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Résumé

On décrit brièvement le fond naturel de rayonnement. Pour
comprendre la relation existant entre les doses et les effets,
on s'est préoccupé de leur importance et de leur répartition dans
le temps. On a commenté la façon dont sont établies les normes de
protection contre les rayonnements et les risques correspondants.
Les risques encourus pas les travailleurs et par le public à cause
des centrales nucléaires ont été placés dans le contexte des risques
provenant d'autres industries et d'autres sources d'énergie, y compris
la conservation.
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ABSTRACT

A brief description of natural background
radiation is given. To understand the relationship
between doses and effects the magnitude and distribu-
tion over time are stressed. The derivation of
radiation protection standards and corresponding risks
are discussed. The risks to the occupational worker
and to the public from nuclear power are placed in
context of risks in other industries and from alternate
energy sources, including conservation.
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HEALTH ASPECTS OF LOW-LEVEL RADIATION

A.M. MARKO

NATURAL BACKGROUND RADIATION

Just about everything in this world, whether animal, vegetable
or mineral is radioactive, and all living things are exposed to natural
radiation. Natural radiation can be of external or internal origin
The external component comes from cosmic rays and from the disintegration
of radioactive isotopes in the ground, rocks and building materials.
The internal component comes from the radioactive substances we absorb in
our food and water and in the air we breathe. The average annual exposure
from natural background is 100 mrem at sea level. (A rem is a unit of
radiation absorbed dose and 1 rem equals 1000 mrem). At higher
altitudes the exposure is greater because of the greater cosmic ray
contribution. Similarly the exposure from living in a brick or concrete
building is greater than from living in a wooden house owing to the
greater radioactive content in brick, concrete or granite.

CLASSIFICATION OF DOSES AND EFFECTS

To understand the biological effects of radiation, it is useful
to classify doses and effects into two groups. Massive acute doses,
(that is, greater than 400 rem in a short period of time), will produce
effects that are immediate or early and that are also definite, such as,
reddening of skin, burns or death. Chronic doses delivered at a low level
produce delayed or late effects that are indefinite. It is
often difficult to establish a causal relationship between low level
radiation and effects because the same effects also occur "spontaneously"
in living organisms. If the delayed effects occur in the irradiated
organism, then they are called somatic, and cancers and leukemias are
typical examples. When they are expressed in the progeny of the
irradiated organism then they are known as genetic effects and these can
be quite varied. Somatic and genetic effects are not uniquely produced
by radiation but can be induced by a large number of chemicals.

SAFETY STANDARDS

During the 1920's people using radiation, mainly radiologists,
who were aware that cancers could be produced by x-rays, at first thought
that if acute effects such as reddening of the skin was prevented, the
protection would be adequate (1). For this reason safety standards were
invoked primarily to avoid reddening of the skin. It is thus not surprising
that safety standards were based on the concept of a threshold. However,
with time, experimental work on delayed effects in animals cast doubt
on this assumption. The work by geneticists led to the concept of a
linear dose-effect relationship. Since 1959» partly as a result of
publications from Chalk River (2), the International Commission on
Radiological Protection (ICRP) has adopted the principle (3) that the
number of cancers and genetic defects caused by ionizing radiation,
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including low levels, is strictly and directly proportional to the total
dose, regardless of the size of the dose or the time over which the dose
was delivered. Based on this concept of linearity the ICRP has recommended
a system of dose limitation for occupational workers and individual members
of the public (4). There is a great deal of controversy today about
setting safety standards on the linear relationship. Many scientists
believe that this model serves to give a degree of conservatism to the
standards; in other words, it is thought that the biological effects of
low level radiation may be somewhat smaller than predicted by the linear
model. Others have challenged the validity of this assumption by postu-
lating "supra-1inearity" at low levels based on inconclusive epidem-
iological data at low levels of radiation (5). Thus it is claimed that
low doses and low dose rates are more efficient in producing delayed
biological effects than the much higher doses and dose rates to which
people were exposed at Hiroshima and Nagasaki or in studies on medically
irradiated patients (ankylosing spondylitis). These two latter studies
provide the basis for the setting of maximum permissible doses.

TABLE 1

RADIATION DOSES

Maximum Permissible Dose

1. Atomic radiation worker

2. Individual member of the
publïc

Design guideline for nuclear
power stations

mrem per year

5000

500

5
Living at the boundary of

Pickering Station

The Atomic Energy Control Regulations (6) specify the maximum
permissible doses allowed to occupational workers and individual members
of the public as shown in Table I. These maximum permissible doses are
based on ICRP recommendations. It is now common practice to design
nuclear power installations so that a hypothetical individual living at
the exclusion boundary would not receive more than ]% of the dose limit
specified for the individual member of the public. Estimates of doses to
such individuals shows that in fact the dose is below 5 mrem per year,
that is,about 1 mrem per year.
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RISK ESTIMATES

Risk estimates are derived from epidemiological data, mainly
from observations on survivors of Hiroshima and Nagasaki and on medically
irradiated patients C»,7)> For 1 rem of radiation received by each of
10,000 individuals (that is, a total of 10,000 person-rem) it is
estimated that 1 fatal cancer will result. No credit is taken for
fractionation of the dose whereby recovery could occur.

For exposures of the general population, the harm from serious
hereditary disease in the descendents, summed over all generations, is
believed to be roughly equal to that from cancer deaths, that is 1 in
10,000 for 1 rem of exposure. The risk for occupational workers is
expected to be less because the fraction of the reproductive period of
occupational workers subjected to possible exposure is shorter (that is,
between age 18 and age 30 years) compared to that of the general
population which could be from birth to 30 years of age. Furthermore,
the genetic harm that would concern the worker directly is limited to the
first two generations. Thus it is believed that for workers the genetic
harm is 20 to kOZ of the risk of radiât ion-induced cancers. These risks
are summarized in Table 2.

TABLE 2

[adapted from reference (8)]

Type of M s k

Fatal cancers

Hereditary defects

RISK ESTIMATES

General Population

1 in 10,000 per rem

1 in 10,000 per rem

Occupational Workers

1 in 10,000 per rem

0.3 in 10,000 per rem

PRACTICAL IMPLICATIONS FOR THE RADIATION WORKER

Although atomic radiation workers are allowed to receive the
maximum permissible dose of 5 rem per year, it has been found through
surveys of nuclear installations that the actual exposure averages 0.5 to
1 rem per year. The average risk could be computed from these figures,
but allowance should be made for the fact that cancer fatality decreases
life expectancy by 10-15 years, compared to 30 years lost from a fatal
accident in other industries. Adding conventional accident risks of 0.1
in 10,000 per year among radiation workers gives a total risk equivalent
to 0.A to 0.8 immediate fatalities in 10,000 per year (8).
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In North America, statistics have been compiled for risks of
fatal accidents in various industries and these figures are illustrated
in Table 3.

A figure of one fatal accident in 10,000 persons per year has
been taken as the upper limit for safe industries. Therefore, the
estimate of 0.4-0.8 equivalent fatalities in 10,000 persons per year in
the radiation industry characterizes it as belonging to a safe industry
(8).

TABLE 3

[adapted from reference (8)]

OCCUPATIONAL RISKS
(by industry)

Risks
(Fatal Accidents per

10,000 per year)
Industries

0-1

1-2

2-3

3-6

10-12

Trade
Manufacture
Service
Government

Clay and Mineral Products
Steel and Foundry
Non-Ferrous Metals and Products
Petroleum
Electrical Utilities
Cement

Surface Mining

Construction
Lumber
Railway Equipment
Quarrying

Underground Mining
Fishing, Hunting and Trapping
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The hazard of exposure to radon daughters in uranium mining is
very complicated for several reasons and will not be dealt with in any
detail in this paper. In a few countries, including Canada, where in the
past high levels of radon daughters have been present in the mines, excess
lung cancers have been observed in the miners. Currently the Atomic Energy
Control Regulations (6) permit a maximum exposure of k Working Level Months
(WLM) per year and in practice the average exposure in Canadian mines is
about 1 WLM per year. An average exposure of 1 WLM per year would be
estimated to yield 1-2 fatal cancers per 10,000 workers per year which
would be equivalent to the harm caused by 0.4-0.8 immediately fatal
accidents per 10,000 workers per year (8). Underground uranium miners,
like other miners, suffer a high rate of accidental deaths, 10 to 13
fatalities per 10,000 workers peryear, compared to the rates for other
industries as shown in Table 3- For this reason, underground mining is
a relatively high risk industry.

PRACTICAL IMPLICATIONS FOR THE GENERAL PUBLIC

As mentioned previously, the exposures permitted to the individual
member of the public is 1/10 of that permitted for occupational exposure
and equals 500 mrem per year. In practice, however, release limits give
exposures near a nuclear power plant that are less than 1% of that
permitted.

TABLE 4

SOURCES OF RADIATION

Source

Natural background

Medical diagnosis

Nuclear (future maximum)

Fallout (present)

Nuclear (1975)

Average dose
mrem/year

100

100

6
?

0.02

From Table k it can be seen that the average exposure of the
public is very small (0.02 mrem per year). In the fully expanded nuclear
industry where each person in the world is receiving 1 kW of electricity
from nuclear power, the average annual dose from occupational (2/3) plus
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public (1/3) exposures would be about 6 mrem (9). This is much smaller
than that from natural background or from medical diagnosis, each being
about 100 mrem per year. Fallout, from nuclear testing, continues to
decrease and is about 1 mrem per year.

For society as a whole we can calculate the harm or total
number of casualties that might be associated with the production of
electricity from nuclear power. These estimates are for releases from
the complete nuclear cycle including all releases from mining, milling,
fuel fabrication, power stations, reprocessing, transportation and
waste disposal. The annual number of fatalities expected from the
production of electricity to supply a city of a million people with 1 kW
per person for a year (= 1000 megawatt years) is about 1 to 3 (see Table 5).

TABLE 5

[taken from reference (8)]

SERIOUS EFFECTS PER 1000 MW-YEAR FROM NUCLEAR POWER
(complete fuel cycle including reprocessing)

Reference

NEA 1976

GESMO 1976

WHO 1977

Inhaber 1978

AMA 1978

UNSCEAR 1977

Kind of Effect

Cancer deaths
Hereditary
Accident deaths

Cancer deaths
Hereditary
Accident deaths

Cancer deaths
Hereditary
Accident deaths

Disease
Accident deaths

Disease
Accident deaths

Cancer deaths
Hereditary
Accident deaths

(per

0.
0.

0.
0.

Number
1000 MW-year)

1.0
1.3
0.8

0.4
0.5

<0.5
<0.5
0.5

16-0.95
1 -0.6

025-0.7
02 -0.4

O.3-O.6
0.2-0.4

Total of
all kinds

(per 1000 MWyear)

3.1

0.9W

<1.5

0.3 to 1.6

0.045 to 1.1

0.5 to 1(+)
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RISKS OF ALTERNATIVES TO NUCLEAR POWER

Coal has been and is being used to generate electricity. For
the future it is at times proposed that the use of coal should be increased
for this purpose in preference to nuclear power. The combustion of coal
produces chemicals such as oxides of sulfur and nitrogen, benzpyrenes,
heavy metals and radioactive fly ash. Some of these are known cancer-
producing agents. No official risk estimates for cancer production have
been given for these products of coal-burning. Myers (10) has made some
initial estimates of the number of cancers produced by emissions of
benzpyrene and sulfur/nitrogen oxides from coal-fired stations. These
estimates are based mainly on the known lung cancers associated with
cigarette smoking and with urban air pollution. The results indicate
that the annual number of cancers and hereditary defects in the general
population per MW year from coal-fired stations could be 100 times
greater than the yield from an increment of 0.5 mrem near the nuclear
power station. This estimate is supported by the American Medical
Association which issued a report claiming that coal is 100 times more
dangerous than nuclear power as a source of energy (11).

Estimates made by Inhaber suggest that electricity generated
by natural gas or nuclear power is safer than that generated by oil,
solar, coal or wind. Inhaber's report has been criticized heavily in
some circles with respect to solar and wind power (other estimates for
coal, oil, natural gas and nuclear are similar to those given by Inhaber),
but it should be remembered that he was the first person to carry out an
analysis of the comparative risks of alternate sources of energy. Such
comparisons are badly needed and we can look forward to similar analyses
by others in the future now that Inhaber has published his data in an
international journal (12).

There is strong pressure in Canada and elsewhere to reduce
our energy through conservation. However, measures introduced in a house
to prevent heat loss by the reduction of leakage and ventilation could
result in an increase in radon daughter products in the house. An
estimate has been made that if the ventilation rate in a typical house
was reduced from 1.0 to 0.>l room changes per hour, the radon daughter
concentration could rise more than tenfold, and may exceed the maximum
level recommended in Canada. If the risk factors obtained from epidem-
iological studies on uranium miners were applicable to the general
population then such an increase in radon daughter products would give
a pr̂ .'j?ble increase in the incidence of lung cancer of about 1001 (8).
This estimate may be too high or too low since factors such as diesel
fumes, dust levels, smoking and age may not be adequately evaluated in
the two different populations, that is miners versus house dwellers.
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