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Résume

Le présent rapport donne un aperçu des activités de
recherches courantes faites par la Société de recherche de
l'EACL dans le domaine des sciences de la vie. Cette recherche
est effectuée dans les deux principaux centres de recherche de
cette société: les Laboratoires nucléaires de Chalk River et
l'Etablissement de recherches nucléaires de Whiteshell. Les
sommaires couvrent les champs de recherche ci-aprês: biologie
des rayonnements, biophysique médicale, épidémiologie, recherche
environnementale et dosimétrie.
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ABSTRACT

The present report summarizes the current research activities
in life sciences in the Atomic Energy of Canada Limited-Research
Company. The research is carried out at its twu main research sites:
the Chalk River Nuclear Laboratories and the Whiteshell Nuclear
Research Establishment. The summaries cover the following areas of
research: radiation biology, medical biophysics, epidemiology,
environmental research and dosimetry.
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AECL RESEARCH PROGRAMS IN LIFE SCIENCES

1. Research in Radiation Biology

Basic research in radiation biology at AECL is directed towards a
detailed understanding of the long-term biological effects of low levels of
ionizing radiation.

When X-rays were discovered by Roentgen in 1895, they were not known to
be dangerous and people working with them took no safety precautions. The first
cancer caused by X-rays was reported in 1902. Thus ionizing radiation was added
to the growing list of agents already known to cause cancer, a list which
started with chimney soot in 1775, followed by arsenic in 1822, paraffin oil and
coal tar in 1876, sunlight in 1894, and chemical dyestuffs in 1895. This list
has since been extended to include more than 2,000 different suspected
cancer-producing agents. The most important carcinogenic (cancer-producing)
agents in North America today are probably dietary factors, cigarette smoke and
the ultraviolet component of sunlight.

With the discovery that large doses of radiation could cause cancer the
question arose: "How dangerous are small amounts?". The effects of low
radiation doses spread over a long period of time are much too small to be
measured directly. To be safe, the assumption is made that all radiation is
harmful and that the number of cancers or genetic defects produced is
proportional to the total dose. This assumption was introduced into radiation
biology more than 20 years ago; in more recent years, the same reasoning is
being applied to most other agents that may cause cancer. It should be
recognized that ionizing radiation is not a very efficient carcinogen.
Internationally accepted estimates state that a maximum of 10 to 20 cancer
deaths per year per million people might be caused by the natural annual
radiation dose of 100 units (millirem) per person. In other words, less than
one percent of all fatal cancers can be attributed to the natural radiation
level of 100 dose units per year.
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Present risk estimates are based largely on results at high radiation doses
and high dose rates where measurable effects of radiation can be observed. The
appropriateness of the standards of radiation exposure which have been set for
protection of the health of radiation workers and of the general public depends
upon the reliability of the estimates of biological effects. There are some
uncertainties involved in the extrapolation of the estimates from high doses
down to very low radiation doses at low dose rates where there are no measurable
effects. A continuing program in basic research is therefore being carried out
in many countries to make certain that we are able to evaluate what the
long-term biological effects of low radiation doses are.

In Canada, the main responsibility for carrying out research into
biological effects of radiation has been borne by Atomic Energy of Canada
Limited (AECL) at two sites, Chalk River Nuclear Laboratories (CRNL) and
Whiteshell Nuclear Research Establishment (WNRE). This type of research dates
from the very beginning of the Canadian atomic energy project. AECL attempts to
cover as many aspect of radiobiology as financial constraints permit; the two
AECL groups have therefore concentrated on different but complementary areas.
The primary focus of the radiobiology group at CRNL has been the process of
repair of radiation damage in living cells, and its consequences for the late
effects of radiation; the primary strength of the radiobiology group at WNRE has
been the study of much earlier processes, with an emphasis on radiation
chemistry and biophysics. Thus, the two radiation biology groups cover all
research aspects ranging from the deposition of radiation energy in experimental
systems to the develdpment of late effects in living organisms.

When viewed in perspective, the total Canadian contribution to the
field of radiation biology is necessarily rather small, particularly in
comparison to that which is carried out in western Europe and the U.S.A.
However, it is thought that by continuing to concentrate our area of concern
judiciously, the two groups at CRNL and WNRE will continue to perform their dual
functions of (a) imprcing our understanding of the biological hazards of
ionizing radiation, and (b) of keeping up-to-date with current International
advances on this subject.
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(a) Radiation Biology at CRNL

As noted earlier, the basic purpose of this research is to provide a

better understanding of the reasons why radiation causes various harmful effects

in living organisms and to continue- to ensure that radiation standards for

health protection are in fact safely derived. Radiation effects are studied

with a variety of living organisms using advanced techniques in genetics and

molecular biology, in order to be certain that we understand the effects upon

other living organisms in our environment as well as the effects upon humans.

The living organism is a very complex assembly of molecules in which a

wide variety of chemical reactions are carried out (Fig. 1). The principal

sensitive target for radiation, particularly at non-lethal doses, is believed to

be DNA, the genetic material which is present in all living organisms and which

carries inherited instructions for all life processes. Damage to DNA in

reproductive cells may cause mutations which show up in future generations while

damage in other cells of the body may eventually lead to cancer in the exposed

individual (Fig. 2). It is known that most living cells have the capacity to

repair some or all of the damage to this vital cell component. Work in the

Radiation Biology Branch has dealt with both the nature of induced DNA damage

(Fig. 3) and the response of cells as they attempt to repair this injury.

Underlying research on structure and normal function of DNA is also carried out

to support research on radiation effects.

Studies with microorganisms have provided increased understanding of

the influence of hereditary deficiencies in DNA repair systems on radiation

effects. Research programs in this area are being actively continued at CRNL.

In recent years, deficiencies in DNA repair systems have been found to be

associated with certain rare hereditary diseases in humans. The individuals

with these hereditary deficiencies are more prone to the development of cancer

than are most persons in the population. Cells from these individuals are

frequently somewhat more sensitive than normal to the effects of radiation (Fig.

4) and of certain carcinogenic chemical agents. Thus the chance of developing

cancer may depend not only on the amount of carcinogenic agent to which a person

is exposed but may also be affected to some extent by the genetic

characteristics of the individual. This research program has attracted
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considerable international attention and is currently being supported at CRNL by

funds from the U.S. National Cancer Institute as well as by AECL.

Other research programs are concerned with the biological interactions

between ionizing radiations and environmental agents such as ultraviolet light,

cigarette smoke condensate, nitrite, caffeine, urethane, etc. Research in this

area using microorganisms is designed to improve our understanding of the basic

mechanisms of these interactions and the influence of DNA repair processes. The

accompanying studies with animals are intended to find out how these environ-

mental agents can change the probability that a given dose of radiation will

induce a cancer (Fig. 5). The carcinogenic hazards of radiation in humans are

estimated from known effects in human populations who were exposed to high

radiation doses in the past and who were presumably also exposed to all the

normal environmental agents to which other humans have been exposed over the

past 30 years. However, a number of questions remain unanswered. For example,

will cigarette smoke or increased levels of combustion products in the urban

atmosphere increase the carcinogenic effects of radiation? How are the effects

of radiation likely to be altered by the introduction of chemical agents into

the environment? The research program described above is thus designed to

improve our understanding of potential radiation hazards in various working

environments as well as in particular environments which may change in the

future.

A plot of radiation dose against the probability of producing a given

biological effect is known as a "dose-effect curve." An understanding of the

shape of dose-effect curves is of crucial importance in extrapolation from known

radiation effects at high radiation doses down to predicted effects at low

levels of radiation where these effects are much too small to be measured. A

considerable portion of the research at CRNL is therefore devoted to an

understanding of the effects of DNA repair processes on the shape of dose-effect

curves. In general, the dose-effect curves for genetic changes and carcinogenic

effects produced by sparsely ionizing radiations such as X- or gamma-radiation

tend to curve upwards at high dose-rates and to be linear at low dose-rates,

while the dose-effect relationships for densely ionizing particles such as

neutrons tend to be linear at all dose-rates, particularly at low doses.

Currently, increased attention is being devoted both at CRNL and at WNRE to a
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comparison of dose-response relationships for the effects of X- or

gamma-radiation and of tritium beta-radiation. To date, no evidence has been

found to suggest that the effects of beta-radiation will be different from those

of X- or gamma-radiation, but this area is being kept under continuous review by

the research personnel involved.

(b) Medical Biophysics at WNRE

The long-term goals of research at WNRE are naturally similar to

those described for CRNL but the emphasis of effort is different. The Medical

Biophysics Branch has concentrated research efforts on the very early events in

living cells following exposure to radiation. The aim is to understand the

initial physical events (for example, the production of "free radicals")

resulting from the radiation and to determine the nature of the initial chemical

damage which they produce in living cells. The free radicals responsible for

damage to biological molecules during exposure to ionizing radiation may also be

involved in cancer induction by sunlight and by certain chemical agents. The

role of naturally occurring enzymes (such as superoxide dismutase and

peroxidase) is being studied to learn how these enzymes can protect biological

structures from being damaged by the highly reactive free radicals (Fig. 6).

Another area on which the WNRE group has concentrated is research on

membranes. Membranes are important in cell function by controlling exit and

entry of important food-stuffs, waste products, minerals and water while at the

same time retaining macromolecules such as DNA and proteins (Fig. 1). Damage to

membranes may play a role in producing delayed effects. For example, free

radicals captured in the membrane could be transferred to DNA, or damaged

membrane could allow harmful constituents such as carcinogens to enter and

interact with important cellular constituents, resulting again in damage to DNA.

Model membranes prepared from biological material have been used to study

chemical effects of low doses and low dose rates as well as to compare the

effects of X-rays with those of tritiated water. The results of this basic

research on model membranes is being applied to radiation protection of living

cells and animals.

There is a considerable gap in scientific knowledge between our

understanding of the production of pre-cancerous lesions in biological molecules

by various agents and the actual appearance of a cancer several or more years
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later. One method of exploring the events which occur in this interval is to

study the transformation of normal mammalian cells in tissue culture into

potentially cancerous cells which grow rapidly in a test tube. A portion of the

research effort at WNRE is therefore concerned with this process of

transformation of normal cells to potentially cancerous cells. The areas that

are currently being explored include the relationships between cell transform-

ation and (a) the ability of the cells to repair radiation damage to their DNA,

(b) the activation of latent viruses in the cells, and (c) the activation or

repression of genetic information carried by the cells.

(c) Epidemiology of Radiation Workers

Satisfactory safety standards depend on knowing the risks to man at

various exposure levels. This is true not only for radiation but more generally

for chemical agents that cause cancer or other harmful effects. For this reason,

investigators at CRNL have taken a special interest in the potential value of

existing routine health records (e.g. death registrations, hospital discharge

summaries, and registers of special diseases) which contain diagnoses of cancers

and of hereditary conditions. These records could be used to determine whether

or not members of an "exposed" group suffer delayed harm from their exposure.

Computer methods developed by CRNL staff have made it easier and less costly to

search the records of human populations exposed to various working environments,

or to medical X-rays, for medical information concerning subsequent harm.

Strict precautions are taken so that no personal identification and no

breach of privacy is possible. Currently our computer methods are being used by

the National Cancer Institute of Canada, in collaboration with Statistics

Canada, to follow up large populations of employees in various Canadian

industries, and large numbers of persons who received repeated fluoroscopic

X-ray examinations some decades ago in the course of treatment for

tuberculosis.

By using these computer methods to reduce the costs and increase the

sizes of the populations that can be followed up, it is expected that much

better human risk data can be obtained cm which future safety standards in many

industries may be based. Thus, an emphasis on radiation safety has led to

methods for obtaining information on the hazards of less well-understood

industrial chemicals.
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It is known that variations in natural radiation levels between 0.1 and

0.2 rem (100 and 200 mrem) per year do not cause any measurable harmful effects

upon the health of people (Fig. 7). However, radiation workers are frequently

exposed to much higher radiation levels in the region of 0.5 to 5 rem (500 to

5000 mrem) per year. Data from nuclear power plants and reprocessing facilities

in the U.K., the U.S.A., and Canada have indicated that the health of radiation

workers in these establishments is at least as good as that of workers in other

safe industries and is better than the health of the average person of the same

age and sex in the general population (Fig. 8). Similar follow-up studies of

AECL employees have been started. At present, WNRE and CRNL are cooperating

very closely to follow up the health of all AECL employees, with special

emphasis on the health of radiation workers in AECL. This study is currently

bein : carried out in cooperation with provincial registrars, Statistics Canada,

Hea. - and Welfare Canada and agencies such as the National Cancer Institute of

Canada.
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FIG. l

Simplified diagram of one of the billions of cells which together
constitute a living animal. The hereditary instructions for life
processes are encoded in the DNA in the cell nucleus. A temporary
copy of these instructions (messenger RNA) 1s utilized to direct
the synthesis of proteins on the ribosomes. Most of the energy
required for life processes is produced in the mitochondrion. The
plasma membrane surrounds the cell and regulates entry of materials
from the surrounding environment.
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DNA - The Genetic Material

DNA carries the hereditary information for all
life processes

Approximately 100,000 separate instructions are
encoded in the DNA of each human cell.

Errors in these instructions can lead to cancers
and hereditary changes.

Errors are introduced into the DNA by spon-
taneous events, by environmental chemicals, by
certain viruses, by sunlight (skin only) and by
ionizing radiations such as X-rays.

Natural radiation levels are responsible for less
than 1% of the errors which result in cancers or
hereditary diseases in human populations.

FIG. 2



FIG. 3 Samples of DNA from cultured cells which have been exposed to gamma-
radiation or to toxic chemicals are being placed in an ultracentrifuge
in order to measure accurately the amount of damage produced in the DNA.

o
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FIG. 4

Effects of exposure (in a nitrogen atmosphere) to varying doses of
gamma-radiation on cultured skin cells from five normal persons and
from nine persons suffering from the rare hereditary disease ataxia
telangiectasia (AT). The cells from AT patients are more sensitive
than normal cells to gamma-radiation. This increase in sensitivity is
attributed to a hereditary deficiency in the repair of DNA damage
by the cells, and is associated with a variety of unpleasant
clinical conditions including a predisposition to development of
cancer at an early age.



FIG. 5
A section of rat tissue is being examined under the

microscope for evidence of cancer.
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FIG. 6

An oxygraph is used to measure the oxygen uptake of

mitochondria after treatment with superoxide dismutase.
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FIG. 7

Mortality of different portions of the U.S. population living 1n areas
of the U.S.A. vyith appreciable differences in natural background radiation
levels; data derived from Frigerio and Stowe, pp. 385-393 1n vol. 2 of
IAEA Symposium on Biological and Environmental Effects of Low-Level
Radiation (1976). Evidently small Increases in natural radiation levels
have not produced any measurable harmful effects upon the health of human
beings.
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MORTALITY OF ONTARIO HYDRO EMPLOYEES 1970-1978
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FIG. 8

Mortality of Ontario Hy^ro employees as compared with that expected
for persons of the same age and sex in the general population; data
derived from 5th Annual Report to Ontario Hydro by T.W. Anderson
(1979). Controlled occupational exposures to radiation in a CANDU
nuclear station have not had any detectable harmful effects upon
the health of these employees.
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2. Environmental Research

The bulk of the radioactive elements produced by nuclear power

reactors remains locked in the fuel bundles and only small amounts of

radioactivity are discharged into the environment. Most of them disappear by

radioactive decay in a short period of time, but some, like the fission products

strontium-90 (90Sr) and cesium-137 (137Cs), decay slowly and

constitute a potential hazard if they reach the environment in excessive

amounts. Also, some of the products have very long lifetimes, e.g., the

transuranic elements, plutonium and americium, and can be around for many

thousands of years. The Canadian Waste Management Program has been established

to provide for the safe permanent disposal of Canada's nuclear fuel wastes.

This comprehensive research program includes Environmental Research as an

indispensable component. Furthermore, the safe operation of nuclear power

reactors and other facilities involving radioactivity also depends on the

ability of Environmental Research to predict the consequences of hypothetical

releases of radioactivity and thereby derive acceptable release limits.

AECL's environmental research program is concerned with how

radioactivity moves through the environment, its concentration by plants and

animals, and its effects on living organisms. The geographical locations of

both the CRNL and WNRE research sites provide unique opportunities for research

studies of this kind in that both short- and long-term experiments can be

carried out at field stations with natural terrestrial and aquatic ecosystems.

There are a number of other places in the world where similar research is being

carried out. AECL environmental scientists keep in touch with this work by

visits, exchanging information, attending conferences and participating in

specialist working groups on both national and international levels. The

research laboratories and field facilities at both WNRE and CRNL are used by

visiting scientists from other Government departments and from universities in

the course of collaborative studies on problems that are of mutual interest to

the visitors and to AECL.
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(a) Environmental Research at CRNL

The main location for CRNL research into the movement of

radioactivity through the environment is the Perch Lake Basin (Fig. 9). This

area contains two disposal sites where low level radioactive wastes from AECL

operations has been deposited since the late 1940's. During that time small

amounts of radioactivity have migrated through the surface and ground water

systems to other areas of the basin, including Perch Lake, and have provided a

unique opportunity to study the behaviour of radioactivity in natural

ecosystems.

The migration rates of radioactive elements in groundwater are

influenced by the geochemistry of the system through which the water travels.
Of particular interest is the movement of the radioactive atoms of 90Sr and
13?Cs because they are of biological importance in that they are both
assimilated by living organisms and retained in their tissues for a long time.
CRNL research has shown that 90Sr and 137Cs are delayed in the sandy
aquifers of the Perch Lake Basin so that their rates of movement are much less
than that of the transporting groundwater. For 90Sr the migration rate is
3% of that of groundwater; for 137Cs i t is only 0.3$. The entire area of
the Perch Lake Basin is monitored for radioactivity and a detailed investigation
of the physical and chemical characteristics of the basin is in progress with a
view to predicting radioactivity migration rates and the environmental Impact of
waste disposal operations. This long-term program will eventually yield data
for the testing of computerized models capable of predicting the fate of
radioactivity when i t enters the biosphere. These studies are directly
applicable to AECL's waste-management programs, not only for high-level wastes
but also for Intermediate and low-level radioactive waste disposal sites.

Associated with the above program is an experiment started In 1959 in
which high-level waste fission products were Incorporated 1n nepheline-syenite
glass blocks and burled beneath the water table In the Perch Lake Basin.
In a continuing study since that time the leaching of the radioactivity
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from these blocks has been measured and the migration rates of the released

radioactivity have been followed.

Although groundwater has flowed past the blocks for more than 20 years

the amounts of radionuclides released to the soil are small, being less than

0.0003% of the total amount of originally buried. Because of the high retention

of radioactivity demonstrated by this type of glass, much larger quantities of

solidified radioactive wastes could be buried without exceeding derived release

limits of these radionuclides.

Perch Lake water contains very small amounts of radioactive 60co

and 90Sr introduced by migration from the waste disposal sites. It also

supports a rich population of plant and animal life. In 1955 research began at

CRNL into the processes that distribute radioactivity throughout a lake

ecosystem. Much of the 60co and
 90Sr entering the lake is adsorbed by

organic particles and deposited on the lake bottom, but some remains in solution

and is taken up by vegetation and animals living in the lake water. Figure 10

shows a typical food chain in a freshwater lake. CRNL research on 6 0 Q 0

and 90$r transfer through these food chains shows a progressive decline of

both these radioactive isotopes, and their stable counterparts, as they move to

higher levels of the food chains; in other words top predators, such as

carnivorous fish, have lower concentrations per unit body weight of radioactive
60Co and 90Sr than do forage fish, insects and plants. Biodiscrimin-

ation, the process by which living organisms reject one chemical element in

favour of another, plays an important role in the accumulation of radioactivity

by organisms. Our research dealing with the role of calcium in the uptake and

accumulation of radioactive strontium has shown that uptake and excretion sites

in fish, i.e., gills, gastro-intestinal tract and kidneys, differ in their

biodiscriminatory ability, but in general, the atoms of uncommon elements such

as strontium are discriminated against relative to nutrient elements like

calcium during biological uptake. This research contributes to the

understanding of the processes that control the environmental capacity of

freshwaters to accept radionuclides, not only in Canada but elsewhere in the

world.
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There are a number of isotopes, both radioactive and stable, that are

widely distributed in the environment and can be used to study environmental

processes. We have utilized natural and fallout isotopes such as deuterium,

tritium, carbon-14 and oxygen isotopes (^0 and *%)) to study surface

and underground water movements and origins. This research, carried out in

collaboration with several universities and government agencies, has been

applied to such diverse problems as the hydrological cycle of the Ottawa

Valley, the mixing of freshwater and sea water in the Gulf of St. Lawrence and

the origin of floodwaters in underground mines.

The development of better procedures for radiochemical monitoring,

particularly for the determination of heavy elements in environmental samples,

is part of the on-going research into the improvement of environmental methods.

For example, radium and thorium are important contaminants of low-level wastes

from Port Hope, Ontario, which have been brought to CRNL for disposal. Other

non-radioactive contaminants are arsenic and heavy metals. Studies of methods

of stabilization, and retention of these contaminants by soil, are being carried

out. on these wastes.

CRNL is investigating the feasibility of using the non-radioactive

heated effluent ('low-grade' heat) from CANDU reactors to increase the growth of

aquatic biota. One way by which this could be achieved is by growing small

one-celled organisms (algae) in nutrient-enriched waters heated by effluent from

power stations. Algae are a primary food source for animals higher up the food

chain (i.e., zooplankton, amphipods and fish), therefore an increased algal

production results in increased growth and abundance of fish. The end result is

to produce a food that is acceptable for human consumption. At Maskinonge Lake

field station, CRNL research has continued over the past ten years to establish

the essential biological data for food production by the utilization of waste

heat.
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FIG. 9.
The Perch Lake Basin showing location of Waste Management Areas A and B.

Boundary of basin is shown by dotted line.
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(b) Environmental Research at WNRE

Research on the movement of radionuclides through the terrestrial

environment and the effects of radiation on natural populations have been the

main interests at WNRE. To an increasing extent, research in recent years has

been related to work undertaken in support of the AECL Waste Management Program,

that is the disposal of high-level wastes, either as irradiated fuel or

separated fission products, in a deep rock repository in the Canadian Shield.

All possible routes or pathways for radionuclide migration from the rock

repository to the biosphere are being studied. Models of these pathways are

being developed for the movement of radionuclides through the food chain to man

in the context of Canadian environmental conditions.

Two studies, not directly related to the Waste Management Program, are

being carried out on the effects of ionizing radiation on plants and animals in

the environment. These are the FIG (Jjeld Jrradiator Gamma) and ZEUS

^Zoological Environment Under Stress) projects. The emphasis is on studies at

the community and species level rather than on cellular and subcellular

effects.

(i) FIG Project

The aim of the FIG project (Fig. 11) is to detect any ecological

changes in plant communities that are being continuously irradiated. Part of

the natural forest, 1 kilometre in diameter, was enclosed with a fence and a

large radio-cesium source was placed in the centre on a tower. The annual doses

in the FIG area range from approximately 460,000 x background near the centre

to approximately 35 x background near the fence. Since 1973, when long-term

irradiation studies began at WNRE, observations of radiation effects have been

continuously recorded. Changes in plant communities, due to radiation, have

been increasing each year of observation. These changes have been followed by

secondary effects on plant species composition and numbers due to changes in the

tree cover.
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The most radiosensitive of the trees are jack pines but all species

in the high radiation area showed effects of dose accumulation as the project

continued. Irradiation of the area will continue until an equilibrium is

established, when irradiation will be stopped and study of the recovery phase

will begin.

FIG offers a unique opportunity to study the effects of chronic

irradiation on the mechanisms limiting the size of insect populations. Insect

species living in stands of aspen, balsam fir, jack pine and paper birch growing

in the FIG area have been observed for ten years after Irradiation was started.

Although these insect species have been exposed to radiation levels 1000 to

50,000 times background no effects directly attributable to radiation have been

observed.

Overall the FIG forest area has become progressively dissimilar

from its original structure because of changes 1n plant species, species numbers

and number of individuals due to primary and secondary radiation effects.

Productivity generally decreases with increasing radiation dose but the response

depends on the species involved.

(ii) ZEUS Project

The goal of the ZEUS project (Fig. 12) is to identify the lowest

level of chronic exposure to ionizing radiation at which there occurs

demonstrable effects on population structure. It involves Irradiation of

natural populations of meadow voles. The basic design Involves the use of three

experimental meadows, one being Irradiated (the annual dose Initially being

about 12,000 times background), and the remaining control meadows being exposed

to annual doses of about 10 to 100 times background. In subsequent experiments

the radiation exposures to the meadows would be at lower and lower levels until

a level 1s found with no apparent effects. The radiation facility 1s

transportable, hence results obtained from one population can be replicated

using another population Inhabiting a different meadow. Since many of the

events in the population take place with an annual cycle, the experiments



will proceed on a yearly rotational basis. At the end of a year animals can be
removed from the meadows and differences in size, population numbers, body
composition and other biological parameters can be determined. Nutritional
deficiencies, if any, will be correlated with botanical studies to determine
whether radiation-induced effects on plant productivity have deprived the
animals of adequate food. Continuous measurement of meteorological variables
will permit assessment of the interaction of weather and radiation on the vole
population. Most of the preliminary work for the installation of ZEUS has been
completed; the fence, power line and portable control building are completed,
and the irradiator is undergoing final checks to provide the desired uniform
radiation field.

Projects, such as FIG and ZEUS are important to radiation research
because only carefully controlled experiments in which natural populations are
exposed to long-term irradiation as well as the results of laboratory
experiments can lead to a more confident assessment of the chronic effects of
radiation on the environment.



FIG. 11.
Workers examining irradiated plants in the FIG area.

Notice Central Source.



FIG. 12.
Worker placing a small mammal trap in a shelter in the ZEUS area.

Note marker stake where dosimeter is attached.
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3. Radiation Dosimetry

The effects of radiation on man and on other living species of the
world both terrestrial and aquatic, including growing forests, crops and other
vegetation, can only be evaluated if we have the means to measure radiation
doses. The doses of workers who are exposed to radiation must be measured so
that the accumulated totals can be kept as low as possible and within acceptable
limits.

Methods and instruments to measure both doses and dose rates from
radiation sources and the concentrations of radioactivity in air are developed
so that these objectives may be realized. This branch of the subject is known
as external dosimetry. The techniques of internal dosimetry are used to
estimate the amounts of radioactivity that have been retained in the body, e.g.,
as a result of breathing air containing radioactive substances.

(a) External Dosimetry

Radiation, not discernible by the exposed individual, produces
detectable physical and chemical phenomena in gases, liquids and solids which
may be used to obtain estimates of radiation doses. The physical phenomena in
particular allow the detection of very small doses.

At the Chalk River laboratories radiation dosimetry research is carried
out on a range of topics of interest in the nuclear power program. To measure
gamma radiation doses the phenomenon of thermoluminescence is used. Radiation
absorbed by certain crystalline substances, for example lithium fluoride, is
stored in the crystal lattice structure. If the crystal is heated later to an
appropriate temperature it releases light whose intensity is a measure of the
radiation dose. Every worker and visitor to the laboratory wears a dosimeter
badge containing lithium fluoride crystals (see Fig. 13) which permit estimates
to be made of the doses received by the whole body and the skin of the wearer.
This dosimeter and an automatic instrument for reading up to one hundred
dosimeters per hour were designed at Chalk River and are now used to measure the
doses received by radiation workers throughout Canada. Current work is directed
towards improving the sensitivity and reproducibility of the technique to permit
the measurement of even the small doses which result from natural background.
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It is also necessary to measure the rate at which radiation doses may

be received in working areas so that work can be planned to avoid unnecessary

exposure. At Chalk River, semiconductors and scintillators as v»ell as geiger

counters and ionization chambers have been applied to the measurement of

radiation fields from beta and gamma radiation sources. Beta radiation, the

fast electrons emitted by most radioactive substances, is not very penetrating

and is a hazard mainly to the skin. Doses are therefore best measured by a

device whose sensitive volume is in the form of a thin layer corresponding to

the layer of skin which contains the radiation sensitive cells. The objective

has been reached by using thin scintillators which emit flashes of light and

semiconductor diodes having a thin junction region which conducts electric

charges when beta rays are absorbed. By so designing radiation detectors that

are close physical analogues of the biological target of interest, in this case

the layer of germinal skin cells, the amount of radiation effect measured is a

reasonable representation of the dose received. Work in progress is aimed

towards improving the response of semiconductor detectors over wide ranges of

beta radiation energies.

Tritium, the radioactive isotope of hydrogen, is produced in the heavy

water of CANDU reactors and small quantities, in the form of tritiated water

vapour, inevitably escape into the working environment. Simultaneously,

radioactive xenon and krypton, noble gas fission products, may escape from

defective reactor fuel. Radioactive noble gases are quickly exhaled after

breathing and present a much smaller radiological risk than water vapour,

containing tritium oxide, which is easily absorbed and retained by man. There-

fore, special techniques have been developed and are being refined to permit the

separate detection and measurement of these gaseous radioactivities.

A similar problem exists in fuel development laboratories where it is

necessary to measure the concentration of plutonium in air containing

naturally occurring radon which is biologically much less significant. The

problem has been solved by using semiconductor detectors that can detect the

differences in energy between the alpha particles emitted by plutonium and those

from radon and its daughter products.
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Naturally occurring radioactivity in rocks and minerals varies widely

from place to place so that when houses are built using these materials in

concrete and plaster the occupants may receive much larger radiation doses than

if they lived out-of-doors. Radon, a naturally occurring radioactive gas which

escapes from building materials is one component of this additional radiation

dose, the other is the gamma radiation from the rocks and minerals. Radon

concentrations in houses depend strongly upon ventilation rates, the type of

heating system used and even changes in atmospheric pressure. An instrument for

measuring average concentrations of radon over periods of days to weeks has been

developed at CRNL and permits assessments of the need for remedial action to be

carried out.

Neutrons having a wide range of energies may be produced by

accelerators, reactors and special mixtures of radioactive substances and low

atomic number elements. Measurement of doses from neutron sources is

particularly difficult since no single detector has been found to have a

response which matches the biological effect of neutrons. Some detectors are

highly sensitive to low energy neutrons and have negligible response to high

energy neutrons, and others have the opposite characteristic. A particular

aspect of neutron dosimetry which receives much attention at CRNL is the

development of techniques to measure the doses which would be received in an

accidental critical assembly of fissionable material - in effect a rudimentary

reactor without shielding or controls - which could occur in a reactor fuel

production facility. The solution to this difficult problem in dosimetry is

approached by combining the information obtained from several neutron detectors

having different response characteristics with the results of calculations of

the spectrum that any particular assembly is most likely to produce. If a

sufficient number of detectors is used then it is possible to estimate with some

confidence the most probable dose which has been received. The task is made

particularly difficult since a critical assembly accident inevitably occurs

without warning and it is generally next-to-impossible to recreate the exact

situation to measure again the doses resulting from the incident.

The methods used for the measurement of radioactivity and radiation

doses have much in common whether the purpose is for radiation protection,

research, medicine or industrial applications of radioisotopes. However in
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radiation protection work it is often necessary to make measurements in a harsh

environment. This need requires a continuing effort on the development of

simple, inexpensive and easily maintained monitoring equipment. A recently

developed instrument meeting these requirements in which the concentration of

tritium in air is measured using an ionization chamber is shown in Fig. 14.

(b) Internal Dosimetry

The Chalk River Nuclear Laboratories has about a third of its twenty-

three hundred employees potentially at risk to internal contamination by

radioactive substances, for example, uranium and the transuranium elements used

for, or produced in, nuclear fuels, isotopes such as 1 2 5I and ^9Mo

that are produced for sale, and the fission and activation products produced by

research reactors.

The Biomedical Research Branch has the responsibility of estimating

doses to organs and tissues of individuals following intakes, or suspected

intakes, of radioactivity both at CRNL and at the Radiochemical Company, and

ensuring that these doses are kept to a minimum. It also has the requirement to

provide research and development in internal dosimetry monitoring and modelling

to improve internal dose estimation procedures for radionuclides associated with

present and proposed nuclear programs in Canada. The Medical Biophysics Branch

has a similar responsibility at WNRE but on a smaller scale.

Radiochemical analysis of excreta (bioassay), particularly of urine, is

one of the most sensitive and useful methods of screening employees to ensure

that they have not had an intake (ingestion or inhalation) of radioactivity. In

order to use bioassay to its full potential, reliable and sensitive methods are

required. These methods often differ from methods commonly used for extraction

because the concentration of the element being measured is usually many orders

of magnitude below that of other elements in the sample and these other elements

interfere with the extraction.

In vivo monitoring is required to complement bioassay monitoring. It is

the measurement of radionuclides in organs and tissues of individuals by

measuring externally the number and energies of the photons (gamma- and X-rays)
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that escape from the body and it requires efficient photon detectors with good
energy resolution. The 'background' counting rate should be as low as possible
and CRNL has built a special facility, using materials selected for their low
natural radioactivity, with several large well-shielded rooms that have very low
background levels (Fig. 15). Work on reducing the background count rate by
electronic techniques is continuing at CRNL. Several models of artificial
"humans" (phantoms) useful for calibration purposes are available, and work is
directed towards finding out which model is best able to duplicate the itiportant
features of humans for given radionuciides and organs.

Metabolic modelling, as it relates to internal dosimetry, is the
construction of a mathematical model that describes the uptake of a radionuclide
by organs and tissues, and its subsequent retention. Improvement of the
metabolic models for the alkaline earths (in particular, strontium, barium and
radium) and the actinides (in particular, uranium and plutonium) are two current
projects underway at CRNL.

Once the amount of radioactivity in the organs and tissues of an
individual is known from bioassay and/or in vivo monitoring, or is deduced from
a metabolic model, the resulting radiation dose can be calculated.

(c) Dose Records

Records of doses received by employees, either externally or
internally, are stored In computer files at AECL. Thus the dose received by a
worker during his employment may be retrieved, 1f needed, to verify compliance
with legal limits, for compensation and for follow-up studies.
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THE AECL PERSONAL DOSIMETER

ASSEMBLED DOSIMETER PARTS OF DOSIMETER

NUMBERS SHOULD AGREE
(IN THREE PLACES)

CATCHES

THERMOLUMINESCENT
DOSIMETERS

(PENETRATING & SKIN,)

IDENTITY CODE

INDIUM FOIL (NEUTRONS)

SULPHUR (NEUTRONS)

LAMINATED PLASTIC SHEET WITH
PHOTOGRAPH. NAME & BADGE NUMBER

OUTER CASING

WINDOW

ALUMINUM TO STOP BETA PARTICLES

THIN BLACK TAPE COVERS HOLE
OVER'SKIN'DOSIMETER

FIG. 13.

The AECL Personal Dosimeter
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FIG. 14.
Portable Tritium Monitor



FIG. 15.
A Worker is being Monitored in a Whole Body Counter
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