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L'ENERGIE ATCMIQUE DU CANADA, LIMITEE

Recherches actuellement effectuées au Canada sur les
effets biologiques des rayonnements ionisants

par

A.M. Marko

Résumé

On a dressé la liste des travaux de recherche actuellement effectués au
Canada sur les effets biologiques des rayonnements ionisants. Cette liste a
été établie en fonction de la structure (des modes d'essai) et du type des
effets. On a estimé les dépenses faites pour ces activités en partant de .
plusieurs hypothèses. On a répertorié les organismes qui financent ces activi-
tés de recherche et on a fait une distinction entre les recherches effectuées
dans les laboratoires gouvernementaux et celles faites dans les universités.
Dans la mesure du possible, des comparaisons ont été faites pour connaître les
différences et les similitudes existant entre le Canada et les Etats-Unis, en
ce qui concerne les recherches radiobiologiques. Ces comparaisons ont montré
que les recherches radiobiologiques canadiennes sont insuffisantes. On a
indiqué, autant que possible, les points forts et les points faibles des pro-
grammes de radiobiologie. La plus prometteuse voie à suivre pour le Canada est
de financer adéquatement les études fondamentales touchant les effets biologi-
ques des rayonnements.
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OF IONIZING RADIATION

A.M. Marko

ABSTRACT

A survey of current research in Canada on the biological effects of
ionizing radiation has been compiled. The list of projects has been class-
ified according to structure (organizational state of the test system) as
well as according to the type of effects. Using several assumptions, ball-
park estimates of expenditures on these activities have been made. Agencies
funding these research activities have been tabulated and the break-down of
research in government laboratories and in academic institutions has been
designated. Wherever possible, comparisons have been made outlining differ-
ences or similarities that exist between the United States and Canada con-
cerning biological radiation research. It has been concluded that relevant
research in this area in Canada is inadequate. Wherever possible, strengths
and weaknesses in radiation biology programs have been indicated. The most
promising course for Canada to follow is to support adequately fundamental
studies of the biological effects of radiation.
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INTRODUCTION

At the request of the Canadian Nuclear Association, a survey of current

research on the biological effects of radiation was initiated in December 1978.

A circular letter was sent by the author to university departments, research

institutes, provincial and federal organizations and agencies which grant funds

for research. Information concerning radiation research activities was requested.

The investigators were asked to supply titles of their research projects while

the agencies supporting research in this field were asked to supply the names of

the investigators and the corresponding titles of research projects. A majority

of replies supplied additional information in the form of abstracts, outlines of

projects or reprints of completed work. In one instance a computer search o^ the

National Research Council Directory was made to obtain the list of projects and

names of investigators in this field that were supported by the Natural Sciences

and Engineering Research Council of Canada. Because of the shortness of time,

particulars such as man-years of effort, the amount of funds supporting each

project, and the source of funds were not asked for. In many replies some of

this information was given and the agencies supporting various investigators

were obtained from the Reference List of Health Science Research in Canada

1978-79 (1) kindly supplied by the Medical Research Council. For reasons given

above and the likelihood that some researchers have been missed, this report

should be regarded as preliminary. It has been decided that additional effort

to obtain the missing data is probably not warranted at this time because more

complete information would be unlikely to change significantly the overall

assessment of the state of radiation research in Canada as presented here.

Obviously a more comprehensive report could be produced at some later date,

after a more thorough follow-up, but the present report is thought to include

most of the current research on biological effects of radiation.

The classification of the projects according to structure is given

in Appendix 1. Work on the biological effects of radiation has been classified

as follows:
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A. DNA Studies

B. Molecular Studies

C. Mammalian Cell Studies

D. Animal Studies

E. Human Studies

F. Plant Studies

This kind of classification is directly attributable to the author's preference.

In a field as diverse as the biological effects of radiation, involving many

different disciplines, it is unlikely that any classification would gain

universal acceptance. Thus, DNA and molecular studies could be classified

again as to whether they were carried out on viruses, bacteria, yeast or other

prokaryotic or eukaryotic eel is. Note that in the above classification DNA has

been given a separate category because of its outstanding biological importance,

and molecular studies include other important cellular constituents, such as

enzymes and membranes. In Appendix 2, the projects have been re-classified

according to effects to illustrate the type of research carried out in Canada.

But, even here, some projects could conceivably be placed in multiple categories.

For example, a project could involve DNA mechanisms and, at the same time, this

project could be considered to have either genetic or somatic implications.

Not all of the projects that were identified in the replies were

included in this survey. The criteria used to decide whether a project qualified

as relevant to the biological effects of radiation had to include at least one

of the following:

studies of radiation-induced damage to DNA and

its subsequent repair,

binding of carcinogens or other radiomimetic agents to DNA,

effect of radiation on other important biological

molecules, such as enzymes and membranes,

- modification of the effects of radiation by oxygen or

radiosensi tizers,

production of cancers or genetic effects (including

mechanisms and dose-effect relationships),

treatment of cancers in humans,

epidemiological studies of cancers or hereditary

diseases in humans.



- 3 -

Studies of metabolism of radionuciides and the use of radionuclides

as "tracers" have not been included in this survey. Unlike the Report of

the Science Work Group of the U.S. Interagency Task Force on Ionizing Radiation (2),

this survey has not treated studies of the environmental pathways through which

the radionuciides move as appropriately belonging with investigations of the

biological effects of radiation. Pathways more properly concern releases of

radionuciides, details of their movement through environmental compartments,

routes of entry, distribution to target organs and ultimately, tissue doses.

Once the dose commitments have been derived biological effects can then be

estimated from these. Finally, work on techniques and instrumentation have

likewise been excluded from this survey.

PROJECTS

A total of 89 projects were selected for classification and inclusion

in this report. This total number is similar to that (88) obtained by Thacker

in his survey of "Radiation Biology in Canada 1962-63" (3).

Table 1

Classification According to Structure
(see Appendix l)

Category No. of Projects No. of Principal
Investigators

A.

B.

C.

D.

E.

F.

DNA Studies

Molecular Studies

Cells

An i ma 1s

Humans

Plants

16

12

21

13
22

_5

89

9.8

9.8

16.1

8.2

18.1

5

67

If the number of projects are separated only into two broad groups,

experimental and human, as was done by the United States Science Work Group (2), then in

Canada we have about 67 experimental and 22 human projects, or a ratio of

experimental to human of 3 to 1. Based on the funds allotted in the United

States to these two subdivisions ($^3,^69,000 on experimental and $17,^63,000 on

human research), twice as much is designated for experimental as for human

research.



Compared to Thacker's survey (3) there appears to be a slightly

larger proportion of effort being devoted today in Canada to studies on humans.

In Thacker's study, 18.2% of funds was allotted for human work while in the

present survey it is 2A.7% of the projects. The increased emphasis on human

studies is apparently due largely to the increased number of investigations of

lung cancer incidence in uranium miners.

FUNDING

Several investigators had more than one project; an estimate of the

number of principal investigators in charge of these 89 projects yielded a total

of 67. Assuming that a professional man-year is worth from $60,000 to $80,000

today (salary of professional + salary of technician + materials and supplies

+ equipment), then the amount of money spent in Canada on the biological effects

of radiation ranges from $4,020,000 to $5,360,000. In the 1962-63 survey (3),

Thacker estimated the total funds for biological radiation research to be approx-

imately $1,600,000. In 1962 the average individual salary of a professional was

given as $10,000 per year (3). In this survey, it is assumed that the average

salary of a professional today is about $30,000 per year. Taking a factor of 3

for inflation, the $1,600,000 figure would be more like $4,800,000 in 1979. It

seems that about the same level of funding in constant dollars for biological

radiation research prevails now, in 1978-79 as existed in 1962-63, despite the

increased sophistication and complexity of research methods used. These figures at

best should be regarded as being only crude ball-park estimates as well as rep-

resenting in all probability a rough minimum. It is felt that the funding in Canada

has been underestimated because of the probable incompleteness of the sources and

the fact that some investigators obtain financial support from several agencies.

In the United States (2), the total federal research support for studies

of biological effects of radiation in the fiscal year 1978 totalled $60,932,000,

a factor of about 10 greater than the Canadian funding estimated above. It was

expected that the United States budgets would have been proportionately greater,

in view of the discrepancy in funding for research on the biological effects of

radiation within Atomic Energy of Canada Limited and the former United States

Atomic Energy Commission (USAEC), as described by Newcombe in 1961 (4). The

discrepancies in funding between the two countries may not be as great today in

view of the fact that the corresponding current agency, the U.S. Department of

Energy (US DOE) has increased emphasis on environmental research
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as well as on studies of health effects of alternate energy sources,with a

corresponding reduction in support of research on biological radiation »

research effects. The U.S. Science Work Group (2) also admit that the sum of

$43,000,000 for experimental biological studies may be considerably under-

estimated since their listing excluded National Institutes of Health (NIH)

grants providing support to multi-disciplinary cancer research programs or

projects concerned with radiotherapy of cancers. These kinds of projects account

for about one-third of the projects included in the current survey in Canada.

Therefore, it would appear that financial support for biological effects of rad-

iation in the United States would exceed,by more than a factor of 10,the finan-

cial support of similar work in Canada.

TYPE OF RESEARCH

Canadian research projects can be re-classified according to

effects as shown in Table 2. Investigations concerning mechanism of radiation

Table 2

Classification According to Effects
(see Appendix 2)

1.

2.

3.

4.

5.
6.

7.

Category No.
Acute Effects

Mechanism - DNA

Mechanism - Molecular

Genetic Effects

Late Somatic Effects

Cancer - Mechanism

Cancer - Treatment

Total

of Projects
1

12

26

Ik

21

U_

89

effects, being mediated through DNA or other important biological molecules,

totals 38. There are 35 projects dealing with delayed effects of radiation,

14 to do with genetic and 21 with somatic end points. Of the 35 projects dealing

with delayed effects, 19 are concerned with studies on humans. Finally, there are

15 projects concerned with the mechanism of the induction of cancer and with the
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treatment of cancer. It is noteworthy that 11 projects deal with lung cancer

in uranium miners; of these, 1 project involves human tissue cultured cells while

the remaining 10 are devoted to studies on humans.

The US DOE supported biological research projects are subdivided in the Inter-

agency report (2) into three broad categories, to do with carcinogenesis, mutagenesis

and radiobiology. Of these three, carcinogenesis studies command the largest

amount of funds, about 67%. If the calculation is based on the relative

number of projects in each category, then carcinogenesis projects account for

50%, mutagenesis 23.5% and radiobiology 26.5%. Corresponding figures obtained

from the Canadian survey are: carcinogenesis 40.5%, mutagenesis 15-7% and

radiobiology (mechanisms) 42.7%- The larger proportion of funds allotted in the

United States to carcinogenesis may be due to the fact that these projects

involve human studies and animal experimentation which are expensive. It

would seem that owing to budget austerity in Canada, expensive research projects

such as these are avoided. A greater proportion of funds is devoted to less

expensive studies of the mechanism by which damage results from changes in DNA
and other macromolecules.

LOCATION OF RESEARCH

In Canada, 45% of the research projects on the biological effects of rad-

iation are conducted rn government laboratories, 54% in universities, institutes and

hospitals (the latter two are usually affiliated with universities) and 1%

elsewhere, as can be seen from Table 3-

Table 3

1.

2.

3.

Location of Research
(see Appendix 3)

Organization No.

Government, in-house

Universities,
institutes and hospitals

Union

Total

of Projects

4o

48

1

89

%

45

54
1

100
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In contrast, of US DOE-supported research, "$k% is conducted in DOE National

laboratories, 30% at private universities or hospitals, and 20% through

commercial organizations. Of US NIH-supported research, 87% is carried out in

universities or hospitals and 10% in National Laboratories (2).

SOURCES OF FUNDING
\

From Table k, it can be seen that Atomic Energy of Canada Limited (AECL)

provides the greatest support for research on the biological effects of radiation.

This work is carried out at the Chalk River Nuclear Laboratories and at the

Whiteshell Nuclear Research Establishment. About 32.3% of the research projects

are supported by AECL. This is followed by the National Cancer Institute of Canada,

Table h

Agencies Supporting Research Projects
(see Appendix k)

Agency

1. Atomic Energy of Canada Limited

2. National Cancer Institute of Canada

3. Ontario Cancer Treatment and
Research Foundation

h. Atomic Energy Control Board

5. Medical Research Council

6. Natural Sciences and Engineering

Research Counci1

7. Health and Welfare

8. Alberta Heritage Foundation

9. Department of National Defence

10. Ontario Hydro Electric Commission

11. Ontario Ministry of Labour and
Workmen's Compensation Board

12. Statistics Canada

13. Un i on

1A. Unknown

Total

No. of Projects
31

16

9
6

6

6

5
6

1

1

1

1

1

_6

96

I
32.3

16.7

3.h

6.3

6.3

6.3
5.2

6.3
1

1

1

1

1

6.3
~ 100



supporting 16.1% of research projects, and the Ontario Cancer Treatment and

Research Foundation supporting 3.h%. The remaining granting agencies each

support about 5-2 to 6.3% of the projects. Several government organizations

sponsor various single projects that are usually of specialized interest to

them. It should be noted that the number of projects listed in this table

exceeds the number given in previous tables. This discrepancy is due to the

fact that several studies are supported by block grants from two or more agencies

(see Appendix h for double rating in these cases). Insufficient details have

been supplied to give a more precise estimate of the support from the agencies.

In the 1962-63 survey (3) Thacker noted that the Defence Research Board

(now no longer in existence) expended 37% of funds for biological radiation

research within its own laboratories and supported 10.k% of grants for research

in this area. Also, Thacker observed that the Canada Department of Agriculture

devoted \k.l% of the funds for research in its own laboratories. In the present

survey this federal Department was not canvassed directly for information con-

cerning current activities in this area.

AREAS OF INTEREST

The support by various agencies can be re-classified according to

areas of interest into h categories as is shown in Table 5. The k categories

are 1. long-term effects of interest to the nuclear industry, 2. cancer

research into mechanism and treatment, 3- acute effects, and h. other.
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Table 5

Areas of Interest and Support by Agencies

Areas of Interest and Agencies % Support

1. Long term effects of interest to the
nuclear industry

Atomic Energy of Canada Limited
Atomic Energy Control Board
Health and Welfare
Ontario Hydro
Ontario Ministry of Labour
(£ Workmen's Compensation Board)

Statistics Canada
Un ion

Total 47.8

2. Cancer research into mechanisms and treatment

National Cancer Institute of Canada 16.7
Ontario Cancer Treatment and Research Foundation 3.U
Alberta Heritage Foundation 6.3

Total 32.4

3. Acute Effects

Department of Defence 1

h. Others

Medical Research Council 6.3
Natural Sciences and Engineering Council 6.3
Unknown 6.3

Total 18.9

It can be seen that almost half the support in Canada is devoted to biological

radiation research involving long-term effects of the nuclear industry on

workers and on populations. In this area there is an interest in defining

quantitatively the biological effects of radiation especially at low doses and

low dose rates. For this reason epidemiological studies on humans have been

initiated to assess the risks to atomic radiation workers and uranium miners.

Mechanisms of radiation-induced damage of DNA and its subsequent repair, as

well as mechanisms of interact ion of radiation with other important biological
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constituents, are studied to gain understanding, in fundamental terms, of the

effects of radiation on living systems. With this body of knowledge it is

expected that one could acquire better understanding of the adequacy of current

radiation protection standards as proposed by the International Commission on

Radiological Protection. This type of research is often called mission-oriented.

The next area of interest, as seen from the amount of support (32.^%),

concerns cancer research. In this survey only cancer research involving

radiation or radiomimetic chemicals has been included. Therefore, projects

concerning cancer mechanisms and treatment have been included only on a restricted

basis and represent just a fraction of total cancer research undertaken in Canada.

The interest in radiation effects and cancer therapy usually involves high doses

and high dose rates in contrast to the interests described above particularly in

the nuclear industry. Emphasis is usually given to the modification of radiation

effects by oxygen, hyperthermia and radiosensitizers with the objective of

improving treatment of cancers. Some studies are concerned with the mechanism of

cancer induction, and DNA alterations which are in turn believed to play an

important role in the initiation of malignant changes. This latter type of work

overlaps significantly with the kind of research carried out by those interested

in the delayed effects of radiation. Although cancer research is obviously

mi ss ion-criented, it is lately carried out in academic institutions and is

usually fairly basic in nature.

The remaining projects funded by the Medical Research Council and the

Natural Sciences and Engineering Research Council are not numerous (6.3% in each

case). An equal percentage, that is 6.3. are supported by unknown sources.

Although these three categories together amount to 18.9%, the individual projects

varied considerably from one another and no general statements can be made

concerning them.

HISTORY OF RADIATION BIOLOGY IN CANADA

In 1968, the author, in a submission (5) to what was then known as the

Science Secretariat of Canada Radiation Biology Task Force, reviewed the extent of
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radiation biology and radiation protection in Canada. That report (5) contains

a chronological review of actions taken by various agencies from 1955 to 1968. i

Events leading up to 1961 resulted in a justifiable case for the expansion of

radiation biology in Canada. Based on these events, a new Division of Radiation

Biology of the National Research Council was established in Ottawa with

Dr. G.C. Butler as the Director. For a number of reasons this Division lost its

separate identity when it was incorporated with the Division of Biosciences to

form finally the Division of Biological Sciences. In a reply from Dr. C.T. Bishop

(6), the present Director, he states that they currently do not have any projects

on the biological effects of ionizing radiation.

From 1962 to 1968 the National Research Council Associate Committee on

Radiation Biology attempted to foster research in Canadian universities. It

appeared that support to universities in the form of grants levelled off at

$600,000-$800,000 per year. From I968 to the present time no follow-up has been

carried out to evaluate the support for radiation biology in Canada. In 1976,

Dr. D.K. Myers, Head of Biology Branch, Chalk River Nuclear Laboratories (7)

concluded that the major granting agencies in Canada supported mainly individuals

who were concerned primarily with cancer therapy and few if any who were

conducting studies related to the practical assessment of hazards of low levels

of ionizing radiation. For this reason, the interest of the two radiation

biology groups within Atomic Energy of Canada Limited (at the Chalk River Nuclear

Laboratories and Whiteshell Nuclear Research Establishment) tend to diverge from

those of most other investigators concerned with biological radiation research

in Canada. The same conclusion was reached in this survey.

DISCUSSION AND CONCLUSIONS

Public awareness of nuclear power is often focussed on the biological

hazards of radiation. In view of the projected increase in electrical power to

be generated by nuclear means and the present-day public concerns over nuclear

power, the funding for research on the biological effects of radiation can be

considered to be inadequate in Canada. It would seem unreasonable that there

has been no increase in total effort since 1962-63. In fact, although the

support in constant dollars appears to have been unchanged during this time,

the effective support for some particularly relevant projects has been reduced.

For example, greater emphasis on the need for data involving low doses and low
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dose rates has served to direct special attention to experimental projects that

are more costly because of the longer irradiation times and the larger sample

sizes to yield valid statistical observations, pertaining to smaller effects,

with corresponding increase in man-power effort.

In Canada, in both government laboratories and academic institutions,

there is considerable interest in studies at the molecular level, notably studies

on DNA. This observation may not be too surprising since research work with

DNA currently lies on the forefront of molecular biology, and good scientists

understandably prefer to undertake research in meaningful and exciting areas.

This research is much more sophisticated and expensive than the simpler exper-

iments in radiation biology that were carried out 20 years ago.

Large scale animal experiments on toxicity of radionuclides, such as

plutonium or other transuranics, are completely lacking in Canada because these

types of experiments are extremely expensive. Similarly large-scale animal

experimentation to observe genetic effects produced by radiation have been

largely avoided in Canada. Thousands of animals and their offspring have to be

observed to score the frequency of genetic defects induced by radiation;

because of this the experiments are time-consuming and costly. One experiment

on the genetic effects of radiation in mice is currently in progress at Chalk

River Nuclear Laboratories (CRNL) but this study is being conducted on a very

modest scale because of financial constraints. (The same constraints also

limit severely the size of current experiments on cancer induction in animals

at CRNL.) However, genetic studies using micro-organisms can be carried out

cheaply srid effectively as has been done at CRNL. Advantage is taken of the

fact that, although millions of micro-organisms are used in the test system,

only the relatively small number of radiation-induced, genetically altered

organisms need to be scored. This amplification is achieved with relative

ease by manipulation of the metabolic medium that the organisms are grown in.

Because of (S) the manner in which vital statistics and associated

registries are organized in Canada, (ii) the federal-provincial arrangements

concerning the use of such information, and (iii) the early pioneering work on

medical record linkage by Newcombe (8), Canada is well ahead of the United

States in its ability to carry out computerized medical record linkages and

epidemiological studies on atomic radiation workers and uranium miners as well



as other groups of people who are known to have been exposed to high doses of

medical X-rays. The advantage of computerized over manual studies are lower

cost and higher reliability. Studies of this type are currently in progress.

Because of the increasing awareness of the hazards of the inhalation of

radon^daughter products, greater emphasis has been placed recently by federal

and provincial agencies on rtudies of the hazards arising from uranium mining,

milling, and the resulting tailings. It seems probable that more research of

this kind will be undertaken by government organizations, or with their backing,

in the near future.

As pointed out by the U.S. Interagency Task Force (2), studies of massive

populations exposed to low levels of radiation are unlikely to answer definitively

questions concerning the hazards of exposures to low levels of radiation and

hence the adequacy of radiation protection standards. This is basically because

the effects due to radiation will be small, and it will be impossible to assemble

a "control group" who will accurately duplicate all the important non-radiation

effects.

Current radiation biology theory cannot rule out absolutely the suggestion

that low doses and low dose rates may be more efficient per unit dose than

corresponding higher ones, although this does seem highly improbable on the basis

of our current understanding of the mechanisms involved. In my opinion, it is

generally agreed that the most promising way to improve the theory with current

financial limitations is to pursue fundamental studies of the biological effects

of radiation in an attempt to obtain more insight on which to base more realistic

models for the shape of the dose-effect curve, especially over the low dose range.

As a check, populations exposed to low levels should be studied empirically to

ensure that effects at low doses have not been grossly underestimated by current

theory. However, it should be realized that if the cancer risks have not been

underestimated, then not too much in the way of positive findings should be

expected even from the most elegantly designed epidemiological studies of

populations exposed to low levels of radiation. Similar ideas have been expressed

recently by Dr. A.S. McLean, Director of the United Kingdom National Radiological

Protection Board (9). ..."Furthermore, we should not be over optimistic

about the value of epidemiological studies for it is highly improbable that,

at current levels of exposure, and on a timescale that could contribute



materially to major decisions about nuclear power, any survey, however well

condensed, will either support these opinions or confound them unless they

underestimate the risks very substantially. Therefore we have to accept the

fact that, for many years to come, information provided by such studies will

be more likely to feed controversy than to resolve it. Studies of biological

mechanisms and microdosimetry appear to hold out greater hope of providing

answers to questions that are being asked."

Because virtually no directly relevant research on the biological effects

of radiation of interest to the nuclear industry is undertaken in academic

institutions and because previous attempts to foster this research both in

universities and in other government laboratories have not been successful in

Canada, the brunt of the burden of dealing with problems of low-level radiation

from most of the nuclear fuel cycle is left by default to AECL. (It is

recognized that other government agencies are supporting work on radon and

radon-daughter products.) Leaving aside the question of whether the extra fund-

ing should go to AECL laboratories, or to other government laboratories or to

academic institutions, it would not be surprising if AECL continued to provide

more nding for research in this area. It is possible that the AECB would

decide they had responsibility to improve the reliability of the scientific basis

for their regulations and therefore could provide more funding. Also, because

of the benefits derived by the industry in the production of electricity by

nuclear means, manufacturers and utilities might likewise decide to fund research

of immediate interest to them. For example, the utilities might be expected to

support studies on the relative biological effectiveness of tritium. It would

be a very healthy sign indeed if all of the interested parties in Canada were

to contribute more in the future to improve the state of knowledge of biological

radiation effects.
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APPENDIX 1

BIOLOGICAL EFFECTS OF RADIATION
(Classification according to structure)

A. DNA STUDIES

1. BIRNBOIM, H., JEVCAK, J.J., KNIGHT, A.G. CRNL, Chalk River

Biochemistry of DNA and RNA. Effect of ionizing radiation on
polypyrimidine sequences.

2. CHiLDS, J.D., ELLISON, M.J., PILON, k. CRNL, Chalk River

a) Effe-t of near UV-radiation on E. coli and bacteriophage T4.
Formation of cyclobutane pyrimidine dimers in DNA in vitro.

b) Isolation and characterization of radiation sensitive mutants
of bacteriophage Tk.

3. GENTNER, N.E., WERNER, M.M., CLERMONT, V.M. CRNL, Ohalk River

Repair of ultraviolet and ionizing radiation-induced DNA damage in
Micrococcus radiodurans and Sch i zosaccha romyces pombe. Effect of
repair exhibitors such as caffeine. Cell cycle variations in
radiation sensitivity. Importance of recombinational repair
processes. Synergistic interaction between different types of
radiation.

h. GENTNER, N.E., CADET, J., PATERSON, M.C. CRNL, Chalk Rivet-

High performance liquid chromatography analysis of radiation-

induced lesions in DNA of mammolian cells.

5. GREENSTOCK, C.L. WNRE, Pinawa

Radiation and chemical careinogenesis to determine the chemical
mechanisms of radiation carcinogenesis and chemical carcinogenesis
and to understand the possible synergistic effects of radiation
and chemicals, particularly with respect to carcinogen activation.
Binding of labelled carcinogen to DNA is being investigated.

6. HAYNES, R.H. Dept. of Biology, York University, Toronto

a) Genetic control of radiation sensitivity and DNA repair in yeast.

b) Mechanisms of radiation and chemically induced mutagenesis and
recombination in yeast.

c) Mathematical analysis of mutation induction kinetics in cellular
systems.

d) Induced somatic recombination and recessive homozygosis; are
tumour promoters recombinogens?
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Haynes (Cont'd)

e) Radiation induced mutational mosaicsm and heteroduplex repair.

Collaborators: Friedericke Eckhardt, Douglas W. Bryant,
Bernard A. Kunz, Barry J. Barclay.

7. HEDDLE, J.A., RAJ, A.S. Dept. of Biology, York Univ., Toronto

Sister chromatid exchanges versus micronuclei as efficient
detectors of mutagenecity.

8. KOCH, C.J. Ontario Cancer Foundation, London ^

DNA repair in mammalian cells in low 0- concentrations.

9. McCALLA, D. Biochemistry Dept., McMaster Univ., Hamilton

Isolation of products between C-labelled radiosensitizers
of DNA during x-irradiation.

10. MILLER, T.CAROLYN Health Prot. Br., Health £ Welfare Canada, Ottawa

a) Molecular techniques to measure damage in DNA (nuclear and
mitochondrial) by chemical additives and contaminants.

b) Effects of heavy metals on radiation induced DNA repair.

11. MITCHEL, R.E.J., JEVCAK.J.J., KNIGHT, A.G. CRNL, Chalk River

Radioactive labelling of ultraviolet photoproducts. A method to
specifically label DNA radiolytic products is being developed.

12. MORRISON, D.P., UNRAU, P., SEGUIN, E.F. CRNL, Chalk River

Studies on the induction of recombination "competence" in yeast.

13. MYERS, D.K., JOHNSON, L.D. CRNL, Chalk River

Induction of genetic changes in yeast. A comparison of the ability
of ionizing radiation and carcinogenic chemicals to induce gene
conversion.

\k. RAINBOW, A.J. Dept. of Radiology, McMaster Univ., Hamilton

Radiation induced DNA damage and DNA repair mechanisms in radiation
induced and viral induced neoplasms. Use of viral probes for the
determination of DNA repair capacity in human cells.

15. ROY, R.M. Dept. of Biology, Concordia, Montreal

Plans to study role of vitamin E in DNA repair in bone marrow
eel Is of mice.



16. UNRAU, P., MORRISON, D.P., SEGUIN, E.F. CRNL, Chalk River

a) A genetic assay (mitotic gene conversion) using Saccharomyces
cerevisiae for damage associated with low doses of ionizing
radiation. A linear relationship prevails from high doses
delivered at high dose rates to low doses and low dose rates.

b) The same genetic assay is being used to determine the relative
biological effectiveness of tritiated water.

B. MOLECULAR STUDIES

1. ASHWOOD-SMITH, M.J. Biology Dept., Univ. of Victoria, Victoria

Photosensitization effects of psoralens and ultra-violet.

2. DAVISON, A.J., KONG, S. Bioenergetics Lab., Simon Fraser Univ.,
Vancouver

Damage to biological membranes by free radicals species of oxygen.
A study of selective scavengers in the action of gamma rays on
intact erythrocytes and ghost cells.

3. FISHER, G.J. Nuclear Medicine, Univ. of Sherbrooke

Radiosensitizers in a different light: Photobiological studies
of their modes of action. Radiation effects of slow electrons.

k. GAUCHER, G.M. Chemistry Dept., Univ. of Calgary, Calgary

Inactivation of enzymes by high energy radiation.

5. GREENSTOCK, C.L. WNRE, Pinawa

a) Radiolysis studies of radiation biological damage. To determine
the kinetics, and the types and yields of free radical induced
damage to cellular radiation targets (different biological molecules),

b) Structural aspects of radiosensitivity. To determine the influence
of structure on the radiosensitivity of cellular macromolecules
including phospholipids, nucleic acids and proteins.

c) Radiation protection and radiosensitization to determine the
chemical mechanisms of radiation protection and radiosensitization
in mammalian cells and their compounds, including DNA.

d) The use of probes to determine the principal reactive species and
the principal cellular targets in radiation damage studies. To
establish cause-effect relationships in studying the mechanism
of action of ionizing radiation on mammalian cells and their
constituents including DNA.
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Greenstock (Cont'd)

e) Activated oxygen; to determine the role of activated oxygen in
radiobiology by use of puJsed radiolysis.

6. K0CH,C.J. Ontario Cancer Foundation, London

a) radiochemical 0_ consumption - in vitro.

b) modification of radiosensitizing and toxic properties of
electron affinic agents, sulfhydryl, vitamin C in EMT6 mouse
tumor system.

7. LEHNERT, S. Therapeutic Radiology, Royal Victoria Hospital,
Montreal

Relationship of intracellular cyclic nucleotide concentration
to radiosensitivity.

8. MITCHEL, R.E.J., BAIRD, K.M. CRNL, Chalk River

Ionizing radiation damage in bacterial cell walls and membranes.
Induction of release of cell constituents by ionizing radiation.
Mechanisms of free radical action on cell constituents. Effect of
oxygen during radiation damage and cellular components.

9. PETKAU, A. WNRE, Pinawa

To establish the dose-response relationship(s) that obtain at
low doses delivered at low dose rates.

10. SANCHE, L. Med. nucleaire, et radiobiologie, Sherbrooke

a) Etude par transmission d'electrons des mecanismes
d1interaction entre les rayons delta et les biomolecules.

b) SANCHE, L., VANLIER, J.E. Med. nucleaire et radiobiologie, Sherbrooke

Le marquage des biomolecules au carbone-11.

11. SINGH, H. WNRE, Pinawa

Radiation effects on protein synthetic machinery

(i) singlet oxygen studies
(ii) binding of psoralens on DNA & RNA

(iii) radiolysis studies on ribosomes
12. SINGH, A. WNRE, Pinawa

Nature of radiation damage in biological systems

(i) interconversion of hydroxyi radicals (*0H), superoxide anions
(Op, singlet oxygen ('O.) and related species

(ii) primary radiolysis effects in water

(iii) electron spin resonance.
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C. MAMMALIAN CELLS STUDIES

1. ASHWOOD-SMSTH, M.J. Biology Dept., Univ. of Victoria, Victoria

Lethal and chromosomal effects of X-rays on Chinese hamster ovary
fibroblasts at room temperature level to -196°C.

2. BECH-HANSEN, N.T., SELL, B., PATERSON, M.C. CRNL, Chalk River

In-vitro radiosensitivity and DNA repair in human genetic syndromes
and families at high risk of cancer.

3. BORSA, J. WNRE, Pinawa

Ionizing-radiation-induced alterations in the expression of genetic
information in cells (Friend erythroleukemia, neuroblastoma).

k. CHAPMAN, J.D., URTASUN, R.C., KOZIOL, D.R., MEEKER, B.E.
Dr. W.W. Cross Cancer Institute, Edmonton

Hypoxic cell radiosensitizers in Chinese hamster cells and EMT-6
tumour.

5. GILLESPIE, C.J., ANDERSON, A.R., CHAPMAN, J.D. Dr. W.W. Cross Cancer

Institute, Edmonton

Low dose rate radiobiology on Chinese hamster cells.

6. HEDDLE, J.A.'\ KREPINSKY, A.B.", RAINBOW, A.J."", KWOK, E."

"York University, Toronto - *-'cMcMaster Univ., Hamilton

Sensitivity of Bloom's syndrome cells to specific mutagens.

7. HILL, R.P. Ontario Cancer Institute, Toronto
a) Studies of fractionated radiation doses combined with hypoxic

cell sensitizers (KHT sacroma and C3H mouse mammary cells).
b) Correlation of blood flow and radiation response of tumours

(KHT sacroma or C3H mouse mammary tumour).

c) Cell kinetics in tumours following irradiation treatment
(KHT sarcoma).

8. HUNT, J., WHILLANS, D. Ontario Cancer Institute, Toronto

Radiation chemistry kinetic approach to study modification of
radiation damage in CHO cells: differentiation of physico-chemical
and metabolic events or cell survival.
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9- INCH, W.R. Experimental Oncology Group, Ontario Cancer Foundation,
London

Combined radiotherapy, chemotherapy and immunotherapy of cancer
using single cells and multi-cell spheroids in culture used as
a model tumour in mice.

10. KAMRA, O.P., Biology Dept. Dalhousie Univ. Halifax

Cytogenetic effects of ionizing radiation, chemical mutagens
and laser. ^

11. KRUUV, J., NOLAN, W.T., THOMPSON, .I.E., LEPOCK, J.R. Physics S Biology
Depts., Univ. of Waterloo, Waterloo

a) The effect of membrane lipid perturbers on repair of sublethal
and potentially lethal radiation damage at 5°C.

b) KRUUV, J., MOGGACH, LEPOCK, J.R.

Effect of salt solutions on the radiosensitivity of mammalian
cells as a function of the state of adhesion (Uses Chinese hamster
V79 cells).

c) KRUUV, J., LEPOCK, J.R.

Effect of membrane fluidity on survival of mammalian cells to
hyperthermia and radiation.

12. MORAIS, R. Cancer Institute of Montreal, Notre-Dame Hospital,
Montreal

a) Cancer effects of a-particle Am on cultured human bronchial
epithelium.

b) Determine minimum dose for cancer induction for uranium miners,
smokers and non-smokers.

13. NOUJAIM, A.A., LENTLE, B.C., HILL, J.R. Pharmacy, Univ. of Alberta,
Edmonton

Studies of the mechanism of uptake of radiogallium by
malignant eel 1s.

14. PATERSON, M.C., MiDDLESTADT, M.V., SMITH, P.J., SMITH, B.P.,
BECH-HANSEN, N.T. CRNL, Chalk River

Hypersensitivfty to cancer-causing chemicals in cultured cells
from patients with ataxia telangiectasia.

15. PETKAU, A. WNRE, Pinawa

To determine the role of superoxide dismutase in bone marrow cells.
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16. RAAPHORST, G.P. WNRE, Pinawa

Enhancement of X-ray damage in biological systems at elevated
temperatures. These studies are being carried out in a variety
of mammalian cells, e.g., pig kidney, V79, CHO, EMT6 and Hela.

17. SKARSGARD, L.D. TRIUMF, Univ. of British Columbia, Vancouver

a) Pre-cl inica'l research on the team at TRIUMF.

b) SKARSGARD, L.D., PA1.CIC, B.

(i) Chemical radiosensitizers
(ii) Cellular and molecular studies.

18. SMITH, P.J., PATERSON, M.C. CRNL, Chalk River

Near and far UV-light induced lesions in DNA of culture human
cells from a variety of clinical diseases.

19. STARREVELD, A.A., GILLESPIE, C.J. Dr. W.W. Cross Cancer Inst., Edmonton

In vitro culture of human tumour tissue.

20. SZEKELY, J.G. WNRE, Pinawa

Effects of ionizing radiation on cellular morphology, especially
on nuclear membrane pore formation.

21. WHITMORE, G.F. Ontario Cancer Institute, Toronto

a) Investigations with hypoxic cell sensitizers.

b) Studies of drug and radiation sensitive mutants of mammalian
cells (CHO).

D. ANIMAL STUDIES

1. BELBECK, L.W., CLARK, D. Dept. of Medicine, McMaster Univ., Hamilton

a) Radio-sensitivity of stimulator cells.

b) BELBECK, L.W., HALL, B., BARR, R.

Use of radioactivity to immunosuppress animals.

2. CAIRN IE, A.B. Defence Research Establishment Ottawa, DND, Ottawa

a) radiation induced vomiting in rats

b) RBE of neutrons in animals for production of incapacitat Jon of
military significance

c) chemoprophylaxis of radiation effects for conditions a) and b)
mentioned above.
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3. CHAPMAN, J.D., URTASUM, R.C., KOZIOL, D.R., MEEKER, B.E.

Dr. W.W, Cross Cancer Institute, Edmonton

Hypoxic cell radiosensitizers in mice.

*t. HILL, R.P. Ontario Cancer Institute, Toronto

Studies of response of normal lung of mice to radiation treatment.

5. HILL, R.P., BUSH, R.S. Med. Biophysics, Toronto
Studies in experimental radiotherapy (the influence of HbCO on
tumour oxygenation and response to radiation).

6. LAUBER, J.K. Dept. of Zoology, Univ. of Alberta, Edmonton

Electromagnetic radiation effects on endocrine and
growth parameters.

•7. MYERS, D.K., JOHNSON, L.D. CRNL, Chalk River

Radiation-induced tumors in rats. A study of the effects of caffeine,
urethane and cloroquine together with B-radiation on induction of
skin tumors.

8. NEWCOMBE, H.B., McGREGOR, J.F. CRNL, Chalk River

Synergistic effects in radiation carcinogenesis. A study in
synergism in the induction of skin tumours from 3-radiation and
cigarette tar or anthramine.

9. PEDERSON, J.E., MEEKER, B.E. Dept. of Radiation Oncology, Dr. W.W. Cross
Cancer Institute, Edmonton

Effects on normal tissues and tumour cells when antiplastic agents
and radiosensitizers are combined with radiation.

10. PETKAU, A. WNRE, Pinawa

To determine the role of superoxide dismutase in modifying
radiation damage in animals.

11. ROY, R.M. Biology Dept., Concordia, Montreal

a) Modification of radiation effects in mice by tocopherol.

- survival of bone marrow cells by spleen colony assay
- humoral immune response

b) Protective effect of tocopherol against mutations

- dominant lethal assay
- bone marrow micronuclei



12. SALAMONE, M.F., STUART, E., KATZ, M., HEDDLE, J.A. Dept. of Biology,
York University, Toronto

The micronucleus assay: A search for the most efficient protocol.
Bone marrow smears were prepared after injection of chemicals
and scored for micronuc;ei.

13. SIU, CONNIE MEI, YU, W.Y., GOODMAN, G.B. Dept. of Surgery, Univ. of
British Columbia, Vancouver

The effect of local (fractionated) irradiation on the mechanical
properties and mineral content of bone. An experimental study in
male adult dogs.

E. HUMAN STUDIES

1. ANDERSON, T. Univ. of Toronto, Toronto (supported by Ont. Hydro)

Long term health study (epidemiology) of Ontario Hydro workers.

2. BAND, P.R. Cancer Institute of Montreal, Montreal

A study of sputum cytology and carcinoembryonic antigen in
uranium workers and in control population.

3. BAND, P.R. Cancer Institute of Montreal, Montreal

Sputum cytology of uranium workers and controls.

a) determine relative carcinogenicjty on bronchial epithelium
of cigarette smoking and of exposure to uranium,

b) detect at potentially reversible or curable stages before
invasive lung cancer.

k. CHILDS, J.D. CRNL, Chalk River

Assessment of genetic risks of exposing human populations to
ionizing radiation and chemical mutagens.

5. HARRIS, R. Elliot Lake Centre, Elliot Lake

Give your lungs a break: preventive health measures with emphasis
on uranium miners.

6. HEWITT, D. Faculty of Medicine, Univ. of Toronto, Toronto

a) Cancer following fluoroscopy - with NCI

b) Lung cancer in uranium miners - (Ham Commission)



- 25 -

7. McCREDIE, J.A. Ontario Cancer Foundation, London

a) Effect of radiation therapy of cancers on the incidence of
new primary cancers HLRM (hematologic and lymphoreticular malignancies),

b) Effect of radiation therapy of cancer on T, B and K Cells in
peripheral blood.

8. McCULLOUGH, R.S., STOCKER, H., MAKEPEACE, C.E. Dept. of Health and

Welfare and AECB, Ottawa

Pilot study on radon daughter exposures in Canada.

9. MILLER, A.B. National Cancer Institute, Toronto
Follow-up of breast cancer in patients with tuberculosis,
who had received repeated fluoroscopies for atelectasis.

10. MILLER, J.R. University of British Columbia, Vancouver

Relationship between maternal irradiation and Down's syndrome.

11. MULLER, J. Ontario Ministry of Labour, Toronto
(Cooperation with WCB)

Causes of death among Ontario uranium miners and correlation to
levels of exposure to radon daughters.

12. MYERS, D.K. AND STEWART, C.G. CRNL, Chalk River

Assessment of radiation hazards to human populations with emphasis
on the health hazards in uranium miners because of inhalation of
radon daughters.

13. MYERS, D.K. AND NEWCOMBE, H.B. CRNL, Chalk River

Risks in the nuclear industry are compared to risks from generating
energy from alternate sources as well as a comparison to relative
risks in other industries.

l*t. NEWCOMBE, H.B. CRNL, Chalk River

Development of computerized medical record linkage techniques to
determine frequency and classes of genetic disease in human
populations. Development of techniques to follow-up workers in
various industries to determine frequency and causes of death that
are work-related.
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15. POMROY, C. Radiation Protection Bureau, Health £ Welfare, Ottawa

210
Measurement of Pb in uranium miners.

16. RAUTH, M. Ontario Cancer Institute, Toronto

Chemical hypoxic cell radiosensitizers and their possible
application in the improvement of cure rates of some localized
tumours by radiotherapy. Studies range from chemical, in vitro,
in vivo to clinical aspects.

Collaborators: D. Williams Dr. Varghese
G.F. Whitmore B. Wilson

S. Gulyas Jaan Chin
J. Rubin J.K. Mahindra

Ronda Sanders R.P. Hill
Yvonne Taylor Dr. Tannock
Patty Vadasz Dr. Gil 1

Barbara Black Sylvia Sochor

17. SMITH, M. Statistics Canada, Ottawa

Utilization of computerized medical record linkage techniques to
determine frequency and causes of death of various occupations in
different industries.

18. SPITZER, W.O. Montreal General Hospital, Montreal

Calibration sti'Jies for breast cancer screening.

19. STARREVELD, A.A.,GILLESPIE, C.J. Dr. W.W. Cross Cancer Institute, Edmonton

Analysis of 576 cases of invasive carcinoma of the cervix treated
at the Cross Cancer Institute 1964-73.

20. STOCKER, H. Atomic Energy Control Board, Ottawa

Supply of information from ALCAN for epidemiological studies
of Nfld. fluorospar miners.

21. THOMSON, D.S. Cancer Control Agency of B.C.

Pilot project to permit planning of a randomized trial of
clinical examination and mammography in breast screening.

22. VALENTINE, K. United Steel Workers of America

Cancer in the workplace. Some aspects in uranium mining.,



PLANT STUDIES

1. CLARK, G. Dept. of Zoology, Univ. of Toronto

Effect of radiation on pine seedlings.

2. DUGLE, J.R. WNRE, Pinawa

Field Irradiator Gamma (FIG) Project.

To study quantitatively the radiation effects on plant
communities, insects and small mammals.

3. GUTHRIE, J.E. AND THIBAULT, D.H. WNRE, Pinawa

Effect of chronic gamma radiation on growth and survival of
Scots pine seedlings and on the germination of Jack pine
seed!ings.

4. IVERSON, S.L. AND TURNER, B.N. WNRE, Pinawa

Zeus Project. To study the effects of chronic low-level
gamma radiation and to determine significance of varying
dose rates on plants, insects, and animals.

5. URSINO, D.J. Dept. of Biological Sciences, Brock Univ.
St. Catharines

a) effect of internal B-radiation and external yracliation on
photosynthesis in pine seedlings.

b) effect of external Y~racliation on photosynthetic metabolism
and export and distribution of photoassimilates.
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1
1
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6.3

6.3
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1
1
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NOTES

1.

2.

3.
h.

5.
6.

7.
8.

9.
10.

11.

AECL

CRNL
WNRE

NCIC

OCTRF

AECB

MRC

NSERC

H&W

DND

OH

OML
WCB

STS.CAN.

Atomic Energy of Canada Limited

Chalk River Nuclear Laboratories
Whiteshell Nuclear Research Establishment

National Cancer Institute of Canada

Ontario Cancer Treatment and Research Foundation

Atomic Energy Control Board

Medical Research Council

Natural Sciences & Engineering Research Council of Canada

Health and Welfare Canada

Department of National Defence

Ontario Hydro

Ontario Ministry of Labour
Workmen's Compensation Board

Statistics Canada
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ADDENDUM

Since the presentation of this paper in May 1979, at the Canadian

Nuclear Association in Toronto, further information has been obtained as

follows: Dr. Raymond Pageau, Department of Nuclear Medicine and Radiobiology,

University of Sherbrooke, is conducting a research program in radiation biology

concerning the use of nutrition to assure a greater systemic radioresistance.

To date positive results have been obtained on hematopoietic and intestinal

systems. The program is being financed by the Medical Research Council.
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