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Effets sanitaires du développement énergétique*

par

D.K. Myers et H.B. Newcombe

Rësumë

Notre technologie accumulée a ajouté environ 50 ans à 1'es-
pérance moyenne de vie des êtres humains en Amérique du Nord. La
plus grande partie de cette augmentation de l'espérance de vie s'est
produite au cours des dernières 100 années. Les approvisionnements
sûrs et bon marché d'énergie sont nécessaires pour la prospérité in-
dustrielle qui a rendu cela possible. Toutes les meilleures estima-
tions indiquent que l'énergie nucléaire et le gaz naturel sont les
formes les plus sûres de la production contemporaine d'énergie. Le
plus grand risque d'irradiation auquel nous sommes actuellement ex-
posés semble provenir de nos maisons; il va être nécessaire que les
autorités de la santé publique portent une attention accrue au con-
trôle de ce danger particulier.

* Documentation de base ayant servi à la préparation d'un
exposé présenté â la Conférence nationale sur les ques-
tions nucléaires dans le contexte énergétique canadien;
Vancouver, Colombie-Britannique, 8 mars 1979.
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ABSTRACT

Our accumulated technology has added roughly 50 years to the average life span of a human
being in North America. Most of this increase in life span has occurred within the last 100
years. Cheap and safe supplies of energy are required for the industrial prosperity that has
made this possible. The best estimates available all indicate that nuclear power and natural
gas are the safest forms of contemporary energy production. The largest potential radiation
hazard to which we are currently exposed appears to derive from our houses; increased attention
by public health authorities to the control of this particular hazard may be warranted.
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TEXT

Our culture has long embraced the belief
that every child born alive has the right to
continue living. Energy supplies, and nuclear
power in particular, play an important role in
this concept. Our culture also includes people
who object to continued development of the
"advanced" technology that is part of our
tradition. This particular part of our society
may serve an important function in suggesting
adjustments to our cultural development.1 It is,
however, useful to compare what the future held
for the new-born child before the advent of
contemporary technology and what is in store for
the new-born child at present.

In 1971, the average child born in Canada
was expected to live for 73 years (Fig. 1). In
1700, the average life expectancy was 35 years.
About 1,000 years ago in North America, roughly
one baby in five died before it had reached its
first birthday. The average life span at that
time was about 20 years; even if the children
that died in their first year were ignored, the
average life expectancy of the remaining
children was less than 25 years (Fig. 1). In
short, accumulated technology has added roughly
50 years to the life expectancy of a human child
in North America. Most of this increase, i.e.,
30-35 years, has occurred within the last 100
years (Fig. 2).

P E R S O N S L I V I N G T O 1 G I V E N I G E
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Much has been learned about food, housing,
ecology, public health and medical care during
the past hundred years. Even today, however,
life span is dependent upon prosperity in our
society (see Fig. 3). [Other current examples:
Indians in Northern Ontario - average life span
40 years; Negroes in the U.S.A. - average life
span 68 years, instead of the 73-74 years
expected for the average white person.] Fig. 4
shows data for infant deaths in two of the
richer and more industrialized Canadian
provinces and in one of the poorer provinces.
As industrial prosperity and the consumption of
energy increased since 1931, infant death rates
decreased consistently and are now approaching
closer to zero. Infant deaths remained higher
in poorer provinces, where people were unable to
afford the same level of health care, until
1957-59 when hospital insurance programs nere
introduced. Since this method of sharing the
general prosperity was invoked, infant death
rates have been similar in all provinces of
Canada. But cheap and safe supplies of energy
are required for the industrial prosperity that
makes all of this possible.

Nuclear power is one known source of cheap
and safe energy. We might summarize the problem
under discussion as follows: Nuclear power is
associated with radiation and radiation causes
cancer. Cancer is responsible for 20% of all
deaths in Canada (Fig. 5) and about 2,000 agents

Figure 4
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are suspected of causing cancer. For example,
most skin cancers appear to be associated with
exposure to sunlight; most lung cancers are
associated with cigarette smoking. The question
then becomes: how many fatal cancers are caused
by radiation? Virtually everything in this
world—animal, vegetable or minera1--is
radioactive. Even our own bodies are slightly
radioactive. According to the estimates given
in the most recent report from the United
Nations Scientific Committee in 1977, about one
in each 50 cancers might be caused by
radioactive materials from the average house and
about one in each 200 by natural background
radiation—which includes that of our own bodies
(Fig. 6). About one in each 200 cancers might
be caused by the X-rays used for diagnosis by
medical doctors and dentists, if medical
exposures in Canada are similar to those in the
U.S.A. (Medical diagnostic exposures in the
U.K. are about half those in the U.S.A.) Most
scientists think that these are maximum probable
figures and the actual risks may be slightly

smaller. The range of uncertainty on the
estimates given may be taken to be about
three-fold in either direction. The values in
Fig. 6 are applicable primarily to risks of
fatal cancer but are essentially similar in the
case of risks of non-fatal or curable cancers.

If one lived on the boundary of a CANDU
nuclear power station for 24 hours a day all of
one's life, the potential increase in risk of
cancer is roughly one hundred times smaller than
the average due to medical and dental X-rays.
The increase in radiation exposure on the
boundary of a CANDU reactor is roughly 10 times
smaller than the increase in radiation exposure
that results from living in a brick house rather
than a wooden house, or than the increase in
cosmic radiation that results when one moves
from sea-level to Calgary.

This is the current situation. What of the
future? We do have a number of good estimates
available for nuclear power. If most of our
electricity, let us say i kw per person
continuously, were to be supplied by nuclear

CAUSES OF FATAL CANCERS IN HUMANS

(es derived (ram United Nations report, 1977)
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RADIATION DOSE COMMITMENT TO 3.G MILLION PERSONS LIVING WITHIN 88 Km
OF A 1000 MW POWER PLANT

(from McBrideet al, 1978)
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reactors in the future, the total radiation
exposure of all occupational workers plus the
general public would add a maximum of 3% to our
current radiation exposures from natural sources
plus medical diagnostic X-rays (UNSCEAR, 1977).

Various people have suggested that we
should use coal as a source of cheap energy.
When coal is burned to produce electricity,
radioactive materials are also liberated into
the air (Fig. 7). The resulting radiation
exposure of the general population in the
vicinity of a coal-fired power station is
similar to that in the vicinity of a nuclear
power station (McBride et al., 1978). In both
cases, the average radiation exposure resulting
f n m the power station is extremely small -
roughly 20,000 times less than the average
exposure from medical and dental X-rays in the
U.S.A., ten to twenty times less than the
average exposure expected if another human being
were present one metre away on a continuous
basis, and 200 times less than the maximum
annual exposure at the boundary of the Pickering
reactor.

The combustion of organic materials such as
coal liberates, in addition, large amounts of
nitrogen oxides, sulfur oxides and chemicals
such as benzpyrene into the air (Fig. 8). These
chemicals also cause cancer and are thought to
represent a much greater threat to health than
any hazard from the radioactive materials shown
in the previous figure. The data published by
the U.S. National Academy of Sciences suggest
that simply breathing the polluted air in an
average city would cause about 100,000 times
more cancers (Fig. 9) than would be caused by
living within 55 miles (88 km) of a 1000 MW
nuclear power station, or about 500 times more
than would be caused by living on the boundary
of a CANDU power reactor.

Sulfur and nitrogen oxides from the
combustion of organic fuels are responsible for
"acid rain" and are known to have deleterious
effects upon plant life and fish when the
concentrations are high. According to the
Ministry of Environment, over 100 lakes in
northern Ontario are currently on the borderline
of becoming unable to support fish or plant
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life, and many hundreds more are in potential
jeopardy, due to acid rain. The major
environmental concern arising from combustion of
organic fuels may yet prove to be the
possibility of major changes in climate and
ocean levels because of accumulation of carbon
dioxide in the atmosphere (see, for example,
McLean, 1978). Experts in the field are however
not agreed on the probability of this event
within the near future. Further research in
this area is in progress.

It would be reasonable to ask how many
people might be killed at present in the process
of producing electricity for our current use-
There is a certain risk to any human activity,
including all phases of energy production. Some
recent estimates of the total hazards involved
in all phases of the production of electricity
from two conventional sources are shown in Fig.
10. These estimates have wide ranges of
uncertainty, but all the available estimates,
including those by Dr. Inhaber, suggest that
coal and oil are roughly ten times more
hazardous than either natural gas or nuclear
power as a source of energy. It might be noted
that the values given in Fig. 10 include
estimates of effects of possible accidents
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involving nuclear reactors but exclude estimates
of the numbers of fatal cancers caused by
combustion of coal. [Data on the recent nuclear
reactor accident at Three Mile Island in the
U.S.A. (Battist et al., 1979) indicate that
radiation exposures to the general public in the
vicinity would produce minimal effects and do
not provide any reason to believe that previous
estimates of the health effects of nuclear power
require any appreciable revision.]

The only publication we have to date
dealing with the health hazards of other energy
sources such as wind or solar power is by
Dr. Inhaber (Fig. 11). Revisions of these
initial estimates are anticipated. We urgently
need other independent estimates of this kind,
since they are essential as a basis for any
rational decision on the future development of
energy sources. If these initial estimates are
correct, obviously our society could, if it
chose to, save many lives by concentrating
specifically on natura} gas and nuclear power as
energy sources for the immediate future.

In terms of life expectancy alone, the
current benefits of nuclear power appear to
exceed the costs by more than a hundred-fold;
the benefit/cost ratios for most other sources
of energy (except natural gas) would necessarily
be smaller than this, but are still appreciable.
The benefit/cost ratios in terms of life
expectancy have been discussed in more detail
elsewhere by Myers S Newcombe (1978). [Further
data on the same topic are provided in a recent
article by Cohen and Lee (1979).]

It is of course possible that the estimates
in Fig. 10 are not correct. Some scientists
have suggested that low-level radiation is less
hazardous than most people think it is; even if
this is correct, most responsible authorities
consider it prudent not to underestimate the
potential health hazards. Other scientists have
suggested that low-level radiation is more
hazardous to our health than indicated by the
internationally accepted risk estimates.
Various people have tried to turn this latter
suggestion into a political issue. But real
facts are not altered by political debate or by
popular vote. The real world, in which we are
born, live and die, continues to follow its own
rules regardless of any personal opinions of our
own; the whole purpose of research and
development programs might be considered to be
the discovery of these real rules or "facts" and
the utilization of this knowledge for our own
benefit as human beings. The International
Commission on Radiological Protection does not
agree that there has been any recent evidence
(to May 1978) to substantiate a change in risk
estimates. The American Medical Association
Council on Scientific Affairs does not seem to
agree either; in fact, this council has recently
(November 1978) issued a report indicating that

ONE ESTIMATE OF THE HEALTH HAZARDS ASSOCIATED
WITH VARIOUS «OUNCES OF (LECTKICAl POWER

nn_
Figure 11

nuclear power is roughly 100 times safer (i.e.,
between 2 and 7,000 times safer) than coal as a
source of energy (Fig. 10).

If the currently accepted estimates of
radiation risks are correct, the largest
potential radiation hazard to which the human
population is exposed appears to derive from the
normal custom of living in houses (Fig. 6). A
naturally occurring radioactive gas -- radon --
emanates from the usual construction materials
and accumulates inside enclosed buildings. The
normal home has a ventilation rate of about one
change of air per hour; at this level, radon
from usual building materials in the average
home might account for 4 to 20% of all lung
cancer deaths, with a figure of 4% or less being
considered more probable (Fig. 12) (see Myers &
Stewart, 1978). The figure of 4% of all lung
cancers would correspond to about 1% of all
fatal cancers, rather than the value of 2% of
all fatal cancers suggested by the UNSCEAR data
(Fig. 6) and by Ellett and Nelson (1978).

It is often suggested that energy can be
saved and heating costs reduced by sealing up
houses more tightly. This suggestion might seem
harmless enough, but ought to receive rather
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careful attention from medical and public health
authorities. If the ventilation rate in the
average home were reduced ten-fold, it is quite
possible that the number of lung cancer deaths
in Canada could be doubled. The magnitude of
potential health effects is very large. This is
by no means an argument against energy
conservation in general, but simply a warning
concerning potential health hazards involved in
this particular kind of energy conservation. We
do need more information in this particular
area.

Finally, two points might be emphasized.
F'rstly, by comparison with many other people in
this world, we are an affluent country and our
average life span is indeed long (Fig. 13). We
have therefore reached a point where increased
prosperity might be expected to provide
diminished (but still appreciable) returns in
terms of an increase in life expectancy. It can
indeed be argued that we waste a considerable
amount of energy in providing luxuries for our
daily living and that we could, if desired,
maintain our current health standards with less
energy than we use at present.

This paper is not intended to specify any
particular level of energy production or
prosperity as being most appropriate.

Let us note, however, that our life
expectancy is still increasing, a trend which we
would not wish to reverse. And because we are
healthy and affluent, we can afford to hold
meetings to discuss further improvements, and
potential pitfalls, in the ways in which we use
our energy supplies.

Secondly, it is essential that we discuss
all the health effects of each of the energy
production options, including the health effects
of lack of energy development. If we were to
concentrate only on the risks of one option and
thus failed to consider either the benefits or
health hazards involved in various alternative
courses of action, we would inevitably end with
an unbalanced viewpoint and could as a result
make choices that would be detrimental to our
children.

The best scientific estimates available to
date all suggest that the net health benefits of
energy production are greater with nuclear power
and natural gas than with any other current
source of energy.

Figure 13
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APPENDIX: ADDITIONAL INFORMATION

1. Radiation exposures from various sources

The data in Table 1 are based primarily on the figures given by UNSCEAR, 1977.

Table 1. Health effects of radiation from various sources

Radiation source

1. Radon from building materials in average
(lung epithelium only)
- 1 change of air per hour
- 0.1 change of air per hour

2. Natural background***
(a) cosmic rays

(for 1000 metres increase n altitude, add
another 15)

(b) radiation from earth
(c) internal body radiation

Radiation
exposure
(millirem/year)*

(2400)**
(29600)**

31

32
30-60

Predicted
fatal cancers
Der mi 11 i on
Dersons per year

12-48
150-600

10

3. Medical diagnostic X-rays (average for U.S.A.
1970)

4. Occupational plus environmental exposures due
to a full-scale nuclear power program supplying
1 kW electricity per person

5. One 10-hour jet flight per year at an altitude
of 12 km

6. Living permanently on the boundry of a CANDU
reactor****

100 10

0.6

0.1

*Note 1: To convert doses in millirem/year toySv/year, multiply the above numbers by a
factor of 10.

**Note 2: Radiation doses to lung epithelium as a result of inhalation of radon
daughters are approximations. These doses CANNOT be accurately estimated in
terms of millirems; the figures given for lung epithelium would be more
properly expressed as 0.12 and 1.48 WLH/year for 0.1 and 1 changes of air per
hour respectively. The risk estimate in this case was taken as 1-4 x
10"4 fatal cancers after exposure to 1 WLM. Data on effect of
ventilation rate from Cliff (1978).

***Note 3: Natural background radiation will vary considerably depending upon altitude,
type of housing and radioactivity of the soil. Natural background varies from
about 85 to 250 millirem/year in different populated areas of the U.S.A.; for
most areas, the value is usually taken to be 100-110 millirem/year.
Background radiation in a wooden building is usually about 16 millirem/year
lower than in a masonry building.

****Note 4: The figure for a CANDU power reactor is based on values reported for the
2000 MW Pickering A station; 90% of this total increment in radiation exposure
is reported to be due to airborne effluents (Clarke, 1978). The number quoted
is believed to be approximately correct but requires further confirmation.



- 11 -

2. Estimates of risk of fatal cancer caused by exposure to 1000 millirem whole body

BEIR 1972* (0.85-4.5) x 10"*
NRC 1975 (0.0-0.83) x 10-4
NCRP (Upton 1977) (0.38-1.85) x 10-4
UNSCEAR 1977 1 x 10"4
ICRP 1977, 1978 1 x 10"* (male)

1.5 x 10-4 (female)
BEIR 1979* <j0.7-3.5) x 10'4

*The BEIR reports provide different risk estimates based on absolute risk and
relative risk models.

3. Estimates of risk of fatal cancer caused by exposure of lung to 1 WLM from radon
daughters

BEIR 1972* (1-4.5) x 10-4
UNSCLAR 1977 (2-4.5) x 10"4

Myers S Stewart 1978 1 x 10"4 or
(0.5-2) x lO-4

Ellett S Nelson 1978* 5 x 10"4

Archer 1978, 1979 (5-12) x 10"4

*The BEIR reports provide different risk estimates based on absolute and relative
risk models; the estimates by Ellett & Nelson are based on the relative risk model,
while the other estimates given are based largely on absolute risk models. Although
the numbers differ, the average loss of life expectancy is similar with either the
absolute or relative risk models.

4. Calculation of the effects of increased ventilation rates in homes

A typical house in Canada will contain from 10,000 to 30,000 cubic feet (283 to 850
cubic metres) of air; as an initial approximation, therefore, one might assume an average
of five persons per 20,000 cubic feet (566 cubic metres) of enclosed living space. In the
Ottawa area, which is fairly typical of the Canadian climate, approximately 5000°C-days of
heating are required. For a ventilation rate of one air change per hour and a volume of
20,000 cubic feet per house, a total of 23,000 kilowatt-hours would be required to heat
dry air in this house through 5000°C-days during one year. This value does not include the
heat required for vaporization of water; the total energy required to heat this volume of
air and maintain a relative humidity of 40% is probably closer to 30,000 kilowatfhour of
hours. If there were 5 persons living in this space, this would amount to 5000 to 6000

kilowatt-hours (or about 0.6 kilowatt'years) of energy per person to provide a
ventilation rate of one air change per hour. The monetary cost of providing this energy,
at about 3 cents per kilowatt-hour of electricity or 60 cents per gallon of fuel oil,
should be approximately $600 per household or $120 per person. Comparison of this value
with typical fuel bills in the Ottawa area, and consideration of the fact that
approximately half the heat loss from a house occurs via radiation and conduction, suggests
that the average rate of home ventilation during the winter season in the Ottawa area is
closer to 0.3 than to 1.0 changes of air per hour.

Tentative benefit/cost ratios of the health effects of increased ventilation in
houses during 6 months of the year have been calculated (Table 2) on the basis of published
data for exposures to radon daughters at different ventilation rates (Cliff, 1978),
assuming that about 1 life will be lost in supplying 1 kilowatt-year from nuclear power
to each of a million people (Fig. 10) and that 1 WLM to each of a million people will cause
100 (to 400) fatal cancers. The benefit/cost ratios given in Table 2 would be roughly ten
times smaller if coal rather than nuclear power were used as source of energy (Fig. 10).
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Table 2. Health effects of radon daughters in houses

Increase in
ventilation
rate (changes
of air per
hour)

Changes in
exposure
of radon
daughters
(WLM per
year)

Lives lost in
production of
required energy
from nuclear
sources (per
million persons)

Lives gained by
reduction of
radon daughter
exposures for 6
months of the
year (per million
persons)

Lives gained
Lives lost

from 0.1 to 0.2 from 1.48 to 0.73 0.06

from 0.2 to 0.5 from 0.73 to 0.26 0.18

from 0.5 to 1.0 from 0.26 to 0.12 0.3

from 1.0 to 2.0 from 0.12 to 0.055 0.6

38 (or 150)

24 (or 96)

7 (or 29)

3 (or 12)

630 (or 2500)

130 (or 530)

24 (or 100)

5 (or 20)

The monetary cost per life saved can be calculated on the basis of the estimate
given previously, i.e., about $120 per person to provide for one change of air per hour.
The probable values would then be roughly 0.3, 1.5, 8.6, and 40 million dollars per life
saved, respectively, for the four sets of conditions indicated above. Minimum monetary
costs, if 1 WLM were responsible for 400 rather than 100 fatal cancers per million persons,
would be four times smaller.

(The assistance of N.E. Gentner and R.E.J. Mitchel with the above calculations is
gratefully acknowledged.)

5. Decrease in l i f e expectancy caused by radiation

Data are available from which the decrease in l i f e expectancy due to fatal cancers
caused by whole body radiation can be calculated fa i r ly accurately. For the in i t ia l
calculation, we have used the values given in Table 2-3 on p. 171 of the BEIR report
(1972), i .e . , (a) prenatal exposure: 0 years latent period, 25 leukemias and 25 other
fatal cancers per mill ion persons per rent and per year for 10 years; (b) exposure at 0-9
years of age: 2 leukemias per mill ion persons per rem and per year for 25 years after an
in i t i a l latent period of 2 years, plus 1 other fatal cancer per mill ion persons per rem and
per year for l i f e after an i n i t i a l latent period of 15 years; (c) exposure over 10 years
of age: 1 leukemia per mill ion persons per rem and per year for 25 years after an in i t i a l
latent period of 2 years, plus 5 other fatal cancers per million persons per rem and per
yaar for l i f e after an i n i t i a l latent period of 15 years. I f the average l i f e span is 73
years, the total l i fe-t ime effect of an accumulated 1000 millirem whole body radiation in
each 10 years can be calculated as in Table 3.



- 13 -

Table 3. Effect of 100 mil 1irem/year on average life expectancy

Age at
exposure
(years)

Prenatal

0-10

10-20

20-30

30-40

40-50

50-60

60-70

Total

Total number of
induced cancers
per mill ion persons
Leukemia

19

50

25

25

25

25

16

6

191

Other
fatal
cancers

19

53

215

165

115

65

15

0

647

Average
at death
(years)

Leukemia

5

18

28

38

48

58

65

70

age

Other
fatal
cancers

5

46.5

51.5

56.5

61.5

66.5

71.5

-

Loss of life
expectancy (years)
times the fraction
of persons with
induced cancer
Leukemia

0.0013

0.0028

0.0011

0.009

0.006

0.0004

0.0001

0.00002

0.007

Other

0.0013

0.0014

0.0046

0.0027

0.0013

0.0004

0.0002

-

0.012

The average loss of life expectancy for these particular conditions is thus 0.019
years, of which about one-third is due to induced leukemias and two-thirds to other fatal
cancers (Table 3). Other models can be used to calculate loss of life expectancy. For
example, the relative risk model (BEIR, 1972, 1979) indicates that a given rate of
radiation exposure would produce fewer cancers before age 35 and more cancers after age 35
than suggested by the above figures; however, the average loss of life expectancy is almost
identical with either model.

The above calculation thus indicates that the average life shortening induced by
exposure of the whole population to 100 mi 11irem/year (e.g., from natural background
radiation) is aboii* 0.019 years. [This number is consistent with that derived recently
in an independent calculation by Cohen and Lee, 1979.] Because radiation workers are
normally 18 to 65 years of age, the average life-shortening for each 100 mi 11irem/year
would be approximately three times smaller and would be equivalent to approximately 0.34
years if maximum permissible exposures of 5 rem/year were received every year from age 18
to age 65 (see Myers, 1977 and Gotchy, 1978).

For a complete nuclear power industry (including fuel reprocessing) which supplied
every person in th' world with 1 kW electricity continuously, the increment in average
radiation exposure is estimated to be about 4 millirem/year from occupational exposures
plus 2 millirem/year from exposures of the general public (UNSCEAR, 1977). The total
predicted decrease in life expectancy due to induced cancers would thus be less than 0.001
years. This value might be doubled if genetic diseases as well as fatal cancers were
induced (see ICRP, 1977; UNSCEAR, 1977; Newcombe, 1978). The benefit derived is part of
the energy required to maintain a complex cultural system which, as a whole, has added
roughly 35 years to our average life expectancy. If it were possible to provide all of our
energy requirements, say 10 kW per person continuously, with electricity from nuclear
power, the total life shortening should then not exceed 0.02 years.
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6. Genetic effects of radiation

Approximately 10% of all children born in Canada at present suffer from some genetic
or partially genetic defect that will require medical attention at some time during their
normal life-span (UNSCEAR, 1977). A wide variety of clinical conditions is involved; some
of these have serious effects on the persons concerned while many of the other conditions
either have minimal health effects or are readily treated (Newcombe, 1978).

One-tenth of this total (i.e. 1% of all live-births) is due to "dominant" mutations
that arise at random in the general population. Any mutagenic agent, such as radiation,
that induces new mutations would be expected to increase directly the number of new
dominant mutations. Much of the remaining nine-tenths of the total (i.e., 9% of all
live-births) is classed as "multifactorial" diseases. These latter diseases are known to
have a genetic component but are frequently maintained in the general population, not by
mutation, but because the genes involved seem to provide a selective advantage for survival
under certain adverse environmental conditions. For example, the genes that lead to the
appearance of diabetes when ample or excess food is available may well promote survival
when food supplies are chronically or periodically restricted to near-starvation levels;
similarly, the genes that lead to the appearance of pyloric stenosis under certain
conditons are thought by some to be advantageous in an environment which requires a
highly developed muscular system for survival. In fact, the harmful effects of many of the

OTHER
CAUSES

99.4%-

HADIATION
0.6%

CAUSES OF GENETIC DEFECTS IN HUMANS

(at derived from United Nations report, 1977)

LIVING NEAR
0005% PICKERING

REACTOR

MEDICAL
X-RAYS

0 5 % NATURAL
BACKGROUND
RADIATION

Figure 14
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multifactorial diseases in our current society may represent a trade-off that nature makes
between competing requirements in the design of the human organism, and some of these
diseases become apparent only because our society has eliminated the adverse environmental
conditions for which the responsible genes were advantageous. Mutagenic agents such as
radiation are expected to have relatively little effect on the incidence of these
multifactorial diseases (Newcombe, 1975; UNSCEAR, 1977). The problem of interest for
radiation protection then becomes the quantitative assessment of a) the proportion of the
total "burden" of genetic disease in man that is susceptible to a radiât ion-induced
increase, and b) the extent of that increase following exposures to various radiation
levels.

No increase in genetic defects has been observed in the children of human beings
exposed to relatively high radiation doses in the region of 100 rem (UNSCEAR, 1977). This
does not prove that low levels of radiation do not cause genetic defects in human
populations, but does provide an upper limit to the numbers that could be produced by
various levels of radiation. Careful biological experiments on other mammals, on insects
and on other living organisms show that radiation will produce genetic defects in the
descendants of living organisms exposed to high radiation doses; there is no biological
reason to expect that similar effects would not be produced in human beings.

Millions of dollars have been spent during the past 30 years on biological
experiments designed to assess the genetic effects of low-level radiation. Animals exposed
to abnormally high levels of natural radiation in certain areas of the world and various
organisms exposed to high radiation levels in the laboratory have both been examined. It
is, in fact, difficult to demonstrate any adverse effects on the health of animals after
exposure of the gonads for many generations with cumulative radiation doses up to about
5,000 rem. The data from all of these studies have been reviewed in the 1977 report as
well as in previous reports from the United Nations Scientific Committee on the Effects of
Atomic Radiation (see UNSCEAR, 1972, 1977).

From these data, it has been estimated that about 3% of the "dominant" genetic
defects or about 0.5% (one in every 200) of all the genetic and partially genetic defects
which occur normally in humans could be caused by the natural background radiation level of
100 mi 11 irem/year (Table 4 and Fig. 14). The genetically significant exposures from
medical radiation in the U.S.A. are estimated at about 20 mill irein/year on the average
(UNSCEAR, 1977); thus medical radiation is predicted to increase this number of genetic
defects by a small amount (Fig. 14). The increases caused by nuclear power are even
smaller than those produced by the use of X rays in the healing arts.

Table 4 provides one particular illustration of the type of data which is derived
from biological experiments and which is utilized for the estimation of the genetic effects
of radiation in humans. The data on yeast cells (S. cereyisiae) are taken from recent
experiments at Chalk River by P. Unrau and D.P. Morrison (1978), those on an insect
(Dahlbominus) are from earlier experiments at Chalk River by W.F. Baldwin (1972, 1975; see
the 1972 report from UNSCEAR), those on the mouse are from a multi-million dollar study at
Oak Ridge as well as at Harwell (see UN'SCEAR, 1972, 1977), while the last two rows in Table
4 give the estimates for humans that were derived from review of a large number of studies
on a wide variety of living organisms (UNSCEAR, 1977). As noted over 20 years ago (see
Sinnott et al., 1958), the data on other living organisms (Table 4) are consistent with the
conclusion that only a very small fraction of the "spontaneous" incidence of newly arisen
genetic defects in humans is the result of exposure to ionizing radiation.

The question then remains as to the cause of the vast majority of the mutations that
give rise to genetic defects in living organisms, since natural background radiation is
responsible for only a minute fraction of the "spontaneous-occurring" defects. Two other
known causes exist, for the newly arisen genetic defects as well as for cancers. One is
environmental chemicals such as benzpyrene which affect the genetic material in much the
same way as does radiation (Myers, 1978). The other is spontaneous faulty replication of
the genetic material (Topal and Fresco, 1976) or faulty repair of spontaneous defects in
the same genetic material. The effects of deficiencies in these repair processes are
illustrated in Table 4. The yeast strains designated as rad3, rad6 and rad52 (Table 4) are
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Table 4. Calculation of the fraction 3f observed spontaneous mutation rates in various organisms that are
caused by natural background radiation

Test system Approximate Spontaneous
generation mutation
time rate

(mutants/107
descendants)

Radiation-
induced
mutation
rate at low
dose rates
(mutants/lO7
descendants/rem)

Fraction of
spontaneous
mutations
caused by
100 millirem/year

S. cerevisiae: isoleucine "point mutations" (total for 10 loci)
- strain D7 (normal) 2 hours 5.
- strain D7.rad3 2 hours 35.
- strain D7.rad6 2 hours 0.6
- strain D7.rad52 2 hours 20.

S. cerevisiae: tryptophane
- strain D7 (normal)
- strain D7.rad3
- strain D7.rad6
- strain D7.rad52

"gene conversions" (1 locus)
2 hours
2 hours
2 hours
2 hours

Dahlbominus:
- eye colour "point mutations" (total for 8 loc i )

14 days
- all visible malformations 14 days

House: coat colour mutants (total for 7 loci)
4 months

Han:
- "dominant mutations" (10% of to ta l ) 30 years
- a l l genetic effects (100% of tota l ) 30 years

39.
150.
830.

12.

1600.
21100.

560.

0.014
0.024
0.00
0.00

0.40
0.60
0.55

<0.003

72.
114.

5.6

6 x 10"
2 x 10-1

0
0

20 x 10-
9 x 10-
2 x 10-

<0.6 x 10"

17 x 10-5
2 x 10-5

5 X 10-4

3 x 10"2

0.5 X 10"2

known to be defective in specific portions of the normal, inherited systems for repair of
damage to the genetic material (Unrau and Morrison, 1978). The data show clearly that both
spontaneous mutation rates and radiation-induced mutation rates are highly dependent upon
the efficacy of a variety of repair systems in the normal organism (Table 4). Similar
deficiencies in repair systems have been discovered recently in humans (Paterson,
1979; Cleaver, 1977) and are expected to influence the number of genetic defects [and
cancers) that occur spontaneously in human populations. But even in the absence of
deficiencies in these repair systems and in the absence of exposure to increased radiation
levels, all normal living organisms produce a relative high incidence of genetic defects
among their progeny. This incidence is usually attributed mainly to spontaneous events
with some contribution from environmental agents other than radiation.

(The authors are indebted to P. Unrau, D.P. Morrison, and J.D. Childs for
information relevant to the above discussion.)



- 17 -

7. Radiation effects on other living organisms in our environment

Radiation protection standards which are designed to guard humans against any
harmful effects of low-level radiation are generally considered adequate to limit the
possible harm to other living organisms in our environment (BEIR, 1972). There are a
number of reasons for this conclusion:

First, most other organisms are more resistant than mammals to the lethal effects of
high radiation doses.

Second, under natural conditions, most organisms do not survive to their anticipated
maximum life-span. Indeed, the same is true for human beings who have not developed an
advanced technology (Figs. 1 and 2 ) . Cancer is basically a disease associated with old
age. Any shortening of expected life-span due to development of cancer in old age becomes
important only when the organism has developed methods by which the majority of individuals
can survive to an old age.

Third, under natural conditions, most living organisms produce many more offspring
than will ever survive to a reproductive age, and genetic defects in the progeny tend to be
eliminated very early in life. (Only in the case of man has the species developed special
methods to keep such defective progeny alive.) For example, baby mice which are born with
a cleft palate are unable to suckle and die within one day after birth; human offspring
with the same physiological defect can be surgically "cured" and are readily kept alive by
medical treatment in the current North American society. The percentage of all offspring
which survive to reproductive age under natural conditions varies greatly from one species
to another; the values range from about 0.01% for many fish, to about 50% for humans living
under natural primitive circumstances (Fig. 1). Under these natural conditions, the
occurrence of a minority of genetic defects in the progeny is largely irrelevant to the
overall survival of the species, and becomes important only in those rare circumstances
where a genetic change results in a descendant with increased capability for survival
(Darwin, 1859).

Human beings have been altering their environment for their own benefit for many
hundreds or even thousands of years. Recent concern over the survival of other species
upon which humans are dependent stems largely from the current overwhelming success of the
human race in controlling their own environment. However, there is at present no
biological reason to suspect that radiation protection standards which guard individual
humans against effects of radiation are in any way inadequate to protect other living
species in the environment.

The combined results from several decades of international research in radiation
biology support one simple conclusion: If one protects the individual human against
carcinogenic/mutagenic agents in the environment, one will not threaten the survival of a
whole population of any organism.
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