their lips. The condition was named "radium necrosis," e.g., jaw-bone necrosis
(destruction). The radioactive elements formed fixed deposits, chiefly in the spleen,
bones and liver. This appeared as a deterioration of the jaw and other bones, cancers and
anemia leading to death. The 31 dial painting plants were closed by 1926. During the 16
years of luminous dial painting in the US, approximately 2000 dial workers had been
involved.

R.D. Evans carried out extensive research on the radium dial painters and developed
techniques to quantify and characterize their individual exposures. In 1941, he
determined 0.1 uCi of radium to be the maximum permissible body burden, which



included a safety factor of one or two orders of magnitude. In 1974, he identified a
threshold and provided dose-response plots of cumulative (excess) tumor incidence
versus cumulative (lifetime) skeletal dose.131 He found tumor incidence to be 28 ± 6% at
1,000 to 50,000 cGy, and zero below 1,000 cGy. This threshold corresponds to a dose of
200 Sv (20,000 rem).

Experiments were conducted on the effects of radium on rats which showed that, per unit
body weight, 150 times as much radium was required to produce particular chronic
symptoms in the rat as in man. Evans concluded that "the proper subject for the study of
man is man."'41

Studies of human encounters with plutonium

Research on the health effects of plutonium inhaled and ingested by the Manhattan
Project workers at Los Alamos started in 1952 to determine the delayed effects. Workers
at Rocky Flats and the Mound Laboratory were also studied. The highest exposed
workers, put in a group of 26, had effective doses ranging from 0.1 to 7.2 Sv. Although
plutonium has been called "the most toxic substance known to man," this group has
remained in surprisingly good health ever since. Dire predictions of catastrophic
increases of lung cancers have not occurred. In fact, mortality has been significantly
lower than the non-plutonium workers.'51 Studies of Russian plutonium-exposed workers
are proceeding and are important because their exposures were much higher.

Studies on the Japanese bomb survivors and the LNT hypothesis

Studies of 86,572 bomb survivors revealed the long-term effects of the (short-term)
exposure to be mainly 334 solid cancer deaths in excess of the 7244 cancer deaths
expected.'61 The data at low dose was not statistically significant, so the risk was inferred
and the excess deaths at low dose were estimated using a linear model.'71 The lowest
DS86 dose at which there appears to be a statistically significant excess risk is 35 cSv
(0.2-0.5 Sv). There are unresolved questions about the dosimetry which indicate that the
neutron doses were at least five times greater than the gamma dose equivalent, suggesting
that the initial T65D dosimetry should be used. Use of this dosimetry would put the
lowest dose for a statistically significant excess risk of solid cancers above 1 Sv.'8'91

A fundamental scientific error was made when the linear fit to the cancer data, observed
in the range of high doses, was extended outside this range into the low-dose range,
where there is no statistically-valid cancer data, by assuming that the incidence of cancer
is proportional to dose.110'll) (Figure 1) This assumption is convenient for nuclear
regulators and safety analysts, and has been enshrined as the linear no-threshold (LNT)
model and widely publicized. However, careful studies and experiments have not shown
an increase in cancer following a low dose. There are even observations of decreased
cancer.



Scientific evidence of beneficial effects following low doses of radiation

Beneficial effects were observed soon after the discovery of radiation, as was noted
above, however T.D. Luckey carried out comprehensive studies and published two books
on the phenomenon of radiation hormesis.[12'B1 He explained it as a particular case of
hormesis - the stimulatory effect of a small dose of a stressing agent: physical, chemical
or biological. His 1982 review article in the HPS Journal1141 resulted in an international
symposium in 19851151 and a large research program in Japan (see below) to determine
whether radiation hormesis is really true.

Since then, there have been many studies on beneficial effects of low dose radiation.
Annex B of the 1994 UNSCEAR report1161 reviews many of them as examples of "the
adaptive response," in which organisms change after a small "conditioning" dose of
radiation to better survive a subsequent massive "challenging" dose. The adaptive
response is evidence of radiation-stimulated repair mechanisms in action. Is it not
reasonable to expect systems, stimulated in this manner, also to repair damage caused by
normal metabolic degradation?

Pollycove has reviewed much of the scientific evidence for radiation hormesis in several
articles and presentations.117- '8i 19-20-2ll

Calabrese and Baldwin have pointed out that one of the major reasons why positive
effects following low doses of chemicals are generally not observed, even though they
occur, is that scientists have not been looking for them and have not designed their
experiments to find them.122'231 This assessment likely holds true also for radiation
hormesis.1241

A classic test of the LNT theory of for inhaled radon decay products has been carried out.
It proved that the LNT model is not valid.1251 Other considerations have been presented
which demonstrate that the LNT model is wrong and gives the wrong predictions.1261

Nevertheless, many scientists and analysts continue to use this model because it is
"conservative" (predicts more cancers than actually occur) and convenient for them.

The LNT-postulated increase in cancer due to low-dose exposure, if it were true, would
be obscured below ~30 cGy by the statistical variation in the normal occurrence of fatal
cancer in -25 percent of the population, as shown in Figure 2. The recent regulatory
recommendation'271 to lower the permissible dose limit for nuclear workers and the public
has been challenged by the French Academy of Sciences.{2S>29]

The Health Physics Society issued a position paper in 1996 pointing out that "biological
mechanisms including cellular repair of radiation injury reduce the likelihood of cancers
and genetic effects." "Radiogenic health effects (primarily cancer) are observed in
humans only at doses in excess of 10 rem delivered at high dose rates." It recommended
that "estimates of risk should be limited to individuals receiving a dose of 5 rem in one



year or a lifetime dose of a least 10 rem in addition to natural background. Below these
doses, risk estimates should not be used ..."[301

The press release following the Wingspread Conference read, "In a surprise move,
leading United States and international scientific experts agreed in an historic accord that
an increase in cancer has not been observed at radiation exposures below 10,000 mrem
given to the whole body in a short time."'311

It is important to note that much still remains to be learned about this phenomenon and
the effects of radiation on people. For example, the ~1000 cases and three fatalities of
thyroid cancer in children following the Chernobyl disaster is not well understood by
scientists. The effects of radiation on children need further study.

Scientists have assumed that genetic effects, observed in plants, insects and animals, are
also applicable to humans. This was also publicized widely, but there is no evidence to
support this assumption.'321 However, 8-15 weeks after ovulation, it is well known that a
short-term dose of 20 cSv or more to a fetus interferes with its rapidly-developing
nervous system.'33'341 Even though normal cell repair mechanisms work at a higher pace
during rapid fetal development, they are not accustomed to coping adequately with the
effect of a sudden high dose rate.

Just about everybody believes that exposing people to a very small dose of radiation will
increase their likelihood of cancer and genetic effects. So we have great difficulty using
nuclear technologies and transporting, storing and disposing radioactive wastes. Some
environmental regulators'^51 define a "contaminant" as "any solid, liquid, gas, odour, heat,
sound, vibration, radiation or combination of any of them resulting directly or indirectly
from human activities that may cause an adverse effect." A complex, expensive and
time-consuming environmental assessment, based on the LNT hypothesis, is required
before permission is granted to proceed with a project involving any nuclear application.

The US Department of Energy is funding $12 million of new research in 1999 on the
"serious study of molecular and cellular responses to low dose radiation ... to provide us
with real understanding on which to base intelligent standards for radiation protection."'361

Beneficial effects observed in the Japanese research'37'38'

As mentioned earlier, the revelation of Professor Luckey's work stimulated extensive
research in Japan to corroborate the notion of radiation hormesis. However, Professor
Sakamoto had been applying whole-body, low-dose irradiation as a therapy to suppress
the cancer reappearing after conventional treatment, for ten years prior to this heightened
interest. He reported on the success of his therapy on real patients. The therapy showed
an enhancement of their immune systems and cures lasting more than ten years. For
example, the survival rate of non-Hodgkin's lymphoma patients was increased by this
therapy from -50% to ~84%.'391



The Central Research Institute of the Electric Power Industry (CRIEPI) organized a
Hormesis Research Steering Committee, carried out preliminary studies which gave very
interesting results, and then initiated an expanded program involving fourteen universities
and two research institutes. Bio-positive effects were found which could be grouped as:
• rejuvenation of cells (increase of SOD and cell membrane permeability)
• moderation of psychological stress through stimulation of key enzymes
• suppression and therapy of adult diseases, such as diabetes and hypertension
• suppression of cancer through enhancement of the immune systems
• suppression of cancer and radio-adaptive response by activation of DNA repair and

cell killing.

Cooperation between Japan and Canada

This exciting and very important research continues in Japan, but it has not been gaining
global acceptance. On the encouragement of CRIEPI to duplicate the Japanese studies in
Canada,'381 a program of cooperation is being established between CRIEPI and the
International Centre for Low Dose Radiation Research at the University of Ottawa. This
program is planned to include the participation of cancer treatment clinics in hospitals in
Ottawa and Toronto.

Conclusions

The current pace of the evolution towards science-based regulation of nuclear technology
may be too slow to prevent the phase-out of nuclear technology, being driven by political
and anti-nuclear environmental movements. The nuclear workers are very important and
credible participants in the resolution of this controversy, by virtue of the direct impact of
radiation on their health and the public fear of radiation on their jobs. The recent massive
public demonstrations of 35,000 nuclear workers in Bonn and 4,000 in Prague have
shown that the workers can exert considerable influence in the public forum. Could they
not also urge the scientists and regulators to use more scientific methods to quantify the
actual benefits and risks of radiation at low and high doses?

But the real key to resolving the controversy are patients with cancer and other life-
threatening diseases who could be cured by low dose radiation treatments (with negligible
side-effects), if they were available. These people have an immediate life-or-death
interest in the resolution of this controversy.

If western scientists would only urge the replication of the Japanese medical treatments in
their local hospitals, the effectiveness of these low-dose treatments could be confirmed.
If terminal patients were aware of these remedies, they would demand the treatments.
This would soon lead to universal acknowledgment of the reality of radiation hormesis,
and end the fear of low-level radiation and all things nuclear.



This conference provides an exceptional opportunity for nuclear workers to become more
informed about this vital issue.
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