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FOREWORD
WORKSHOP ON GENETIC EFFECTS OF IONIZING RADIATIOf

PURPOSE
The primary biological effects of low levels of radiation are
usually considered to be the possible induction of :ancer in exposed
persons and of genetic heritable changes in their offspring. The purpose
of this workshop was to review recent literature on the heritable effects
of ionizing radiation and to identify areas of uncertainty and the need
for further research to reduce these uncertainties. In recent years, we
have seen dramatic changes both in estimates of the frequency of genetic
diseases that occur normally in human populations and in our understanding of the molecular changes induced in the genetic material (DNA) in
living organisms by exposure to ionizing radiation and related agents,
including carcinogenic chemicals and other types of radiation. New data
from Hiroshima and Nagasaki have also become available.
Since this workshop occurred near the time of the retirement of Dr.
David K. Myers from AECL Research, Chalk River, the organizers felt it
appropriate to pay tribute to such a respected and distinguished research
scientist. A brief summary of Dr. Myers' long-time career has been
included in these proceedings.

PROGRAM COMMITTEE
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Measures, AECB
Osborne, AECL
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GLOSSARY OF ABBREVIATIONS

ACRP

-

Advisory Committee on Radiological Protection of the Atomic
Energy Control Board

AECB

-

Atomic Energy Control Board

AECL

-

AECL Research (formerly Atomic Energy of Canada Limited
Research Company)

BEIR

-

Committee on the Biological Effects of Ionizing Radiations.
A scientific committee of the U.S. National Academy of
Sciences

cGy

-

centigray; this unit of radiation dose is numerically
identical to the pre-SI unit of exposure, the rad.

CRL

-

Chalk River Laboratories (formerly Chalk River Nuclear
Laboratories - CRNL)

DNA

-

deoxyribonucleic acid; this material is responsible for
directing life processes in living cells and for carrying the
hereditary information to daughter cells.

HUC

-

Health and Welfare Canada

ICRP

-

International Commission on Radiological Protection

LET

-

linear energy transfer

NIH

-

National Institute of Health (U.S.A.)

PNL

-

Pacific Northwest Laboratories

RBE

-

relative biological effectiveness; the RBE of an ionizing
radiation equals dose of reference X-rays (250 kVp) required
to produce a given biological effect divided by dose of the
test radiation required to produce the same effect.

Sv

-

Sievert - unit for measuring dose equivalent. 1 Sv equals
100 rem. The cSv is one-hundredth of a Sv, the mSv is onethousandth of a Sv and the uSv is one-millionth of a Sv.

UNSCEAR

-

United Nations Scientific Committee on the Effects of Atomic
Radiation

RERF

-

Radiation Effects Research Foundation of Japan
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TRIBUTE TO DR. DAVID K. MYERS
Workshop on the Genetic Effects of Ionizing Radiation
Ottawa, 1990 May 2

Presented by
Dr. Richard V. Osborne
Director, Health Sciences Division
AECL Research, Chalk River Laboratories
CHALK RIVER, Ontario, Canada

Mr. Chairman, Ladies and Gentlemen:

Dave Myers retires at the end of this month after a long career in
radiobiology. We, Dave, your colleagues, feel that on the occasion of
this workshop we would like to acknowledge your many contributions to the
biological science that underlies radiological protection.
Dave has over 160 papers and reports to his credit - a very
significant career achievement. He is an internationally-recognized
expert on risk estimates for the exposure of humans to ionizing
radiation. I doubt that there are many here who have not benefitted from
his wise counsel on new developments in radiological protection or have
sought his "reading" of, for example, BEIR, or UNSCEAR, or, most
recently, "ICRP 1990 draft".
David Myers, biochemist and physiologist, joined AECL's Chalk
River Nuclear Laboratories in 1957. One of his letters of recommendation
said that he "...gets through a great deal of work with apparently little
effort and has an enviable ability in organizing the work of others...".
That comment is just as true today. From the mid-seventies, Dave guided
the biological studies program at CRNL with a keen eye to balancing
empirical solutions to existing problems in radiological protection with
the development of new techniques that would be needed to answer
anticipated future questions.
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I will take the time to cite just one example of his recent
research - that on the RBE of tritium. His studies in the early eighties
on the acceleration of the appearance of mammary tumours in rats, and
more recently on the induction of myeloid leukaemia in mice, have
convincingly demonstrated the appropriateness of the choice of a quality
factor of one for tritium.
In 1989, he became Acting Director of Health Sciences at Chalk
River and now, in this period leading to his retirement, he continues as
Associate Director, leaving him time to continue his many other national
and international commitments. And there are many commitments. Dave is
a member of the AECB's Advisory Committee on Radiological Protection and
has been involved with three Working Groups - on radon, on the revised
risk estimates, and on the basic principles of radiation protection with the sub-committee on risk estimates, and with a number of review
panels. He is a member of the Joint Panel on Occupational and
Environmental Research for Uranium Mining in Canada and for the last ten
years he has been a scientific advisor to the Canadian delegation to
UNSCEAR.
Within AECL he has been widely involved in matters biological and
medical - for example, serving on committees for clinical isotope
applications, the employee health study, and the animal care committee.
Dave, we very much hope for your continued involvement in
radiological protection, nationally and internationally. I am hoping
that you will be able to advise us back at the laboratories from time to
time. Needless to say, your expertise will be very much missed.
When you obtained your Ph.D. at the University of Amsterdam, as a
capped and gowned Dr. Myers-to-be you were conducted through the city
streets in an open horse-drawn carriage to receive your degree. For this
particular milestone in your career, we do not have such a vehicle, but
we would like the proceedings of the workshop to be a scientific vehicle
for this tribute to the impressive contributions during your scientific
career.
Mr. Chairman, on behalf of my colleagues, I thank you for the
opportunity to make these remarks.
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OPENING ADDRESS
Workshop on the Genetic Effects of Ionizing Radiation
Ottawa, 1990 May 2

Presented by
Dr. Rene J.A. Levesque
President, Atomic Energy Control Board
OTTAWA, Ontario, Canada

Since the discovery of X-rays and radioactivity, considerable
effort has been expended to attempt to identify and quantify various
health effects of ionizing radiation in exposed populations. Initially,
this effort was largely directed towards the prevention of deterministic
effects of ionizing radiation, such as burns and lesions, because these
were the ones that were first observed in humans (among radiologists who
worked with X-rays). It was only later that stochastic effects of
radiation, such as cancer, were observed in humans and much effort has
since been devoted to the quantification of these stochastic risks.
However, unlike cancer and deterministic effects, statistically
significant genetic effects of ionizing radiation have not been observed
in human populations, including the bomb survivors of Hiroshima and
Nagasaki.
It is generally not possible to obtain radiobiological information
from human subjects under laboratory conditions. Therefore, in the
absence of human data, it is necessary to conduct animal studies, in the
laboratory, to obtain pertinent information regarding the genetic effects
of ionizing radiation, and then to extrapolate these findings to human
populations. One should recognize that there is always a problem in
extrapolating the results of animal studies to human populations. Of
course, when opportunities exist, we should invest in studies of the
genetic effects in human populations.
Although a recent study carried out by Gardner et al. of children
near the Sellafield nuclear fuel reprocessing facility has suggested a
possible association between paternal exposure to low doses of gamma
radiation and a high incidence of leukemia in children, more work is
needed to identify the cause of the observed excess of leukemia among the
children in the Sellafield area.
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With regard to the AECB study of childhood leukemia around five
Canadian nuclear facilities, the results of Phase I indicate that there
is no statistically significant excess of leukemia around these
facilities. Of particular interest is the apparent "excess" in the ratio
of observed-to-expected cases of childhood leukemia around the Bruce
Nuclear Power Development; in contrast to this is the apparent "deficit"
in the ratio, around the Chalk River Nuclear Facility. In both cases,
the "excess" and the "deficit" are not statistically different from
unity. We anticipate that the results from Phase II of this study will
confirm the Phase I results with improved accuracy. Despite these
findings, but in the light of the study of Gardner et al., the AECB is
likely to proceed wifh an investigation of the relation between paternal
exposure to ionizing radiation (both internal and external) and the
incidence of childhood leukemia among the offspring of these fathers, who
were employed at the nuclear facilities.
II is important to recognize that excess childhood leukemia has
also been observed in places far removed from nuclear facilities, which
points to the fact that ether, possibly non-radiogenic, causes of
childhood leukemia may exist. These causes have not been fully
investigated. In the same way, observations of birth defects and nonleukemia cancers in children have been made and attributed, solely and
withor*- scientific justification, to ionizing radiation.
Canada has been a leading member of the international scientific
community in supporting research in the area of genetic effects of
ionizing radiation. For example, the baseline study of genetic disorders
in the British Columbia population (both adults and children), undertaken
by Canadian scientists Dr. B.K. Trimble and Mr. J.H. Doughty, has been
used by the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) and by other scientific committees to derive risk
estimates for radiation-induced genetic disorders. I am proud to note
that the work of Dr. Trimble and Mr. Doughty, at the instigation of Dr.
H.B. Newcombe, was further updated by Drs. T.W. Anderson and P. Baird of
the University of British Columbia (assisted by Drs. R.B, Lowry and H.B.
Newcombe and the B.C. Ministry of Health) as an AECB-funded project. The
AECB is planning to continue the support of further genetic studies in
the coming years, since it is very important for us, as a regulator, to
understand better these phenomena.
Conducting research alone is not adequate to enhance our knowledge
of the genetic effects of ionizing radiation. It is important to convene
meetings of scientists, who are active in the field, to share their
experiences and knowledge. Such meetings or workshops might also provide
ideas and suggestions for conducting new research and for improving the
design of on-going studies. It is hoped that today's Workshop will
fulfill some of these objectives.
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The idea for hosting this Workshop was originally sufeg^sted by our
Advisory Committee on Radiological Protection, which is one of the two
scientific committees which provide independent advice to me as President
of the AECB. This idea was further developed by Dr. D.K. Myers of AECL's
Chalk River Nuclear Laboratories and by the AECB's Directorate of
Research and Safeguards, where it was transformed into reality. The
involvement of these three groups in co-sponsoring this Workshop is not
surprising, since these groups and others, such as the AECB's Radiation
Protection Division, have _xpended considerable effort in the past in
various projects associated with the assessment of the risks and effects
of ionizing radiation.
Two leading scientific committees dealing with the genetic effects
of ionizing radiation are the BEIR Committee of the U.S. National Academy
of Sciences and UNSCEAR. As you are aware, these two committees
periodically review the progress made in the field and produce reports
containing their recommendations. These reports are subsequently used by
the International Commission on Radiological Protection and by other
international organizations as the base for recommending occupational and
public dose limits. It is gratifying to note that two of the invited
speakers at this Workshop are geneticists from the UNSCEAR and BEIR
committees (Dr. Sankaranarayanan and Dr. Grahn, respectively).
As an aside, I take this opportunity to pay tribute to Dr. David
Myers on his forthcoming retirement from active service with AECL. Dr.
Myers has been helpful to the AECB, and to its staff, in a number of
ways: as a member of ACRP sub-committees; as a review panelist for a
number of research projects; and, more recently as a member of the ACRP.
Besides these activities, he has been a "national" resource for AECB
staff, who freely consult him on matters of scientific and regulatory
importance.
In conclusion, I hope that this Workshop, which has brought
together representatives from the UNSCEAR and BEIR committees, along with
U.S. and Canadian scientists, will help identify the current problems
associated with the assessment of genetic effects and suggest possible
areas of research which can be undertaken in the future to contribute to
a better understanding of the genetic effects of ionizing radiation.

-
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HOW HEALTHY OR SICK ARE WE, GENETICALLY SPEAKING?
K. Sankaranarayanan
MGC Department of Radiation Genetics & Chemical
Mutagenesis, Sylvius Laboratories, State University
of Leiden, Vassenaarsewg 72, 2333 AL Leiden
The Netherlands
Genetic diseases and associated detriment. Disease ±s a state of
ill-health which is the sum total of the numerous expressions of one or
more pathological processes. Nearly all diseases are to some extent
genetic and to some extent en"ironraental. Conventionally, diseases are
divided into three categories of entities, according to the role of
genetic factors: mendelian (including autosomal dominant, autosomal
recessive and X-linked ones), chromosomal and multifactorial.
The current consensus estimates for the natural prevalences are
about 100/104 livebirths for autosomal dominant and X-linked diseases,
25/104 for autosomal recessives and about 40/104 for those attributable
to constitutional chromosomal anomalies. A large proportion of recognized common autosomal dominant diseases have onset in adult life
while most recessives and chromosomal diseases have onset in infancy or
childhood.
Diseases referred to as multifactorial are interpreted as resulting
from the joint action of numerous genetic ("polygenic") and environmental factors, which can also be multiple. There are two groups of
these conditions. The first of these is comprised by what teratologists call "congenital abnormalities" (CAs) and the second, by common
diseases of adults. The prevalence of CAs is of the order of about 400500/104 livebirths. Aetiologically, these are heterogeneous: about 50%
are multifactorial, 6% are due to mutant genes, 5% due to chromosomal
anomalies, 6% due to environmental (including maternal) factors; for
the remainder (about 30%) the aetiology is unknown.
The other group of multifactorial diseases are the conditions of
adult life and are common. Clinically, some of these are severe (e.g.,
schizophrenia,
multiple
sclerosis,
epilepsy,
acute
myocardial
infarction, systemic lupus erythematosus), some are less severe (e.g.,
diabetes
mellitus,
affective
psychoses,
glaucoma,
essential
hypertension, asthma, peptic ulcers) and some are much less severe
(e.g., varicose veins, allergic rhinitis). The total prevalence of some
26 such entities has been estimated to be of the order of 6,500/104 for
the population of Hungary [Czeizel et al. Mut. Res 196, 259-292, 1988].
This is not a birth prevalence figure, but the number of diseases per
104 individuals over a lifespan of 70 years which means that some
individuals have more than one condition.
Estimates of prevalence alone are insufficient indicators of
genetic load if unrelated to severity (detriment) at the individual and
population levels since no two diseases can be considered equivalent.
In order to assess detriment, we used as indicators, years of life lost
(LL), potentially impaired (PIL) and actually impaired (AIL). For the
analysis, we used Hungarian data on CAs and other multifactorials and
compared the results with those made by Carter fcr mendelian and
chromosomal diseases. These comparisons are shown in Table 1.
It is
clear that the amount of detriment and the rank orders of the
different classes of diseases are different depending on the indicator

- 12 and the level (individual or population) chosen; (ii) CAs and other
multifactorial diseases are responsible for a considerable amount of
suffering far
excv.eding those due to chromosomal anomalies and
mendelian diseases and (iii) the total number of years of PIL for the
common multifactorial diseases — a.bout 96 000 years per 104 of the
population is undoubtedly staggering.
Table 1.

A comparison of the estimates of detriment for different
classes of genetic diseases.

Disease category
Mendelian
Chromosomal
CAs
Other multifact

P/10*
125
40
585
6541

LL

PIL

15.8
22.4
7.7
6.9

25.8
45.3
62.3
23.7

Total LL
Total PIL Total AIL
per 104 of the population
1975
896
4500
2730

3227
1812
36430
96227

1520
960
3900
5855

Current trends and future perspectives. The average life expectancy
of people in the developing and developed countries has been increasing
during the last several decades. As a result, in the coming decades,
diseases of old age will assume greater importance. For the US, it is
estimated that there will be about 35 million people who will be 65+ by
the year 2000 and that about 4 million people over that age may have
Alzheimer disease. More research will go into diseases of old age.
Stress and anxiety affect us all, to different degrees; chronic
stress activation can impair health (promote hypertension which in turn
can damage the heart, the blood vessels and kidneys) and there is
evidence from animal studies for diminished immune response and
increased
susceptibility
to
peptic
ulcers;
latent
genetic
predispositions affecting several multifactorial conditions may come to
expression as a result of stress. More work is likely to be carried
out in the area of stress physiology and the results are bound to have
implications for multifactorial diseases.
We are approaching the golden age of molecular medicine; research
using DNA methods have already unravelled the molecular basis of a
large number of mendelian diseases and much effort is underway to
understand multifactorial diseases.
Clear identification of the
controllable risk factors in the latter diseases is just as important
as gaining insights into their genetic basis and mechanisms of
maintenance in the population.
The Human Genome project recently launched in the US hopefully will
make major contributions to understanding growth, development and human
health and permit insights into the molecular biology of practically
all diseases which have a genetic basis, and offer new avenues for
therapy. All these may bring a number of moral and ethical issues to
the forefront.
Genetic engineering is an irresistable force and the
task ahead is to channel that force into directions that save lives and
preserve humanity's rich genetic heritage.

- 13 SUMMARY OF THE BEIR V COMMITTEE'S
ESTIMATES OF GENETIC RISKS

Dr. Douglas Grahn
Argonne National Laboratory
9700 South Cass Avenue
ARGONNE, Illinois 60439, U.S.A.

The Committee on the Biological Effects of Ionizing Radiations
(BEIR V) of the Board on Radiation Effects Research, Commission on Life
Sciences, National Research Council - U.S. National Academy of Sciences,
was constituted in late 1986. The charge to the Committee was "to
conduct a comprehensive review of the biological effects of ionizing
radiations focusing on information that had been reported since the
conclusion of the BEIR III (1980) study, and to the extent that available
information permitted, provide new estimates of the risks of genetic and
somatic effects in humans due to low-level exposures of ionizing
radiation". In other words, the BEIR V Committee was expected to do more
than simply update, or give its stamp of approval to, those risk
estimates put forth by its predecessors. There were two prominent
reasons for the charge. One, the dosimetry of the two nuclear weapons
detonated in Japan in early August, 1945 had been revised with major
changes occurring in Hiroshima. Two, an additional ten or more years of
mortality data from the Japanese studies had become available. While the
importance of these points to the estimation of somatic risks is evident,
there was also significant additional data available from the genetic
studies. Therefore, this Committee placed more emphasis on the results
of those genetic studies than previous committees had done. We did,
however, carry out an extensive review of the data from animal studies in
order to provide as broad a basis as possible for our judgements.
The BEIR V Committee reviewed and incorporated into the report all
past and present genetic risk estimates and the methods of their
derivation. Of the two principal methods available, we preferred the
doubling-dose method over the so-called direct method. Neither method is
without considerable uncertainty, but the analysis of data from the
studies in Japan in conjunction with the data from animal studies led us
to prefer the doubling-dose method. The animal data provide a broad
range of doubling doses with a median value of 100 to 114 cGy for longterm low-dose-rate exposure. These median values are lower than the
median from human studies, but they approximate the lower 95£ confidence
limit of the doubling dose estimated from human data. There appears to
be a real difference between humans and animals (read mice, because
nearly all information is from inbred mouse strains or their Fx hybrids),
with humans having the higher doubling dose. The BEIR V Committee
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believed that a doubling dose of 100 cGy would be a prudent value leading
to conservative estimates, that is, risk estimates that are probably on
the high side.
The estimated risks themselves are not remarkably different from
those generated by previous BEIR committees, the United nations
Scientific Committee, and other published estimates. This should come as
no surprise to those familiar with the problems of genetic risk analysis.
Everyone has to use the same data base, and any strikingly different
estimate cf risks would probably be put aside as "unsound". The
differences that do emerge reflect differences in emphasis and judgement,
and these do not involve major departures from present understandings of
mammalian genetics.
With respect to the spontaneous burden, which is subject to the
doubling dose, the BEIR V Committee has made one small departure from
others. We have proposed that a large number of small genetic factors
influence nearly all the major causes of morbidity and mortality in the
human population. In sum, we account for about 1.24 x 106 genetically
influenced events in a population of 1 x 10€. However, no estimate was
made of the contribution thai new mutations might have upon the vast
majority of these events. There is no reasonable basis to estimate
quantitatively the contribution of an increased mutation rate on the
1.2 x 106 zases of morbidity and/or mortality from cancer, heart disease,
or other major afflictions listed as part of the current incidence. The
risk estimates, therefore, reflect only those increases expected to occur
in dominant, recessive, sex-linked and chromosomal disorders, plus a
limited number of congenital abnormalities. Up to one half of the
induced genetic increment occurs as dominant genetic defects, initially
(first generations) in the category of clinically severe defects and
ultimately in the class of clinically mild defects. Congenital
abnormalities account for most of the remainder. The estimates given in
Table 2-1 of the report are shown in Slide 6.
The BEIR V Committee estimates that between 100 and 200 added
cases per million live born will be observed at genetic equilibrium if
the population is exposed each generation to a dose of 0.01 Sv (10 mSv or
1 rem). Nearly one half are attributed to the clinically mild dominant
defects and the balance to congenital abnormalities. The estimate range
of 100 to 200 encompasses the value of 115 recently given by UNSCEAR.
BEIR III estimated a range of 60 to 1100, but this wide range was due to
the assumptions: (1) that the mutation component for the 90 000
spontaneously occurring irregularly inherited defects was 5% to 50%; and
(2) that the doubling dose ranged between 50 and 250 rem. BEIR V assumed
a 5% to 35% component for no more than 30 000 abnormalities and a
doubling dose of 100 rem. We note, however, that the upper limit risk
estimate might be much greater than the values given if it were possible
to quantify the mutational component, no matter how small, of the
overwhelming number of degenerative and neoplastic diseases in the
population.

General Principles (inherited from BEIR-I)
• Use relevant data from all sources, but
emphasize human data when feasible.
•

Use data from the lowest doses and dose
rates for which reliable data exist.

•

Use simple linear extrapolation between the
lowest reliable dose data and the spontaneous rate.

•

If cell stages differ in sensitivity, weight the
data in accordance with the duration of the stage.

•

If the sexes differ in sensitivity, use the
unweighted average of data for the two sexes.

I

Chapter 2, p69
— Attempts to estimate doubling doses from
data on Japanese survivors have consistently
led to values larger than those from animal
data.
— The data suggest a real difference, with
\
:
the estimated lower 95% confidence limit of
the human data approximating the median of
a large number of values obtained in mice.
— The committee has adopted what it considers
a prudent position in basing its risk estimates
on the approximate lower 95% confidence limit
for humans.

ON

Chapter 2, p68
~ The BEIR V committee believes that
the doubling dose in humans is not likely
to be smaller than the approximate 1 Sv
(100 rem) obtained from studies in mice.

Chapter 2. p71
The Doubling Dose Method
O3

1

Induced burden = spontaneous burden x (doubling dose)'
x mutation component x dose

Estimated Spontaneous Burden (per 1000 live births)
(excerpts from Table 2-5, p 91)
Other
Multifact.

X-link.

Rec.

St (1959)

30.7

0.2

BEIR-I (1972)

10.0

0.4

1.0
1.5

5.0

1.1

2.0

1.1

6.0

2.5

6.3

60.0

600.0

2.5

4.4

20-30

1200.0

0.8

_ 0.4,

iao

BEIR-lll (1980)
UN (1986)
BEIR-V (1990)

10.0

0.4

10.3

10.1
15.0
42.8

25.0
47.3.
c

de 5.

Dom.

Tr (1974)

Chrom.

Congen.
abn.

Source

i
!-•
vO
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TABLE 2-1 Estimated Genetic Effects of 1 rem (0.01 Sv)
per generation
Added cases/106liveborn/rem/generation
Type of
disorder

Current
incidenca/IO"

1 st generation

Equilibrium

2500
7500
400
2500

5-20

25

1-15

75

<1

<5

<1

very slow increase

600
3800
20,000-30.000

<5

very little increase

<1

<1

10

10-100

no estimate

no estimate

Dominant
Severe
Mild
X-linked
Recessive
Chromosomal
Unbal. x-loc.
Trisomies
Congen. abn.
Other
Heart

800.000^

Cancer

300,000

Other

300.000 ,

£
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GENETIC RISKS OF IONIZING RADIATION: 1988 UNSCEAR
ESTIMATES AND FUTURE PERSPECTIVES
K. Sankaranarayanan
MGC Department of Radiation Genetics & Chemical
Mutagenesis, Sylvius Laboratories, State University
of Leiden, Wassenaarseweg 72, 2333 AL Lef^en,
The Netherlands
Introduction. The estimation of genetic risks of exposure of human
populations to ionizing radiation has been an on-going scientific
activity since the mid-1950s. UNSCEAR has published a number of reports
on this subject, the most recent one being that published in 1988.
In the context of radiation genetic risk estimation, what is of
interest is the risk of genetic disease in man at low doses and low
dose-rates of radiation. The data used for this purpose are those on
induced mutations and chromosomal aberrations collected predominantly
in mouse studies carried out using high doses of radiation delivered at
high dose rates. The gap between species and between mutation data in
animals and risk of genetic disease in man is bridged using a number
of assumptions
and correction
factors. Extrapolation inevitably
involves a number of uncertainties and their nature and magnitude are
dependent on the strengths and weaknesses of the data used and the
assumptions made.
Methods. Quantitative genetic risk estimation is made using two
methods, namely, the direct method and the doubling dose method. With
the first, the rates of induction of mutations and of chromosomal
aberrations are "directly11 converted into risk of genetic disease in
the first generation progeny of an irradiated population. The data for
this come from experiments on the induction of dominant skeletal and
dominant cataract mutations in mice and of reciprocal translocations in
primate species. The doubling dose method is used to estimate risks to
a population under continuous irradiation. The doubling dose (DD) is
the amount of radiation necessary to produce as many mutations as those
that occur naturally in a generation and is obtained as a ratio of
spontaneous rate and rate of induction by unit dose. The reciprocal of
the DD is the relative mutation risk (RMR).
The DD method is used to estimate risk to a population under
continuous irradiation and is based on the following equation:
Risk per unit dose = Natural prevalence of genetic diseases in the
human population x RMR
The quantity so estimated is the risk at equilibrium; the risk to the
first generation progeny is estimated from that at equlibrium using
certain assumptions.
The DD that is currently used is 1 Gy, for low LET, low dose, low
dose-rate irradiation and is based on mouse data. The prevalence data
are from human epidemiological studies. Estimates of risk obtained
using the two methods are given in Tables 1 and 2. As can be seen, the
estimate for the first generation, obtained using the direct method is
nearly the same as that obtained using the DD method. Also note that,
with the DD method, no risk estimate is provided for multifactorial
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diseases. The risk estimates of BEIR V, obtained using the DD method
(and a DD of 1 Gy) are nearly the same except that this Committee has
also presented estimates of risk for one sub-class of multifactorial
diseases, namely,, congenital abnormalities.
Table 1. 1988 UNSCEAR estimates of genetic risk: direct method
Risk per 106 progeny/10"2 Gy
following irradiation of
_
Males
Females
Induced mutations with dominant effects
10-20
0-9
Unbalanced products of induced translocations 1-15
0^15
Risk associated with

Table 2. 1988 UNSCEAR estimates of genetic risk: doubling dose method
Prevalence Effect of 0.01 Gy/generation
Disease classification
per 106
1st generation Equilibrium
Autosomal dominant & X-linked 10000
15
100
Autosomal recessive
2500
Wo increase
15
Chr. diseases due to struc.
400
2.4
4
anomalies
Perspectives.
Biochemical and molecular studies of gene mutations
that lead to disease in man and of analysis of radiation-induced
mutations in mammalian experimental systems permit some conclusions
which are relevant in the context of risk estimation. The main
conclusions from these studies are the following: 1. The phenotypic
effects of a gene mutation (dominant or recessive) depend on the gene
and its function. 2. For mutations in genes that lead to recessives, a
wide array of molecular changes is possible; for dominants, this array
is limited. 3. At the molecular level, approximately 50% of spontaneous
mutations in genes that lead to diseases are due to DNA deletions, the
remainder due to point mutations (PMs). 4. The mutational sites in
genes may not be randomly distributed and this is true of deletions as
well. 5.
A significant proportion of spontaneous point mutations and
deletions can be explained on the basis of known mechanisms. 6. Most
radiation-induced mutations in mouse in vivo systems and in mammalian
somatic cells in vitro are DNA deletions and 7. At gene loci in which
only PMs will be compatible with survival, radiation is "ineffective"
in inducing mutations.
If most of the radiation-induced mutations are deletions (and only
about one-half of those arising spontaneously in man are of this
type), the prevalence figure used in the risk equation (doubling dose
method; see above) may need to be revised downwards which means that
the risk will be lower. Further, the DD of 1 Gy used in risk estimation
is based on mouse data, predominantly those fcr recessive specific
locus mutations at non-essential loci. Considering the wide variety of
molecular changes that can lead to recessive mutations, the restricted
array of changes that lead to dominant phenotypes, it would seem that
the use of the DD of 1 Gy may overestimate the risk of dominant
genetic disease in man.
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AN ESTIMATE OF THE DOUBLING DOSE OF IONIZING
RADIATION FOR HUMANS
James V. Neel
Department of Human Genetics
University of Michigan Medical School
Ann Arbor, Michigan

48109-0618

Since 1946 a continuing program investigating the potential
genetic effects of the atomic bombs detonated over Hiroshima and
Nagasaki has been in effect.
This is a joint United States-Japan
program, the U.S. side under the aegis of the National Academy of
Sciences, funded by the Department of Energy, the Japanese side under
the Ministry of Health and Welfare. Over the years, the program has
involved studying the children of survivors receiving increased
radiation at the time of the bombings and the children of non-irradiated
controls with respect to the following indicators:
congenital
malformation, sex ratio, viability at birth, survival of live-born
infants, physical development at various ages, occurrence of balanced
reciprocal chromosomal translocations and sex-chromosome aneuploids in
children over age 12, cancer with onset before age 20, and mutations
altering the electrophoretic mobility and physiological activity of a
series of 30 proteins. My associates and I have recently analyzed all
the accumulated data for a radiation effect, employing the revised
procedures for estimating gonadal radiation exposures which became
effective in 1986 (DS86) (cf. Neel et al. , in press).
The basic
statistical procedure employed has been to obtain a linear regression of
indicator on the combined gonadal exposures of the parents.
There is no statistically significant regression of indicator on
dose for any of the indicators. In view of the large body of data on
the induction of mutations by ionizing radiation in a wide array of
plants and animals, we accept that some mutations were produced in the
survivors of the bombings. On the thesis that we are in an estimating
rather than hypothesis testing mode, we have elected to take the data at
face value and explore their implications for the genetic doubling dose
of radiation for humans. The genetic doubling dose is defined as the
amount of acute or chronic ionizing radiation which will have a
mutational impact on a population equivalent to the role of spontaneous
mutations each generation.

Table 1 summarizes the results of the various analyses. The term
UPO refers to an "untoward pregnancy outcome," defined as a stillbirth
and/or congen tal defect and/or neonatal death. The regressions on dose
of the five indicators where such regressions can be derived are given
in columns 2 and 3.
For UPOs, F-^ mortality, and F-^ cancer, only a
minority of the children affected can be attributed to spontaneous
mutation in the parental generation.
The total incidence in the
controls, the estimated contribution from spontaneous parental mutation,
and the percent of the total the latter constitutes, are given in
columns 4, 5, and 6.
For sex-chromosome aneuploids and protein
variants, the ntutntional contribution has been determined directly by
family studies.
From these data, two kinds of doubling doses can be
derived, "minimal" and "probable." The minimal doubling dose for the
various indicators, at 99%, 95%, and 90% probability levels, are
presented in the last three columns of Table 1. Inasmuch as the various
indicators are all essentially independent of one another but derived
from the same study population, both the regression and the mutational
contributions to the indicators can be combined additively to yield an
estimate of the probable doubling dose. The calculation of a doubling
dose by this approach is shown in Table 2. The division of the summed
contributions of spontaneous parental mutation (.00632-.00835) by the
summed regressions (.00375) yields an estimate of 1.7-2.2 Sv.
(The
range indicates the uncertainty in the estimate of the parental
mutational contribution to the indicator but does not include the
considerable statistical error of estimate.) For technical reasons, the
data on sex-ratio, physical development, and reciprocal chromosomal
tre.nslocations do not enter into this calculation, but these indicators
also do not show an exposure effect.
Since most human radiation exposures are low level, chronic or
intermittent, low-LET in nature, it is important to develop a chronic
radiation equivalent for these findings.
The average joint parental
gonad exposures for those receiving significant amounts of radiation are
. 4 - .5 Sv, depending on the particular study; the dose curve is highly
skewed to the right. Under these circumstances, we feel the appropriate
dose rate factor to be applied in extrapolating to the effect of chronic
radiation is 2. This leads to a doubling dose estimate for the chronic
irradiation of humans of between 3.4 and 4.5 Sv.
The error to be
attached to this estimate is large but indeterminate, but the estimate
is based on conservative assumptions.
This estimate is at some variance with the estimates of the
genetic risks of human exposures to ionizing radiation which have
prevailed over the past 30 years on the basis of extrapolations from the
mouse paradigm.
Thus, various national and international committees
have suggested that the doubling dose for acute ionizing radiation is
some .40 Gy, with limits of .10 to 1.0, and for chronic, between .5 and
2.5 Gy.
We have recently completed a review of all the relevant
literature on mice (Neel & Lewis, in press).
There are many
difficulties in comparing survival curves in the offspring of the

Table 1.

An estimate

of the genetic doubling doses

that can

be excluded

at specified

confidence

levels by these data.
Regression

Observed
Total

Trait

BSV

a

Background
(a)

UPO

0.00264

0.03856

+0.00277

+0.00582

0.00076

0.06346

±0.00154

+0.00181

-0.00008

0.00104

±0.00028

±0.00033

Sex-chromosome

0.00044

0.00252

aneuploids

±0.00069

±0.00043

-o.ooooi

o.ooooi

±0.00001

±0.00001

F-L Mortality

F x Cancer

Protein
variants

*per diploid locus

0.0502

Mutational

Hutational

Contribution

Component

Background*

95%

90%

(b)
0.0017 -

3.4 - 5.4

0.0016 -

3.5 - 5.7

0.0026

0.0012

99%

(%, b r a)

0.0027

0.0458

Lower confidence limit (Sv)

0.00302 -

2.0 - 4.0

0.00005

0.14 -

0.18 -

0.21 -

0.23

0.29

0.33

0.51 -

0.68 -

0.81 -

0.83

1.10

1.32

0.04 -

0.05 -

0.07 -

0.07

0.11

0.15

0.0030

0.0030

100

1.23

1.60

1.91

0.000013

0.000013

100

0.99

2.27

7.41
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Summary of regression of various

indicators on parental

radiation exposure and of impact of spontaneous mutation on
indicator.

Trait

Regression/Combined

Contribution of

Parental Sv

Spontaneous Mutation

UPO

+.00264

Fj_ mortality

+.00076

Protein mutations

-.00001

Sex-chromosome aneuploids

+.00044

.0030

F L cancer

-.00008

.00002-.00005

.00375

.00632-.00835

[

.0033-.0053

polytocous mouse with those for humans. Furthermore, the contribution
of spontaneous mutation in the parental generation of mice to congenital
malformation and cancer in their offspring has not been elucidated, so
that estimates of the doubling dose cannot be based on these traits.
One is reduced to the use of specific phenotype-specific locus methods.
The findings from the eight studies of this type thus far published are
summarized in Table 3.
The average of these estimates is 1.35 Gy.
Given the relatively large experimental doses employed in the mouse
experiments (usually 3.0, 6.0, or 10.0 Gy), it would be conservative to
use a dose rate factor of 3 for extrapolation to the effects of chronic
radiation. The resulting estimate is about 4.0 Gy -- again with a large
but indeterminate error. I suggest that the lower estimates of the past
stem particularly from reliance on the Russell 7-locus system, which
there is now reason to suspect is unusually sensitive to the mutagenic
effects of ionizing radiation.
The steps which might be taken to firm up the estimate on humans
will be discussed briefly.
REFERENCES
Neel, J.V., and Lewis, S.E.
The comparative radiation genetics of
humans and mice. Ann. Rev. Genet., in press.
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Estimates of the genetic doubling dose of radiation ior humans.
Am. J. Hum. Genet., in press.

Table 3.

A summary of the gametic doubling doses for acute, "high dose" radiation of spermatogonia
yielded

by the

various

specific

locus/specific

phenotype

systems

developed

in

the

laboratory mouse.
System

Data summarized

Doubling

in:

1. Russell 7-locus

Calculated

by:

Dose (Gy)

Searle, 1974

.44

Neel & Lewis,

Ehling et al, 1965
2. Dominant visibles

Liining 4 Searle,

Favor, 1989

4. Skeletal

Ehling, 1966

treated males

101 x C3H

in press
.16

Liining &

1974
3. Dominant cataract

Origin of

various

Searle, 1971
1.57

.26

malformations

Neel & Lewis,
in press

101/El X C3H/E1

Liining 4

101

Searle, 1971
I

5. Histocompatibility
loci
6. Recessive lethals

Bailey 4 Kohn,

>2.60

1965
Sheridan & Wardell,

.5l\

•80 >

I

et al, 1964

4.00 j

Lyon, 1959;
Searle, 1964

8. Recessive visibles

Luning &

)

Lyon, 1959; Lyon

for proteins

C57BL/6JN

1965

1968

7. Loci encoding

Bailey 4 Kohn,

DBA

Searle, 1971
1.77

Bailey &

C3H/HeH x 101/H

Kohn, 1965
Bailey &

CBA, C3H

Kohn, 1965
.11

Neel & Lewis,
in press

Neel & Lowis,

various

in press

Lyon et al, 1964

3.89

Heel & Lewis,
in press

Av.

1.3 5

C3H/HeH x 101/H
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- 31 POSSIBLE INDIVIDUAL VARIATION IN
SUSCEPTIBILITY TO RADIATION-INDUCED GENETIC CHANGES
N.E. Centner arid J-A. Walker
Radiation Biology Branch
AECL Research, Chalk River Laboratories
CHALK RIVER, Ontario KOJ 1J0, Canada

The genetic causation of neoplasia is supported by studies on
genetic and cytogenetic specificity in neoplasms [1, 2], and on
predisposition to cancer in persons exhibiting the "spontaneous
chromosome breakage" syndromes, such as Bloom syndrome [3], the model
ionizing radiation hypersensitive disorder ataxia-telangiectasia (4], and
Fanconi anemia [5]. These model, disorders have linked high incidence of
cancer to end-points such as hypeimutability or abnormal sensitivity to
the cytotoxic action of mutagens/carninogens. While identifiable
syndromes are too infrequent to contribute appreciably to variations
within the populatic-n-at-large, they have demonstrated the utility of
these endpoints as indicators of susceptibility. The variation we wish
to discuss occurs in clinically normal persons. Examples are:

(1)
Hsu and co-workers [6J studied differential sensitivity to the
JadJomimetic antibiotic bleomycin in lymphocytes from tvo cohorts: 100
normal healthy individuals and 75 cancer patients. Cultures vere set up
according to a standard protocol and treated with bleomycin 30 ug/ml for
five hours prior to harvesting for metaphase spreads. In the karyotypic
analysis each chromatid break was recorded as one break, each chromatid
<-••:-hair:** was recorded as tvo breaks and chromatid gaps or attenuated
-were disregarded.
Figure 1 is the distribution of bleomycin-induced breaks per cell
(b'c) from the tvo groups of study subjects. The mean chromatid breakage
rate, ranged move than 20-fold, from 0.10->2.00. These variations were
deemed due to differences in repair capacity. Among normal control
individuals nearly 60? showed a mean b/c in the range of 0.20-0.60 and
only 12?-' showed a mean b/c above 1.00. In contrast, 60% of the cancer
patients demonstrated a mean b/c greater than 1.00. The data suggest a
clear difference in response to bleomycin-induced damage between healthy
people and cancer patients. "Thus, in an environment with a high mutagen
content, hypersensitive (susceptible) individuals may acquire more
mutations and more chromosomal damage than the resistant ones and are
more likely to develop cancer" [7].
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Figure 1. Distribution of bleomycin-induced breakage rates.
(Note: Data plotted from results of Hsu et al. 1985, Table 1)
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Inter-individual variation has been shown by Hall and Wells [8]
for spontaneous and induced micronuclei frequencies in human lymphocytes.
Employing a limited sample of eight individuals aged between 23 and 57
years and the cytokinesis-blocked micronucleus technique adapted from
Fenech and Morley [9] the incidence of micronuclei in unirradiated
control lymphocyte cultures and beta irradiated lymphocyte cultures was
determined. A wide variation in dose-response was evident as depicted in
Figure 2.

(3)
In order to examine: the range and extent of variation in
radioresponse of a large population, N.E. Gentner and D.P. Morrison
developed and implemented an iji vitro "growback" assay. The "growback"
assay measures cytotoxic response of lymphoblastoid cell lines (LCLs) to
a chronic dose of Co-60 gamma-rays. Chronic dose delivery (0.003 Gy.min,
22-hour total exposure time) was used to maximize the opportunity for
repair competence to contribute to a survival advantage. The
radioresponse of an LCL is described by a "growback ratio" (GBR) which is
the ratio of the slope of the exponential portion of the regrowth curve
for unirradiated cells to the slope of the exponential portion of the
regrowth curve for irradiated cells. A low GBR indicates
radiosensitivity and conversely a high GBR indicates radioresistance.
LCLs from donors with disorders associated with abnormal
radiosensitivity such as ataxia-telangiectasia, Fanconi anemia, Bloom
syndrome and systemic lupus erythematosis ([10] and unpublished results)
have low GBRs. LCLs from donors with genetic syndromes associated with
hypersensitivity to carcinogenic agents other than ionizing radiation
such as xeroderma pigmentosum and Tay syndrome have high GBRs [10].
The frequency distribution of GBRs for 180 ostensibly normal
lines* is shown in Figure 3. The range of variation represented by these
strains appears to cover the equivalent of a five-fold range of dose.
Six percent or more of strains showed significant hypersensitivity; ten
percent showed enhanced radioresistance.

(4)
Kakati and co-workers 1985 [11], found that "the production of
radiation-induced chromosomal damage varies from person to person and in
the same person at different times". Blood samples were obtained from
three donors. After exposure in Go to 0, 150 and 300 rads, standard
lymphocyte cultures were set up. Dicentrics (DC) and acentric fragments
(AC) were counted in Ml (first mitosis) metaphase spreads only, using
sister chromatid differentiation to discriminate between Ml and second
mitotic division spreads. At the highest dose, the number of DC differed
significantly from individual to individual (individuals A and B,
p = 0.01; A and C, p = 0.005; B and C, p = 0.005). Individual A

*Cell lines obtained from Chalk River Laboratory cell repository.
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Figure 2.
(Note:
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DOSE (Gy)

Dose response of micronuclei induction in
CB cells from eight individuals.
Data replotted from results of Hall & Wells,
1988 paper, Table 1)
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Figure 3.

Distribution of radioresponse for 180 CR strains.
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donated thre^ more blood samples over the course of a year. Each sample
was exposed to 300R and enumerated for DC and AC. The results vere
varied. For DC the incidence varied from 10% to 32% (coefficient of
variation = 0.539) and the incidence of AC varied from 15% to 40%
(coefficient of variation - 0.543). These results demonstrate not only
inter-individual variation but intra-individual variation in
radiosensitivity as well.

(5)
Langlois, Jensen and co-vorkers at Lawrence Livermore National
Laboratory, and Akiyama and co-workers at Radiation Effects Research
Foundation (Hiroshima), examined somatic mutations at the glycophorin A
locus in erythrocytes of A-bomb survivors [12]. Using blood samples from
persons who were heterozygous for MN blood type, the frequencies for
hemizygous "loss of gene expression" variants (M<t> or N4> phenotypes, from
mutations or deletions) and hornozygous variants (MM or NN, which likely
arise by somatic recombination or chromosome mis-segregation) vere found
to be elevated compared to controls. But at any dose level, marked
inter-individual variation was apparent. These "radiation-induced
mutations must be stably integrated in the long-lived hemopoietic stem
cells of A-bomb survivors". The average induced rates (using bone marrow
dose estimates from the DS86 system) were about 0.4 x 10~4.Gy~1 for
hemizygosity and about 0.2 x 10"1 for homozygosity. This latter
i'.Jicates that somatic recombination may be a factor in radiation-induced
oncogenesis in A-bomb survivors.
We conclude that:
(a)

A person could have a high level of cytogenetic "indicator"
because of high exposure or high susceptibility. So the use
of spontaneous cytogenetic end-points may not be appropriate
as biological indicators of absorbed dose per se, but they
may well be highly suitable for evaluating the expected level
of consequence. To relate such end-points to dose (and to a
particular agent), it is advisable to have a measure of both
the spontaneous? level and of induced susceptibility.

(b)

These end-points need to be compared in irradiated persons
who have developed cancer versus those vho have not, as a
guide to what end-points are appropriate for susceptibility
to radiogenic

(c)

The use of inbred rodent strains (in which all individuals
are similar) may not be appropriate to derive specific locus
mutation data which is relevant to the human situation, in
which large differences in susceptibility appear to exist.

(d)

Variability in response because of differential DNA repair
capacity should be kept in mind when evaluating existing
human data.
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(e)

For the accident situation, using acute exposures for testing
susceptibility may be appropriate. But to be relevant to low
dose, low dose rate exposures, more use of protracted dose
delivery in testing for "susceptibility" is highly
recommended.

(f)

There is an urgent need for an international collaborative
study where these different tests are done on the same donors
at the same time.

(g)

And, as the AECL-CEC International Workshop on Methods for
Determining Differential Radiosensitivity in Humans
(Brighton, UK, September 1988) concluded, it might now "be
prudent also [for radiation protection] to take into account
the occurrence of critical groups in the population on the
basis of their increased radiation sensitivity".
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- 41 DISCUSSIONS

DISCUSSION AFTER DR. K. SANKARANARAYANAN'S FIRST
PRESENTATION:
Lentle:
That was a very fine introduction to our workshop and sets the
stage for a lot of discussions during the day. Thank you very much.

DISCUSSION AFTER DR. D. GRAHN'S PRESENTATION:
Glickman;
I had a question on your comment about differences in
sensitivity of mice and people. How much difference might there be? Why
do these possible differences exist? Also could you break down
sensitivity for say point mutations and chromosomal or other kinds of
factors that are built into the sensitivity issue?
Grahn:
Probably some of those questions will be addressed by Dr. Neel
and I won't try to anticipate what he will say. One major point to make
is that there may not be any difference at all. When you get down to it,
DNA is DNA. The difference may be the basis upon which genetic risks
were derived in the mouse. How representative are the loci and endpoint?
that were studied in the mouse, not only for the human data that are
available but for the mouse itself? They may be an unusual subset of the
total genetic information available in the mouse. You will see in the
BEIR V report that there are quite significant differences among the loci
that have been studied in the mouse and also among different tester
stocks used for these studies. The main body of data that we drew upon
was from the Oak Ridge National Laboratory and these tend to weight
heavily the estimates. These estimates may be too high. Other than
that, there can be arguments with respect to chromosome number, and the
fact that all mouse chromosomes are acrocentric while most human
chromosomes are metacentric or nearly so. They will have different
cytogenetic behaviour in terms of restitution of broken ends etc. after
irradiation. Dr. Neel has some other good points to make and I don't
want to address these for him.
Haynes:
I am always interested in errors. The induced burden which you
gave is the product of a number of factors. In the latest BEIR V report,
do you put error bars on the induced burdens? I would assume that these
error bars would be quite large since a variety of numbers, each with
their own errors, are being multiplied.
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Grahn:
Not really. The report refers to papers that try to deal with
this on rather sophisticated statistical bases. We were charged as a
committee to place uncertainties on our risk estimatec. The somatic
effects people were better able to do that because they could use good
mathematical modelling procedures. We still have to use old methods
which rely on results from several species. We don't really have good
estimates of errors on the numbers that I showed you, unfortunately.
Haynes:
Since I have not been directly involved in committees that make
these estimates, I have always wondered why this idea of doubling dose
was used historically, as opposed to a more conservative estimate based
on dose required to produce one standard deviation in spontaneous
background. Rather than talk about the doubling dcse that would double
the spontaneous background, one might emphasize variations in background.
Grahn:
I agree with you. It is an engineering approach to move by
sequences of standard deviations. That's the way one builds rockets by
moving down, say, three standard deviations; in that way you can
maintain better control. The difficulty in genetics is that the total
spontaneous burden does not have a good error estimate. For individual
mutations in dominant genes, there would be error estimates. But we have
no good estimate of the standard error of the total spontaneous burden.
I think the following speakers will have things to say about doubling the
dose concept and perhaps we could return to this idea later if you wish.
Raaphorst (Ottawa Regional Cancer Centre):
In calculating risks from
different kinds of radiations and in calculating double dose, to what
extent has variance in Q factors been considered?
Grahn:
The genetic risk estimates are based on low LET radiation, the
equivalent of say cobalt-60 gamma rays, and on low dose rate exposures.
We fearlessly used dose rate factors based on experimental data. The
somatic effects people, for whatever reason, get nervous about dose rate
factors. The genetic numbers have a minimum dose rate factor of three
based on the specific locus tests or as much as a factor of 10 derived
from good studies with cytogenetic endpoints. There are very good dose
rate data for a lot of genetic endpoints. For application of these risk
values to high LET radiations, you use the Q factor that is currently
recommended by whomever your regulatory body is. As you know, there are
some disagreements about the value of Q for neutrons. The standard Q for
neutrons is still 10; persons like myself would say 20 and there are
recommendations to go to 25 for very low doses of fission neutrons in the
0.2 to 1 MeV energy range. You apply these Q values after having
estimated genetic risks for low LET radiation. You can do that using
simple linear assumptions for low LET, low dose rate and low total dose.

Heddle:
I would like to ask about selection coefficients. Normally
geneticists talk about selection coefficients in terms of transmission
from an individual who carries the gene in every cell of their body on to
the next generation. Of course it is different for a sperm or egg which
has been affectrH, whose phenotype may never have had an opportunity to
see expression of that mutant gene. How do you correct for that in the
use of the selection coefficients applied to you data?
Grahn:

Do you mean gametic selection?

Heddle: Normally the selection coefficients involve gametic selection
but also the probability of mating in the first place, probability of
producing sperm, and so on. The selection factor for a congenital
abnormality or dominant disorder in an individual whose every cell
contains the mutation could be quite different from that for a sperm in
many cases.
Grahn:
We did not integrate gametic selection into the risks, in the
sense of the probability of any particular stem cell clone not producing
and equal number of germ cells as compared to all other clones in the
male gonad. We know there are differences of that kind. Rather we
emphasized the probability that a given gene would not succeed in
reproducing itself. Somewhere between birth and reproductive age, it
fails and stops at that first generation. That is to say, some genetic
defects present at birth would have an 80 percent probability of failing
to reproduce themselves in that first generation; other less severe
defects would have only a one percent probability of failing in the first
generation. The critical factor is to look at the gene that has survived
through all the successive hurdles through conception and then to birth.
Now we start counting this gene as part of the denominator. The
selection coefficient is applied to the first generation that has arrived
at term. If it was selected out at some earlier stage in the germ line,
we have lost it and did not know that it was there. Have I answered your
question?
Neel:
A selection coefficient in the first generation is unnecessary if
you are simple counting the additional cases of genetic disease induced
by exposure to radiation. Many calculations are very wary of going
beyond the first generation because we understand selection coefficients
so poorly.
Grahn:
We are using a hybrid concept from both animal breeding genetics
and human genetics.
Heddle:
I am not certain whether we really got this settled. The
question is if you apply the section coefficient to the induced mutation
rate and look at the effect in the first generation, this is quite
different than looking at the probability that a given gene will make it
to the next generation once an individual is affected.
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Grahn:
Given the individual is present in the first generation, what is
the probability of that individual reproducing into the next generation?
That is essentially what we are saying. One can ask, for example, does
the mutation fail to get into the next generation because the individual
dies in the neonatal period?

DISCUSSION AFTER DR. K. SANKARANARAYANAN'S SECOND
PRESENTATION:
Unknown (possibly Haynes):
What is the current status of suggestions
that mobile genetic elements might exist in the human cell? Is there any
evidence that ionizing radiation can induce transposition of these
elements?
Sankaranarayanan;
My position on the role of mobile elements in human
disease has not changed much over the past two or three years. There is
increasing evidence of association between mobile genetic elements and
some spontaneously occurring diseases in humans; some diseases. The
latest evidence concerns the factor eight and factor nine gene in
haemophilia. But it is hard to generalise from this. The only good
evidence for radiation-induced mobility of these transposable elements
comes from experiments with lower organisms and not with any mammalian
cell systems. At present it cannot be fitted into the equation on
genetic risks so we could say this proportion is due to mobile genetic
elements. One could take the opposite viewpoint. If only a small
proportion of naturally occurring genetic disease in humans can be due to
mobile genetic elements, then I don't think it can be a major factor in
the risk equation.
Trivedi (Chalk River):
Can you comment on the new British study on
parental exposures at Sellafield?
Sankaranarayanan:
The Sellafield study has been discussed all over the
world. I have a few points to make and Dr. Neel may have others later,
the weight of our knowledge about leukemias suggests that it is not a
highly heritable disease. Leukemia is not one of those diseases which
run in families. Second, the Japanese data have clearly shown what
leukaemia is not induced by gonadal exposures of parents. Third, the
Sellafield data might be just a statistical hitch, or the investigators
may have stumbled on to a major discovery of a special group of genes
with special target sized that are exquisitely responsive to radiation.
The radiation biologists and radiation geneticists night have missed this
for 40 or 50 years. It is hard to distinguish between these
alternatives. Practicing epidemiologists have told me that the study
seems to have been done well at the epidemiological level; they have
found an association between parental exposure and childhood leukemias,
but they themselves make the point that this is not real proof although

- 45 -

the press and the common man interprets it that way. I am sure a lot of
money is going to be spent to find out whether in fact leukcemia occurs
in children after parental exposure.
Myers;
Could I ask you to comment on the Nomura study on mice, which
you have reviewed in UNSCEAR.
Sankaranarayanan;
Nomura published a paper in Nature in 1982 in which
he presented results of irradiation of germ cells of male and female mice
of a special strain. He looked in the children of these mice for lung
adenomas, congenital malformations and other things. He found that
irradiation of parental germ cells, particularly the post genital cells
in the case of the male, produces a lot of benign lung adenomas (not
malignant cancers of the lung). The last paragraph of that paper also
indicates that leukemias and lymphomas follow a similar pattern.
Quantitative data on this have been published in Japanese. Opinion on
this work is highly divided in the scientific community. The spontaneous
rates of whatever they were measuring were rather high in the strain they
were using. They repeated the experiments with other strains and
appeared to find the same general pattern. Now Nomura has Sellafield to
support him and Sellafield has Nomura to fall back on. I do not know how
it will turn out eventually.
Grahn:
With regard to Nomura's studies, which are noted in the BEIR V
report, I would like to speak as an animal pathologist now. I have
worked with many strains of mice, and pulmonary adenoma has exponentially
rising prevalence in many mice, reaching over 90 percent by say 1000 days
of age. Similarly, lumphoreticular tumors have very high prevalences in
many strains of mice. Nomura's data were based upon a single point
estimate at a given age. Epidemiologically and statistically, one should
really look at the whole like span to see in fact whether you have
shifted the time of appearance, increased the total frequency or are just
dealing with a statistical variant. Different strains do not stay the
same in time because of diverse environmental factors and I think you
have to set these studies by Nomura aside for the time being as
interesting observations. But the issue should be explored and it must
be done as a lifetime study and a variety of neoplastic diseases should
be evaluated. As far as leukaemia is concerned, there are some classic
studies of clustering from the Chicago area that were reported about 30
years ago. Clustering of leukaemia is not new.
Sankaranarayanan;
I agree entirely. I did not want to go into the
details of Nomura's work, but we need a better mouse experiment.

DISCUSSION AFTER DR. J.V. NEEL'S PRESENTATION:
Myers:
We have heard a lot about the lower 95% confidence limit on the
doubling dose. What is the upper limit?
Neel:
Since there is no significant difference between the children of
exposed and controls, we cannot set an upper limit. We have no
statistically significant evidence that there is radiation-induced
genetic damage in this population. We suspect that the error term is
probably asymmetrical because these are small numbers with a Poisson-type
distribution.
(Inaudible question on neutron component of doses).
Neel:

Now there is only 1 rad (10 mGy) of neutrons in these doses.

Grahn:
The BEIR V Committee tested a range of RBEs in the cancer risk
estimates. A difference of 10 versus 20 or 5 for the RBE of the neutrons
contributes only a small percent to the total risk estimates. This is
well into the noise. There are not enough neutrons to make very much
difference in the results.
Unknown:
Having listened to the description of the way the cohorts were
set up and not have seen any significant difference after evaluation of
the data, I would like to ask how is it possible to talk about estimation
of a doubling dose from that data?
Neel:
As I said, if we take the position that we are not testing the
null hypothesis, but rather assume that radiacion caused mutation here as
it has in every other species, then we can take the data at face value
and go with it as the best estimate of the truth that we have at the
present time, and possibly the best estimate that we will ever have. The
alternative is to depend upon extrapolations from the mouse.

DISCUSSION AFTER DR. B.L. GLICKMAN'S PRESENTATION:
Cohen (McGill):
At the beginning of your talk, you said, I believe,
that low doses of ionizing radiation cause mainly transitions and high
doses cause mainly transversions. Does this have any implication for the
extrapolation of effects, as we are always doing in the case of
stochastic effects, from high doses to low doses?
Glickman:
This is an important question, particularly when coupled with
Dr. Sanka's earlier question what kinks of effects produced are going to
depend on total dose and on the dose rate. In addition to the population
in Goiana, Brazil we may be able to study mutations in Soviet astronauts
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and we are in fact receiving some visitors from Russia to discuss how
best to go about doing this. Total dose and how the dose is given is
important. There is another factor. The data that was described on
transitions and transversions is also going to be important on an
individual basis. People are going to vary, as will be discussed later,
in their repair capacity and how they handle DNA damage. For different
people the same dose may have different effects. This suggests that we
have to understand things at the molecular level, which is not practical
at this stage because we don't know enough.
Johnson (Battelle PNL): Your discussion about 35 percent radiationinduced mutations was probably to very small targets, at least from a
physics point of view. What is the size of the biological target in
which we have to calculate energy deposition?
Glickman: When you ask a biologist for a calculation, we usually ask a
physicist for help. I would say that 35 percent of the mutations occur
at a single base level; in other works, what has been damaged is
probably the size of a single base on the backbone of the DNA. The more
complicated events extend over large regions. They present a problem.
We do not yet understand the mechanisms by which these events occur. You
have a piece of DNA here and another piece over there, and there has been
a rearrangement where some of the first piece is now attached to the
second piece and vice versa. We don't understand how this happens. We
know where the sequence breaks and we will soon know the new sequence to
which these pieces are attached. Using the various fancy techniques
mentioned earlier, we can sequence the pieces before they broke. Either
the pieces are attached to the same sequences but in different locations
and find these by homology and recombination, or both pieces are broken
simultaneously and the broken ends find each other by some other
mechanism. Until we know at th.» molecular level what happened, we cannot
answer your question.

DISCUSSION AFTER DR. N.E. GENTNER'S PRESENTATION:
Johnson (Battelle PNL): Returning to your slide from the M.D. Anderson
group, the top was the distribution of normals and the bottom was cancer
patients: after they had been treated or before?
Gentner:
The bottom part was cancer patients before they had been
treated. But these patients were mainly aged 20 to 40 years and the
numbers are small. Familial predisposition to cancer shows up not only
as higher rates of cancer but the cancers appear earlier. So the
"enrichment" effect might not have been as marked if a spectrum of ages
had been taken. Incidentally, the reproducibility of that particular
assay has not been tested yet. Very few laboratories have done that. We

have found changes in some people. At the time, two of those patients
that showed complications during radiotherapy appeared radiosensitive in
vitro. We got samples again six months or a year later and they appeared
normal. Incidentally, the limited doses used in therapy were very
effective in their treatment.
Grahn:
Many years ago I looked at the genetics of infectious disease
susceptibility and then of radiation susceptibility. The whole question
has come around to the identification of individuals who are sensitive to
radiation. Are you trying to identify individuals and to know how to
identify those genotypes by their phenotypes? Or are you trying to
identify the variance in the population, so that you know the standard
error around the mean level of susceptibility? For any given standard, a
certain proportion of the population would always be overexposed and an
equal number underexposed. Is the goal to find the individual or the
population parameters?
Gentner:
The goal is to find out first if these is abnormal sensitivity
associated with an appreciable number of people. But we also want to ask
if this is associated with occupational risk of exposure. Even with
ataxia telangiectasia, there is no evidence that they are prone to
radiogenic cancer. We are on firmer grounds saying that there are
indications of hypersensitivity on a population basis, than we are in
giving any unambiguous attribution to an individual. The latter is very
dangerous especially if there is some temporal fluctuation. Its greatest
use will probably come not in protecting people occupationally but in
application to therapy. One of tha ideas P. Raaphorst and C. Danjoux are
exploring is early radiotherapy failures: are they more radioresistant?
We are trying to put together, where we can, this sort of testing
evidence. There are many questions on the suitability of these _in vitro
tests and the cell type used as surrogate. The most immediate cell type
is probably blood lymphocytes but this has difficulties too. We are
still in a learning mode.
Grahn:
I have run into situations where people want to set standards
according to specific genetic sensitivities.
Gentner:

I don't think that is at all appropriate yet.

Grahn:
I wouldn't think so either except for those unique types of
genetic defects where you might want to bar somebody from a given type of
work. But otherwise we are dealing with a normally distributed variable
and we have to accept that. We just wish we knew the variance better.
Gentner: I gather you would feel confident in excluding a worker with AT
(ataxia telangiectasia), but he would not be in the work force anyway.
What do we do about an AT hetero2ygote who is known to be more prone to
cancer? There is no evidence that person is more prone to radiogenic
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cancer specifically; this is a distinction we have to make. I showed
you the glycophorin A variant frequency data. That corresponds, using Abomb survivors and DS86 bone marrov dose, to a mutational equivalent of 3
to 4 Gy for AT homozycotes. The Bloom syndrome data corresponds to 20 to
50 Gy apparent mutational load, if expressed in terms of radiation dose.
That doesn't mean we have a 50-fold increase on a background accumulated
dose.

DISCUSSION AFTER DR. J.A. HEDDLE'S PRESENTATION: None
GENERAL DISCUSSION:

(DR. R.H. HAYNES, CHAIRPERSON)

Haynes:
The organizers have made available an hour for general
discussion. I hope that you will address your questions to the various
speakers.
Glickman:
This question came out of a discussion with Dr. Neel.
Initially, our work to make cloning and sequencing easier was done on the
homozygous strain for APRT in which there was only one allele mutated.
This restricted our initial data set to point mutations, for which we
received some criticism. By bad answer at the time was you can't
sequence a deletion. Since that time, out system has changed and we are
able to look at a broader range of events. The interesting thing is that
ionizing radiation does induce point mutations as well as other events;
we know that point mutations are more readily passed on to future
generations than some of the major alterations in the chromosomes; we
know that point mutations can result in tumors so they have a somatic
cost as well. The point I wanted to expand upon was that made by Dr.
Sanka about the genetic load of point mutants versus others. What is
important and not important? What should we really be measuring in
particular from my point of view, point mutants or non-point mutants?
Neel:
Let me first console Dr. Glickman with the thought that all of
the elegant work on E^_ coli is done not just on a haploid locus but on a
haploid organism. The spectrum of mutations there is I think strongly
biased towards point mutations because the deletions don't come through.
I would like to pick up on a point made by Dr. Heddle on mutation rates
in sperm. I too am very interested in mutation rates in sperm but am
more interested in "realized genetic damage". We may see a lot of
mutations in sperm which will never make it through to the point of being
a recognised human fetus. I put that kind of damage in the same category
as dominant mutations with early elimination, which from a societal
standpoint are not really very important. If we look into the future, I
think society will want to know more about the phenotypic impact and will
not be as interested as we are in the spectrum of mutations that do not
get through.
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better bridges between somatic cell findings and germ cell findings. It
is relatively easy to g^ into a population that has been exposed to any
kind of insult and show an increase in chromosome breaks or even point
mutations in somatic cells. But we are having a difficult time in Japan
relating what we are seeing in somatic cells to the very little that we
see in germ cells. Japan will continue to be for many years the best
arena in which to compare effects on somatic and germ cells, even though
it is 40 years after the atomic bomb. I would hope that some of the
somatic cell techniques that have been developed recently can be imported
into Japan and applied to the bomb survivors.
Haynes;
I would think that the molecular changes one should look at
would depend very much on the medical and biological endpoints one is
interested in. One might be concerned about cancer; to the extent that
cancer is a multistage process in which many kinds of mutations and
recombinational events are involved, one would want to look at a broad
spectrum of changes at the DNA level. If one's interest is focused on
the human gene pool and the extent to which radiation in the environment
might contribute to the fixation of new mutant alleles in the human gene
pool, one might be rcore interested in a variety of point mutations. My
quick answer to Dr. Glickman's question is that one is interested in all
changes at the DNA level; unfortunately at the present time it is
difficult to make a valid judgement as to which particular kinds of
changes in DNA are more or less important with respect to this or that
particular human condition.
Unrau (Chalk River):
If the normal spontaneous abortion screen is of
the order of 80 percent of all fertilized eggs not normally getting
through, will we ever be able to detect an increase due to the effects of
chemicals or other potentially mutagenic agents? What sort of work needs
to be done in order to determine what potential fertilisations are being
lost? Clearly things that can get through fertilisation, implantation
and development of the embryo are a very highly selected subset of all
possible mutants.
Neel:
That resonates with my earlier comment. I think 80 percent is a
little high, but we could go with a figure of 50 or 60 percent. I would
suggest that if induced mutations are not getting through, so much the
better. The kind of work I do is to see what does get through and what
the impact is. I have a theoretical interest in what does not get
through and I hope others will work on that in, say, sperm cells. But
the real challenge in terms of impact on society are the mutations that
get through to the next generation. Those that disappear immediately are
of very little consequence since humans have enough reproductive
potential to compensate for that.
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If we are interested inheritable effects of radiation, we
have the Japanese survivors of th3 atomic bomb. Another even larger
population which might be accessible is a study of genetic disease in the
children of smokers. Maybe British Columbia where there is a birth
registry might provide another approach to this question.
Neel:
We considered pursuing that question in Japan. We had done this
large study on electrophoretic variants and mutations, and then wanted to
go back to get smoking histories on the populations to see if there was
any correlation. But our sample of proven mutations was so very small
that we decided we did not have any statistical power at all. To turn it
around and look at mutation in the offspring of heavy smokers versus nonsmokers would have required a whole new study for which we were not
funded in Japan. There is a fairly large literature on smokers having a
larger proportion of various types of chromosomal abnormalities in their
lymphocytes and also some evidence for increased mutagenicity of smokers'
urine. I agree with the suggestion, but to set the study up would be a
very considerable undertaking.
Johnson (Battelle):
I want to address a question to the people here
that work on UNSCEAR and BEIR committees. As you know, the ICRP is in
the process of revising their 1977 recommendations. In 1977 they said
that 25 percent of the detriment from whole body exposure was due to
exposure of the gonads. In the 1990 draft they say 13 percent of the
detriment is due to exposure of the gonads. What I think I heard this
morning is that 13 percent is probably too high. Is there any comment?
Sankaranarayanan:
The reason for that is fairly simple. I have
recommended to ICRP not to change the genetic risk coefficient. We
personally believe at this point that the genetic risks could possibly be
lower than was estimated by ICRP in 1977. On the other hand, the cancer
risks from this population at Hiroshima and Nagasaki with more years of
fH.low-up has increased. So there is a proportional decrease of genetic
risk. The proportion of detriment associated with genetic diseases is
now considered to be relatively small compared to the cancer risks, which
have increased by a factor of two or three since 1977. The ICRP has a
system of numbers whereby the data are manipulated until one ends up with
one or possibly two numbers. The scientists who manipulate the data
understand how these numbers are derived and their significance. But
administrators need one number for regulatory purposes and ICRP tries to
give them that number. The genetic risks have not changed, although we
believe they could be lower than suggested. We have not done anything
dramatic; as indicated this morning, we have to do this in an
incremental fashion as we learn more over the years.
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I would agree. If you are cutting up the pie and cancer risks
are apparently increasing, the proportion due to genetic risks has to be
decreased. Looking to the future, you might find an even greater shift.
The BEIR V cancer risk estimates were three to four times higher than
estimated in previous reports. The reasons are several, the important
one being that we did not include a dose-rate factor. This factor would
reduce the increase to 1.5 to 2. We had much more data on solid tumors.
There is one important cohort in the Japanese bomb survivors that is just
beginning to enter its phase of a rapidly exponential increase in death
rate from cancer; that is the group that was age 0 to 9 in August 1945.
If our time-age dependent relative risk model in the BEIR V analyses is
correct, that cohort could increase our cancer risk estimates in future.
We won't know that before the years 2000 or 2020. the genetic risk could
become relatively smaller, but my suspicion is that ws are
underestimating genetic risks. I don't have the confidence that others
do that genetic risk estimates will be decreasing. We are detecting more
potential genetic defects or mutational components to genetic defects in
the population.
Glickman:
As we all know, a solid tumor is the result of a whole series
of events, not a single change but several. This makes like style an
important issue. If we assume an initial event in the Japanese bomb
survivors in 1945, later steps may well reflect life style. Is this kind
of data being collected? If the initial event reflects radiation
exposure, are samples being kept of any of the solid tumors for future
analysis? The molecular diagnostic approach should be able to determine
what kinds of changes may have resulted from the initial radiation.
Grahn:
I can't answer, but I do know that there are tissue samples at
the Argonne National Laboratory from the radium dial painters. Some of
these are now being processed for DNA analysis. This is just beginning
and I don't know what it may lead to. We are also looking at tissue kept
in paraffin blocks for many years from some of our mouse studies and from
irradiated dogs. It does offer some possibilities of retrospectively
finding out any unique features of these tissues.
Neel:
There is a life span study cohort in Japan, which is the fixed
cohort from which cancer risks are being calculated. For these
individuals, some sort of socio-economic history with occupation and some
smoking information is available. This is not everything you might
desire in retrospect but there are some data. Many of the useful
developments in molecular diagnosis have only occurred within the last
five to ten years, whereas the majority of the tumors were diagnosed
earlier. There has been active discussion of preserving tumors under
ideal conditions for molecular studies in the future. The RERF has
performed many autopsies in the past, as has the group at Hiroshima
University. The tumors which were encountered were preserved in
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formalin. I believe that there is now evidence DNA can be recovered from
a specimen that has been in formalin for a number of years. There should
thus be some limited material available for molecular analyses.
Haynes;
I would like to raise a question that I discuss with Dr. Neel
earlier. The results of the Hiroshima-Nagasaki analysis suggest it is
not possible to determine a statistically significant effect of radiation
exposure in terms of genetic damage. One possibility is that the effect
is there but very small, and that the size of the population event at 31
000 is too small to be able to detect these effects. Alternatively, the
various repair and preservative systems associated with gametogenesis and
meiotic recombination may be sufficiently efficient that repair coupled
with rejection of damaged sperm or effects at lower radiation doses may
result in an apparent threshold dose.
Neel:
These are indeed the two possible interpretations with which we
are confronted. With no statistically significant findings, as I stated
in my presentation, it is possible that we are manipulating the noise in
the system to generate our doubling dose. If this is true, our derived
doubling dose can be regarded as a worst case analysis. Even that worst
case is substantially higher than the mouse guidelines that have served
us for the past 20 years for deriving genetic risks. The exciting thing
to me after all these years in the field is that the human data suggest a
higher doubling dose than the traditional value derived from the mouse,
but if we look at the mouse data in a new light the mouse doubling dose
is also higher. One might begin to respect the mouse data more now that
it is closer to the human data. With respect to sample size, we have
made power calculations for DNA studies on cell lines that are being
preserved. From the work with electrophoretic protein variants, as far
as I remember, a rough figure for probability of spontaneous mutation per
nucleotide is about 1 in 108. For small deletions and inversions, a
similar gross probability but on a gene basis might be applied. With
these figures, if our current estimate of the doubling dose is correct,
we would require two samples of, if my memory is not faulty, about
6 x 109 nucleotide each. This is roughly the size of several "Human
Genome" projects and is a great deal of DNA to be sequenced. While it
would be very nice to have statistical significance at last, any
substantial amount of work on DNA should help to obtain firmer estimates.
The DNA studies which are currently being organized will not pick up the
chromosomal mutations which are perhaps half the total mutational burden.
I agree with the questions in principle. We can't prove that anything
happened to the Japanese children but it is of course impossible to prove
a negative no matter how large the simple size gets. To make a
significant advance in our thinking by work at the DNA level requires a
very major project. 1 would hope that tnert would be parallel work on
mice at the DNA level, and that this work be coordinated so that we look
at the same indicators in men and mice. If we look at homologous
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indicators, we should look at functional genes, not nonsense DNA or
highly repetitive DNA, but working DNA where a variant is likely to have
some biomedical significance for the population.
Douglas (HWC):
A comment on the questions of Dr. Haynes. The
suggestion that the absence of effects in children of the Japanese bomb
survivors is due to a filtering effect seems improbable. This would
require humans to be different from other organisms where one can show
induced mutations. A question for Dr. Neel: has there been any
calculations to show what population size would have been required to
detect an effect in the Japanese children?
Neel:
It is difficult to calculate the required population size if you
don't know how large the induced effect per unit dose is. Given the
error that we attach to our regression coefficients, a rough calculation
suggests that a population four times larger vith this radiation exposure
might have produced a significant result for untoward outcome of
pregnancy. This number needs to be re-examined before it is cited, but
might be in the region of 120 000 exposed and 120 000 controls.
Elagupillai (AECB):
There are two populations, one in China and the
other in Kerala, with high background exposures. Have you looked at
these populations? S>u.e of the reports have created some concern; are
these concerns realistic?
Neel;
Some years ago at the request of the Rockefeller Foundation I
spent some time in Kerala. The Indian atomic energy group at Trombay
were interested in the possibility of studies in this area. It quickly
developed that this was a very difficult situation for a field
geneticist. The doses were quite low. The fishing population lived on
the sands and a transient mining population came down from the hills but
went back after a few years. And as far as we could determine only about
half of all births were being registered. When the underpinning of vital
statistics is that weak and the doses that low, a truly heroic effort
would be required to collect data that one could have any confidence in.
This did not seem to be the place for the Foundation to invest a large
sum of money.
There is a situation in Brazil comparable to that in China which
was looked at by a WHO group some years ago. The local population was
small in number, the doses are very low and again the prospects for
obtaining useful data did not seem promising although some surveys have
been made. Let me make a comment on the epidemic of epidemiological
studies that is coming upon us. In the wake of Sellafield, there will be
a lot of political pressure to do epidemiological studies around nuclear
power plants and areas of increased radiation from natural sources. Let
me tell you about the study from Hanford some years ago by Sever, Gilbert
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of Hanford employees and a suitable control population. Radiation
exposure was classified as simple employment at the Hanford plant or as
recorded radiation exposure at the plant. Even with a one-tailed
statistical test, their "p" level was 0.07 (i.e. not significant for an
increase in congenital defects. Being careful and thorough people, they
went ahead to consider sub-types of malformation; out of 12 sub-types,
they had several observations at the level of 0.05 for "p". I
calculated, using Tippett"s well known formula, that the probability wi'h
12 tests of one or more significant at the 0.05 level was 0.46. Their
findings were as predicted from statistical theory; nevertheless, they
were greatly embarrassed to explain away any "significant" result in view
of the negative findings from Japan. The same thing will happen if we
have a rash of epidemiological studies. I hope that the powers in atomic
energy in various countries will get their heads together realising that
if you do enough tests you are bound to get a "significant" result
somewhere. We need a master plan to avoid the kind of confusion these
studies might create.
Osborne (Chalk River):
Thank you for that last comment which is exactly
the sort of thing we need to hear. But what do we do about Chernobyl?
We have heard recently some apparently alarming reports about effects
that may have some credibility. I would like to ask what sort of
credibility do you give to these reports. Is there anything we should be
looking at very closely either for somatic or genetic effects?
Unknown:

My answer would be none.

Neel:
There is so much we don't know about Chernobyl at present. As
geneticists, we are very deficient in information on gonad exposures.
Most of what we hear about Chernobyl are possible somatic effects,
including an already-alleged increase in cancer. I have been given to
understand that from the standpoint of theoretical resolving power based
on exposure, Chernobyl has about half the scientific information content
of the Hiroshima-Nagasaki experience. That is based on terribly fuzzy
estimates of gonad exposures. It remains to be seen whether there ever
will be good dosimetry. Canadians may be in a better position than in
the USA to be quietly helpful. A number of informal conversations
between people supposedly concerned with the Chernobyl follow-up have
occurred. The U.S.S.R. has sent several people to Japan to look at the
techniques being used. But there does not seem to be a well-organized
and carefully thought through follow-up program from the genetics
standpoint.
Grahn:
I wanted to add to Dr. Neel's comments about the impending rash
of epidemiological studies. In years past, I was intimately involved in
the evaluation of potential health effects around nuclear sites and had
to work as an expert witness on a couple of occasions. Some pitfalls
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have to be dealt with in program planning. The obvious one already
discussed is sample size. You will rarely find a sample that will be
large enough to reliably measure either somatic or genetic effects. You
will need good dosimetry, which is extremely difficult. We can generate
information on the general environmental levels around any facility but
that doesn't tell you on a one-to-one basis the exposures of each of the
individuals in a population, let alone their gonad doses. A major
problem is concomitant variables, that is, confounding variables in the
population such as socio-economic status, education, occupation,
religious background, cultural background, racial background, etc. We
enume~ated many of these and did our best to quantify some of these
variables. There are some that can be handled, foi example, average
income and average educational level, but trying to account for personal
habits and life style is a big black box that is hard to control. It may
be the dominant factor affecting tumor induction or mutation. These are
influenced by a person's own way of living.
The radiation factors
involved are trivial by comparison. But because people relate quickly to
correlation from simple association, we end up having to defend positions
that we never took in the first place. We honestly put forth our
observations and are then charged with having caused conclusions that
were not the case at all. The design and analysis of these
epidemiological studies is going to be a real challenge. The population
in Ontario may be more homogeneous than in the USA; otherwise you have
the same problems we do. There are major differences in the
probabilities of different tumor types in different cultural and racial
groups. One has to be very sensitive to these problems. Most of us
don't want to gent into these studies but we will have to do it. So we
have to spend a lot of time working out how to solve these problems.
Some of the best studies that I can think of right now in the USA involve
shipyard workers. We have half a dozen groups of nuclear shipyard
workers in the US, where Admiral Rickover insisted upon good records,
good clean operating habits, etc. There is reasonably good badge
d^simetry and fortunately most shipyards include persons doing exactly
the same job who never worked on a nuclear submarine and others who spent
most of their time on nuclear submarines. Thus, we have thousands of
persons who could be compared in case-control studies. Bot when talking
about the general population around a nuclear facility, we have got major
problems in any epidemiological study.
Cohen (McGill):
Sellafield has been mentioned several times. My
observation of the man and woman in the street, whose knowledge comes
from the popular media, suggests that they believe Sellafield is an
ordinary nuclear power station. The media do not make it clear that
Sellafield is a reprocessing plant. People who work in reprocessing
plant may ingest radionuclides of various kinds but no internal dosimetry
was available in Gardner's analysis. I have grave doubts about the
correlation between external dose and observed effects.
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Lentle (ACRP):
If you read the Gardner reports without reading the
accompanying editorial in Brit. Med. J., which makes the same point, I
think you are in danger of missing part of the story. My question is to
Dr. Gentner, who dealt elegantly with the DNA repair mechanisms. I think
you were talking entirely about host factors. I wonder if anyone has
looked at DNA repair i the tumor itself, since presumably the genetic
makeup of the tumor may be different from the host. How does this relate
to radiation sensitivity as a function of clinical cure?
Gentner;
Two groups are doing sensitivity testing, those basing it on
the tumor response and those seeking to delineate the normal tissue
response that might contribute. Some of these assays show problems
because they use methods that have not been validated. We ourselves have
found problems with MTT (tetrazolium dye reduction) possibly because what
happens in the mitochondria is not relevant to what happens in the
nucleus where the DNA has been affected by radiation. This December,
there is a conference at the Paterson Institute, dealing with
radiosensitivity testing. Ve are bringing together people who are doing
these measurements. What is needed is people who have done both the
normal cell response and the tumor cell response in the same person.
This is sadly missing and should be addressed at this conference. We
need to understand which endpoints are useful and, with regard to tumor
therapy, what dose rates should be tested. In a tumor, for various
reasons, physiologic factors may be as important as genotyplc factors.
Myers (Chalk River):
I would like to ask this morning's speakers what
they feel our future research priorities should be. Two aspects might be
noted. A recent RERF Update contained a paper by Abrahamson and coworkers suggesting that trisomy, for example Down syndrome, might be a
radiation effect whereas both BEIR V and UNSCEAR 1988 have suggested it
is not an important effect. And when I look at the tables presented by
Dr. Sanka and Dr. Grahn, there seems to be a great big blank space for
multifactorial. We seem to have somewhere between 60 and 120 cases of
multifactorial disease per 100 persons in the normal population but
nobody has tried to give a number yet for radiation effects, presumably
for very good reasons. Is there any way that we can help solve that
problem?
Sankaranarayanan;
The RERF Update paper suggests they have a new method
for estimating risk of inducing Down syndrome. Dr. Abrahamson sent it to
me before it was published.
Considering the way in which the data are
manipulated, we can get that result, but I don't believe it. I have
certain perceptions about the mechanisms and I do not believe that
addition of extra chromosomes is inducible by radiation. We may induce
breakage events but not additions of chromosomes which will result in
live birth. The only chromosomes for which such additions are possible
are chromosomes 21, 13 and 18. He goes on to all these chromosomes and
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calculates results which are not plausible. Considering multifactorial
diseases, I have been struggling with this problem for many years. We
did not make any risk estimates for induction of multifactorial diseases
by radiation in the 1986 or 1988 UNSCEAR reports. How do you go about
doing that? My personal feeling at this time is the mutation component
concept which was first used in 1972 has to be developed further. I have
the feeling that it is only an interim concept, but for the time being it
is an interesting concept whose consequences must be explored. But when
you look at what is happening in molecular biology, the multifactorial
diseases are now being split up. We are beginning to recognise the
underlying genes involved in many of these diseases, for example, in
lipid metabolism, hypertension, schizophrenia and so on. Once we know
the genes involved, we may be able to make certain predictions based on
population genetic theory. For the time being, it is very difficult.
The BEIR V committee used a 5 to 35 percent mutational component derived
by a very complex route. This involved the heritability and liability of
a mutated cell. I do not fully understand the logic but perhaps Dr.
Grahn will be able to explain it. Although very difficult, it is a good
starting point. I am exploring it at present together with a
mathematician. Our preliminary evidence suggests this concept may have
to be revised. The way I look at it is the standing variability in the
population in any multifactorial situation is very high, and it is
difficult to calculate a spontaneous mutation rate for a multifactorial
disease when you do not know what the specific factors are. We can make
certain assumptions. Considering that may of these diseases have ons~t
ages after the age of reproduction, the process that maintains them in
the population is not simple mutation selection balance. What maintains
them? They are not subject to the orderly type of selection as we
normally understand this; certain specific combinations of alleles may
lead to predisposition in combination with specific environmental
factors. Thus, the use of a doubling dose may be an invalid concept with
respect to multifactorial diseases. This is a personal view, not an
UNSCEAR view. We need to explore the consequences further before we can
say anything more definitive.
Grahn:
Going back to trisomy or hyperhaploidy, we did review in BEIR V
the induction of aneuploid in pre-ovulatory and less mature oocyte. Good
data are not yet available, but these are the data that Dr. Abrahamson
used in the RERF Update. He had a total of 10 variables in his estimate,
which makes one a bit nervous. I don't think the data are good enough
and it is an area i which we clearly need much better data. With regard
to multilocus or multifactorial traits, the reason the calculation is in
BEIR V in some detail (but not enough) is because there were geneticists
on the committee who think in terms of both the heritability of a trait
and the heritability of the liability. The heritability of the liability
is another way of saying that we are dealing with a threshold trait.

There is a distribution of liabilities in the population; below the
threshold nobody shows any obvious trait, above it they do. If they do,
the degree or probability of expression is manifest as the heritability
of the trait itself. The combination of these two is complex. I am not
going to try to explain it. It involves not only multivariate genetics
but also multivariate statistics, dealing with interacting kinds of
distributional properties. That is only ths analytical side. I have the
sense, as I think Dr. Sanka does, that one by one these complex traits
begin to parse out and we can begin to isolate some of the more important
genetic components in each. Then they begin to behave like ordinary
dominants or recessives, but mostly dominants with a varying probability
of manifestation per generation, which then gets us back to this
distributional property of liability. The circle begins to close as we
combine classical and mathematical genetics. I think the solution will
become apparent as we focus on the manageable genetic components that
appear in the clinic and in families.
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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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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 stationsEarlier 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 doseresponse 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 hardline 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

- - -b
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 heatshock 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 errorfree or error-prone repair.
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