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1. Topical Summary

RESEARCH IN RADIATION BIOLOGY AND THE ASSESSMENT OF RADIATION HAZARDS

D.K. Myers

This topical summary will review research in Radiation Biology Branch
and indicate some of the basic topics that are being considered for future
research programs on the assessment of radiation hazards.
Research Goals

The purposes of Branch research for 1984-85 are as follows: (1) To
understand the effects of radiation on living organisms. (2) To suggest
applications of this information wherever possible, e.g., in radiotherapy,
other treatment of human disease, and potential commercial developments. (3)
To assess radiation hazards. The goal of research in Biology is defined
elsewhere as "to make a significant contribution to world understanding of the
health and environmental effects of radiation, particularly low levels of
radiation".

Branch research has been organized with a balance between two
sub-programs: (a) Underlying or basic research on mechanisms in radiation
biology, the immediate relevance of which to radiation protection may not
always be certain. (b) Research which is immediately relevant to assessment
of hazards.
Radiation Levels

Normal background radiation exposures, according to the 1982 UNSCEAR
report, are in the region of 2 mSv per year. About half of this is due to
inhalation of radon daughters and about 70% of the total is due to high LhT
radiation, primarily alpha particles. In addition, the average person is
exposed to about 1 mSv per year of X-rays and other low LET radiations from
applications in the healing arts. Average occupational exposures in nuclear
power stations may be in the region of 5-8 mSv per year, essentially all of
which is low LET (including tritium beta rays as well as ganma rays).
Underground uranium miners may be exposed to appreciably higher doses, probably
in the region of 30-40 raSv per year, of which the major component is due to
alpha particles. Radiation protection is thus concerned with low levels of a
variety of kinds of radiation. Biological effects are not normally observable
at these levels of exposure and a major problem is therefore the accurate
prediction of expected effects of low levels of radiation on humans and on
other living organisms.
Biological Endpoints

The hazards of low-level radiation that scientists worry about for
radiation protection are the same hazards that people now worry about in
protection against chemical carcinogens. The biological endpoints of concern
are (A) cell death, (B) induction of congenital malformations following
exposure in utero, (C) induction of cancer in exposed persons and (D) induction
of heritable diseases in their children. An awareness of developments in the
field of chemical carcinogens is extremely valuable to research on radiation
hazards because the two areas are so closely related and because radiation is
only one of many known or potential mutagenic and carcinogenic agents. Thus,
work with chemical carcinogens helps us to understand the effects of ionizing
radiation and also helps to put these effects into perspective. The four
endpoints noted above will be reviewed briefly from the viewpoint of assessment
of radiation hazards.

(A) Cell death is an endpoint which has been frequently used in the
Branch to study mechanisms of radiation action. This endpoint is of great
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practical interest in radiation therapy and in understanding the early effects
of high radiation doses.

Two types of "cell death" can be distinguished. The first is concerned
with loss of the ability of a cell to form colonies. The irradiated cells may
in this case appear to function normally as long as they do not attempt to
divide. However, they are no longer able to undergo repeated cell divisions.
This result is ascribed to gross chromosomal changes such as formation of
chromosome bridges, loss of portions of the chromosome material in the form of
micrcnuclei, etc.

Doses of about 10 Gy of gamma radiation at low dose rate or about 1 Gy
of high LET radiation at any dose rate are usually required to cause loss of
colony-forming ability in 50% of the cells in mammalian systems. It is
uncertain whether or not exposure to gamma radiation at a level of 1 mGy per
year will "kill" any appreciable numbers of cells by this mechanism. However,
the distribution of radiation doses from high LET radiation is grossly
inhomogenous at low doses to the whole tissue: a few cells receive high doses
and most cells in the tissue receive zero dose. Thus any dose of alpha
radiation is likely to induce loss of reproductive capacity of some cells in
the body, since the dose to an individual cell nucleus which is traversed
directly by an alpha particle is expected to be in excess of one Gy. In fact,
a rough calculation suggests that normal background exposure to alpha particles
(plus some cosmic neutrons) probably "kills" some 10-10 cells per hour in
the average human. This should have little effect on physiological function.
The adult human body, which probably contains about 5 x 10 •* cell nuclei in
all, normally replaces about 2 x 10 cells per hour (mainly in bone marrow
and intestinal mucosa) and is thought to have considerable functional reserve
in most tissues. According to the BEIR 1980 and UNSCEAR 1982 reports, there is
little reason to believe that low doses of radiation cause any "premature
ageing" or life shortening apart from that due to cancer induction.

Loss of colony-forming ability plays an important role in understanding
dose-response curves for other biological endpoints (mutation and cancer
induction) at higher radiation levels. These curves usually indicate increased
response to increasing dose at low doses but tend to bend down again at very
high doses due to cell killing by high radiation doses. This downward
curvature becomes evident at lower doses with high LET than with low LET
radiation.

A second type of cell death is normally observed at low doses only in
certain specific types of cells in mammals. Immature oocytes and thymus
lymphocyes have been most frequently studied. This is called "interphase
death" or, more recently, "apoptosis"; and is probably responsible for
induction of sterility and for loss of immune function at high radiation doses.
Within several hours after exposure to radiation or certain reactive chemicals
(carcinogens) or certain natural hormones (gluococorticoids), these
non-dividing cells start to become pycnotic and disintegrate. The 50% lethal
dose is usually about 0.1 Gy in sensitive systems. The dose-response curve is
probably linear with no threshold and not markedly dependent on dose-rate even
for gamma rays. These characteristics differ markedly from those observed in
studies of radiation-induced loss of colony-forming ability in dividing cells.
Recent papers in the literature suggest that "interphase cell death" may be due
to activation of a Ca-Mg-requlring endonuclease that fragments the DNA and that
"apoptosis" is the expected outcome of normal programs controlling the
functions of certain particular cell systems. For example, most of the
lymphocytes in the cortex of the thymus, most of the immature oocytes in the
early ovary and many of the cells in the embryo are expected to eventually
undergo this same sequence of events under normal conditions, without any
unusual external stimulus. The Branch does not currently have any research
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program on interphase death caused by low radiation doses; some understanding
of the literature on this topic is however essential. One question of interest
is whether one can induce interphase death by low radiation doses in cells
which are not pre-programmed to die under normal circumstances.

This topic assumes further interest when we consider (B) the potential
effects of irradiation in utero. About 80% of all congenital malformations
reported following accidental exposure of the human embryo or fetus to high
radiation doses involve small head sizes with or without severe mental
retardation. Based on small numbers of children, it is estimated that roughly
50% of the in utero exposures to 1 Gy of gamma radiation at very high dose rate
during the third and fourth month of pregnancy resulted in severe mental
retardation in children born in early 1946 in Hiroshima and Nagasaki. This is
an extremely sensitive endpoint; fortunately, exposures to lower doses at
earlier or later stages of pregnancy appear to induce few definite effects in
the developing fetus in humans. The major question still under discussion is
whether or not the dose-response curve is linear and independent of dose rate.
The induction of mental retardation may be due to death of differentiating
neuroblasts, to disorganization of patterns of cell migration in the fetal
brain, or possibly to interference with the formation of synaptic contacts
between nerve cells in the developing brain. A strictly linear dose-response
curve would mean, in theory, that death or disorganization of a single vital
cell at an appropriate stage of (brain) development would be sufficient to
induce mental retardation (or some other congenital malformation). Many
scientists do not believe this, but people involved in radiation protection
have rightly been concerned for a number of years with the practical
implications of the high sensitivity of the fetus in pregnant females, either
to ionizing radiation or potentially to chemical carcinogens. Recent
discussions have suggested that the only experimental approach that might
provide useful answers to this practical problem in radiation protection and in
protection against chemical carcinogens would involve studies with primates
(monkeys). We do not have the facilities to carry out such studies at CRNL but
continue to follow the literature on this topic.

This leaves the two biological endpoints with which past research in
the Branch has been most concerned, namely (C) induction of genetic changes and
(D) induction of cancer. Both of these endpoints are thought to be due to
viable changes in DNA structure or organization. (The types of changes
involved are not necessarily the same as those leading to cell death.) For
comparison with the effects of fetal irradiation noted above, it might be noted
that chronic exposure to a total of 1 Gy of gamma radiation is expected to
result in a 1-2% chance of inducing fatal cancer, a 1-2% chance of inducing a
curable cancer (mainly thyroid plus some breast and other cancers) and roughly
a 0.2% chance of inducing a genetic or partially genetic disease in children
conceived after parental irradiation. Thus the potential hazards are
approximately 20-fold smaller in magnitude per unit dose to the individual, but
the population risk is appreciably higher than that for in utero effects when
we consider that the carcinogenic and genetic hazards apply to both sexes, that
the crucial phase during pregnancy for induction of mental retardation is
roughly two months and that less than 1 in 20 females in the general population
is likely to be pregnant at any given time. Moreover, there are good reasons
to believe that the dose-response curves for induction of genetic changes at
low dose rates are linear right down to zero dose, which is not necessarily
true for induction of mental retardation in utero. This linear non-threshold
relationship can be proven fairly rigorously for induction of certain genetic
changes in lower organisms but cannot be regarded as anything more than a
reasonable assumption for induction of cancer by ionizing radiation.
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(i) The follow-up of past CRNL employees has been a vory useful

practical exercise, in which assistance from a üiunber of other branches at Ck.w.
was essential. It has provided us with access 10 the expertise oi: o! he;
Canadian epidemiologists, has enabled us to check, i'icorrect. suggestions f r<IÜI ,J-I
AECL consultant, and to understand what should be done with the Iraker AM.-L
health study that is currently in progress. More importantly, it has ;.;rovJd;;d
some reassurance that large numbers of cancer deaths which might be relat<-.i >.-.>
occupational radiation exposure do not exist in the groups of CRNL employees
studied to the end of 1982 (see report AKCL--8Ï.83 , 1983). It is our intention
to continue this follow-up study, at. a reduced rate of effort, in order to
maintain our expertise in the area and to be able to continue to provide
information on mortality among past CRNL employees.

(ii) The study of relative biological effectiveness (RBE) of tritium
beta-rays for induction of mammary tumors in rats was another major project
involving cooperation from personnel in a number of branches at CRNL. This
particular tumor system was chosen because it is relatively sensitive to low-
radiation doses, is not greatly affected by dose rate and was reported to Le
very sensitive to differences in radiation quality. However, the effects of
tritium beta-rays could not be reliably distinguished from those of chronic
X-rays. This is of considerable interest in view of published doubts
concerning the most appropriate RBE for tritium and the fact that about 30% of
the occupational radiation exposures at the Pickering nuclear generating
station are due to tritiated water. We are currently considering a related
project on induction of myelold leukemia in mice-

(iii) A general review on tritium toxicity is being prepared by
members of different Branches within the Health Sciences Division. In the
initial draft of two sections of this review, it was concluded that the effects
of tritium decay were due primarily to the beta-rays produced and that
transmutation of tritium bound to DNA bases is of little consequence for
radiation protection. Tritium that becomes bound to organic constituents in
the tissues does not affect the dosimetry markedly when the source of tritium
intake is tritiated water but could have a major impact when the sole source of
tritium intake is organic-bound material in food. Other suggestions on
biological data required may become evident when this review is completed. We
are continuing to follow the scientific literature in this area.

(iv) The shape of dose-response curves for induction of cancers and
genetic changes by different types of radiation is crucial to prediction of the
effects of low-level radiation. Induced genetic changes can be studied with
precision in lower organisms. The Branch has devoted considerable attention to
this area in the past and will presumably continue to do so. Improved
understanding of the effects of constitutive and induced DNA repair systems or.
dose-response curves for different kinds of genetic changes, with emphasis on
their relevance to assessment of hazards, would be valuable. The rautagenic
and recombinogenic properties of co-carcinogens and of tumor promoters (see
below) are also being considered as part of our interest in the effects of
other environmental agents on the dose-response relationships for ionizing
radiation.
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(v) An important area for understanding dose-response relationships
and RBE values for radiations of different qualities (i.e., high LET versus low
LET) is microdosimetry, r.hat is to say, how the energy from different types of
ionizing radiation is distributed in small critical volumes within the cell
nucleus. The scientific literature on induction of genetic changes ana of
cancers shows dose rate effects varying roughly from 1 to 100 for gamma rays
and neutron RBE's reportedly varying from 1 to 100 for different biological
systems. A clearer understanding of the relationship between "target sizes"
and the critical changes in DNA structures that result in different biological
endpoints would seem to be essential in order to understand this variability
and thus to be able to predict the effects of low level radiations of different
quality. These factors are of course also important in an understanding of the
RBE for tritium beta rays.

(vi) As noted earlier, the linear or linear-quadratic dose-response
relationship for cancer induction is a reasonable practical assumption, but one
which cannot be proved or disproved at low radiation doses by direct
examination of dose-response curves either in animals or humans. Most of the
human and animal data on tumor induction can be fitted to the linear or
linear-quadratic model; after appropriate corrections for cell "killing", the
linear-quadratic model (equivalent to a linear model at low dose rates) was
used in the 1980 BEIR report for predicting the effects of low levels of gamma
radiation on humans. Reservations concerning extrapolation to very low doses
(below 0.1 Gy total or 10 mGy per year) were however noted. A non-threshold
linear dose-response relationship at low dose-rate ultimately implies that
induction of the appropriate change in a single cell is sufficient to cause a
certain probability of tumor development. Other models have been proposed,
notably by R.H. Mole (see for example p.403 in Radiation Carcinogenesis, ed. by
Boice & Fraumeni, 1984) and by D.W. Van Bekkum (Health Physics, _43, p.231,
1982). In both models, damage to a single cell is not necessarily sufficient
to cause cancer; the experimental reasons for this concept are outlined in the
papers cited and the references which they provide. Two of the implications
are that no cancers would be induced if low doses of gamma—rays did not kill
any cells, and secondly that there would be a quasi-threshold for tumor
induction somewhere in the region of 10 mGy of low LET radiation. A third
challenge to the linear dose-response relationship for cancer induction has
come from H. Rossi (see for example p.359 in Radiation Carcinogenesis, ed. by
Boice and Fraumeni, 1984). Based on dose-response relationships for induction
of cancer and of cell transformation by neutrons, Rossi has concluded that
"there is no scientific basis for the linear hypothesis according to which
cancer risk is proportional to absorbed dose and independent of dose rate at
low doses". The problem of accurate prediction of the carcinogenic effects of
low-level radiation is far from solved to everyone's satisfaction. An
understanding of basic mechanisms involved in induction of cancer by radiation
is essential in order to resolve these questions.

(vii) Over the past few years, it has become abundantly clear that
most of the potentially cancerous cells induced by radiation or other
carcinogenic agents never grow to form overt cancers. Cancer development
appoars thus to be less dependent upon "initiation" than upon events that
stimulate the growth of these initiated cells in the body. The pioneer work of
Berenblum about 40 years ago led to the established distinction between
initiating and promoting agents. The term "promoting agent" refers to an agent
which does not produce tumors by itself, will increase markedly (up to
1000-fold) the number of tumors produced by low doses of an initiating agent
such as radiation or dimethybenzanthracene, and does so only when applied
repeatedly after exposure to the initiating agent. (Various hormones can also
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be considered as promoters for cancers of the thyroid, breast and Karderian
gland.) The system most carefully studied with tumor promoters is skin tumors;
in this system, the dose-response curve for induction by an initiating agent
(radiation, chemicals, UV) alone is typically non-linear, and the action of
promoting agents is studied at a low dose of initiating agent which will by
itself have little effect. The mechanism of action of tumor-promoting agents
has been a topic of considerable interest in the Branch in recent years and
this research is being continued in collaboration with the Ottawa Cancer
Clinic- For assessment of hazards, we also need to know how tumor promoters
affect the shape and position of the dose-response curves for tumor induction.

(viii) A large-scale program on human cells from cancer-prone patients
has been carried out with partial support from the U.S. National Cancer
Institute over the past few years in Radiation Biology Branch. This program
has made a major contribution to scientific understanding of hereditary factors
that may influence cancer development, a contribution that has been
internationally recognized. For quantitative assessment of hazards, one basic
question remaining is how much these hereditary factors affect the normal
average risk of radiation exposure. If, based on studies of exposed human
populations and various other assumptions such as the linear model, one were to
assume that an accumulated exposure of 1 Sv will produce a 1% lifetime risk of
fatal cancer in the average person and a 0.2% chance of genetic disease in
their children, what are the quantitative risks for a person from a
cancer-prone family? At the moment there is no direct evidence on which this
quantitative assessment could be made. The only evidence available relates to
loss of colony-forming ability after irradiation. The latter data suggest that
most of the cancer-prone individuals in question would not be more than twice
as susceptible as the average person to radiation effects. Development of
other methods by which the differences in quantitative risk could be estimated
remains as a challenge for future consideration.

(ix) Further problems are involved in assessment of the genetic hazards
of radiation. One is to define the natural incidence of genetic and partially
genetic diseases in human populations. H.B. Newcombe at CRNL together with
B.K. Trimble and co-workers made a major contribution to this topic some years
ago. It is of interest that the latest UNSCEAR draft on genetic effects of
radiation includes the statement that their "British Columbia data .... with
certain modifications now constitute the principal basis for the evaluation of
genetic radiation hazards in man". During the past year, Branch personnel have
been involved in stimulating a reanalysis and updating of the B.C. data in
question; this reanalysis is now in progress under the direction of Dr. T.W.
Anderson at the University of British Columbia. One of the Branch geneticists
has also been responsible for detailed corrections on interpretation of
published data on dominantly-inherited genetic diseases in humans, which were
incorporated into the 1982 UNSCEAR report and resulted in revision of genetic
risk estimates. Another perennial problem is the contribution of new mutations
to the multifactorial or partially genetic diseases which account for 90% of
all genetic diseases in humans. The 1980 BEIR report assigns a 10-fold range
of uncertainty to this mutational contribution and it is a topic which deserves
continued attention for this reason.
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(x) The quantitative assessment of the carcinogenic hazards of
radiation in humans depends ultimately upon the follow-up of cancer mortality
and cancer incidence in human populations who were exposed to high radiation
doses in the past • Canadian contributions to this area include the continuing
follow-up of Newfoundland fluorspar miners, Ontario uranium miners and Eldorado
employees who were exposed to high concentrations of radon daughters in the
past; these studies are being carried out by other agencies. The follow-up of
breast cancer incidence in female patients exposed to multiple X-ray
fluoroscopies during treatment of tuberculosis, which is currently being
carried out by the National Cancer Institute of Canada, was originally
stimulated by the work of H.B. Newcombe (retired) (see report AECL-5243, 1975).
The record-linkage methods used in all of these studies were originally
developed at CRNL. More recently Branch personnel have been involved in
assessing the results of all of the above studies as they become available and
in organizing a feasibility study on follow-up of patients who had received
diagnostic doses of iodine-131. The initial results of this latter study,
which was carried out at the University of British Columbia, indicate that a
large proportion of the required medical records from the period around 1960
have been destroyed. Other methods of obtaining data on potential thyroid
cancers due to iodine-131 are being considered.

(xi) As in the past, Branch personnel continue to contribute towards
published reviews on the health effects of ionizing radiation, including the
inhalation of radon daughters. The health effects of energy production have
also been reviewed in detail.
Basic Research on Radiation Effects

It is generally believed that, in terms of genetic and carcinogenic
hazards, the critical target in living cells is DNA, the hereditary material in
the cell which carries the instructions or blueprints for all life processes.
Much of the Branch research program on mechanisms of action of radiation deals
directly or indirectly with DNA. We have studied the nature of DNA damage from
exposure to ionizing radiation and cancer-causing chemicals and the enzymatic
repair processes which help to protect cells from these insults. This research
is at the forefront of basic research in molecular biology; the purpose is an
understanding of how exposure to ionizing radiation produces carcinogenic and
mutagenic effects. This understanding is, as noted above, crucial to an
understanding of the shape of dose-response curves and, thus, to accurate
prediction of the late effects of ionizing radiation at doses which are so low
that no effects are directly observable against a high spontaneous background
of similar events in human populations. Comprehension of the basic biological
principles involved also facilitates an extrapolation from predicted biological
effects of radiation on humans to reasonable predictions of effects on other
living organisms, without a detailed and lengthy examination of each of the
multitude of other types of living organisms in the environment.

The field of molecular biology continues to develop rapidly,
particularly with the recent discovery of "oncogenes" (cancer-causing genes)
and with recent applications of recombinant DNA technology. High quality
research at CRNL in this area is essential in order to keep abreast with the
impact of the most recent developments in the biological sciences. As noted in
a recent discussion of this topic at the 1984 UNSCEAR meeting, research in
molecular biology "involves the techniques that are likely to greatly impinge
on future risk estimates". A number of major invited reviews in this field
have been published recently by Branch personnel.
Practical Spinoffs

Spinoffs of practical application in other areas are more likely to
arise from basic research on mechanisms of radiation action than from research
on assessment of radiation hazards. Recent contributions from Branch research



include the following: (a) Collaboration with Health. Physics Branch on the
development of a sensitive neutron dosimeter. Expertise in the preparation of
gels used for UNA studies in molecular biology proved valuable in this
collaboration; a commercial patent has been applied for. (b) Studies on
interactions between hyperthermia and ionizing radiation in living organisms
are highly relevant to the clinical treatment of cancer. Published research
work, in this area has led to invitations to one of the Branch members to
participate in scientific meetings concerned with clinical applications of
hyperthermia plus radiation, (c) Applications of recombinant DNA technology
have enabled us to make appreciable progress towards a possible cure of genetic
disorders associated with inherited deficiencies in DNA repair. Bacterial
plasmids containing specific DNA repair genes from yeast plus other DNA inserts
to facilitate their survival in human cells have been constructed. It is our
intention to test these plasmids in the near future for their ability to
reverse the effects of inherited DMA repair deficiencies in human cells in
tissue culture. (d) Development of laboratory methods for identification of
cancer-prone persons suffering from inherited abnormalities in their DNA repair
systems. This development, which is continuing, involves a study of the
responses of cultured human cells from various individuals to selected
carcinogenic agents. The methods are expected to be valuable to physicians
concerned with medical counselling. (e) Collaboration with personnel from
other Branches at CRNL on the development of automated colony-counting
equipment. A market for efficient counters of this type is anticipated in many
hospital and public health laboratories. The necessary technology appears to
be available; it remains to be determined whether an efficient automated
counter can be built at a reasonable price.

Earlier spinoffs include: (f) Development of computer methods to
facilitate a search of large numbers of individual records for medical
information concerning health and causes of mortality. Originally developed to
assist with the assessment of radiation hazards, these methods are now widely
used, in Institute of Canada, by various provincial agencies and by
representatives of a number of Canadian universities to obtain variety of
potential occupational hazards, (g) Development of a simple and rapid method
to assay DNA damage by fluorescent assay of DNA unwinding. This method, which
has been patented, is now used in a number of other research laboratories to
study DNA damage caused by a variety of toxic agents. The technique was also
recently employed at CRNL in an invited collaboration on an international study
under the auspices of the World Health Organization for development of
short-term in vivo tests for genotoxic agents.



- 9 -

2. Health Physics Branch
by

G. Cowper

2.1 Staff

2.2 Neutron Dosimetry

2.2.1 Sensitivity of CR-39 Plastic to Low Energy Protons
2.2.2 Bubble Damage Polymer Detectors
2.2.3 Conversion Factors Relating Neutron Flucace and Dosimetric Quantities
2.2.4 Neutron Spectroscopy
2.2.5 Technical Assistance for University of Costa Rica
2.2.6 Special Publication on "Neutron Dosimetry in Radiation Protection"

2.3 Thermoluminescence Dosimetry

2.3.1 Automatic TLD Reader AEP-5256B
2.3.2 Unmounted TLDs in Dosimeter Badges
2.3.3 Sensitization of LiF as a Function of Sensitizing Dose and Effects

Upon Energy Dependence
2.3.4 Piezo-Luminescence of LiF in the Automatic TLD Reader.
2.3.5 Dosimeter Plaque AEP-5272B
2.3.6 Laser Heating of TLDs
2.3.7 TLD Dose Calculator
2.3.8 TLD Glow-Curve Plotter

2.4 Beta Dosimetry

2.4.1 Testing of the Extrapolation Chamber

2.5 Tritium Monitoring

2.5.1 HTO Measurements by a Flow Modulation Technique
2.5.2 Portable Tritium-in-Air Monitor
2.5.3 Discriminating Tritium-in-Air Monitor
2.5.4 Tritium Area Monitor
2.5.5 Electrometer Development
2.5.6 Tritium-in-Water Monitor at NPD
2.5.7 Upgrading of an AEP-5293 Tritium Monitor
2.5.8 Tritium Safe Handling Course

2.6 Stack Effluent Monitor

2.6.1 Processor-Controller and Noble Gas Detector
2.6.2 Filter Change System
2.6.3 Particulate Detector and Iodine Detector

2.7 Radiation Instrument Developments

2.7.1 125I Monitor
2.7.2 Sealer/Count Rate Meter AEP-5341
2.7.3 Airborne Beta-Particulate Monitor AEP-5331
2.7.4 Doorway Monitors
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2.8 Radiation Dose Monitoring

2.8.1 Radiation Dose Recording
2.8.2 Body Radiation Doses
2.8.3 Hand Radiation Doses

2.9 Publications and Presentations

2.9.1 Publications
2.9.2 Presentations
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2.1 STAFF

W.G. Cross
H. Ing

A.R. Jones

R.G.C. McElroy

R.M. Holford

Draftsmen

Personnel Monitoring

Branch Head
Secretary

G. Cowper
N.L. Hayward

Assistants: A. Arneja
P.J. Bunge
N.O. Freedman
K. Cundari(l)

Assistants: A.H. Ohno
W.F. Richter

Assistants: M. Wood
R.A. Surette

B.A. MacDonald(2)
J.H. Sneddon(2)

J.M. Vincent
T. Romaniszyn

(1) Joined branch May 9, 1984.
(2) On loan from Drawing Office.

National Summer Students

R.W. Mitchell, supervisor A.R. Jonest arrived May 1, 1984.
M. Gibb, supervisor H. Ing, arrived May 7, 1984.

Local Summer Student

T-L. Mohns, supervisor A.R. Jones, arrived May 8, 1984.

Waterloo Student

D. Pecena, supervisor R.M. Holford, arrived April 30, 1984
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2.2 NEUTRON DOSIMETRY

2.2.1 The Sensitivity of CR-39 Plastic to Low Energy Protons
W.G. Cross, A. Arneja and H. Ing

Tommasino et al have reported that by using high temperature
electrochemical etching (ECE) the response of CR-39 neutron dosimeters can be
extended down to 24 keV and also has a much smaller variation from 0.1 to 14 MeV
than when conventional pre-etching and room-temperature ECE are used^. However,
their results at energies below 100 keV were quite variable. Also, it is difficult
to get accurately-known fluences of monoenergetic neutrons, free from higher energy
neutrons, in this energy range. To test the capabilities of this etching technique
we are therefore studying the response of CR-39 to monoenergetic protons below
150 keV.

Initial attempts to produce a satisfactory proton beam directly from
an ion source were unsuccessful, since we were unable to control the beam at the
very low currents required (approx. 10"~l->A). The protons were therefore
scattered at 135° from a thin (approx. 20 ̂ g/cm^) foil, after being analyzed in a
crossed-field electrostatic and magnetic filter. A silicon surface-barrier
detector was used to measure the fluence of scattered protons and to check the
spectrum. When the beam was scattered from a gold foil, it was found to contain a
significant component of heavy ions (mostly nitrogen) which are scattered very much
more strongly than protons. A carbon or VYNS scatterer was therefore used, which
either eliminated back-scattered heavy ions or reduced their energy enough that
they were not expected to produce tracks in CR-39.

ECE in 6N K0H solution was done for 5 hours at 60°C and at 40 kV/cm.
For protons below 100 keV the production of easily-visible tracks was found to
depend on the length of time between irradiation and etching - a delay of two weeks
being required for 50-keV tracks. Storage of irradiated foils in oxygen did not
appear to accelerate this effect. This long delay can be avoided by treating the
CR-39 in water before etching. With this treatment we are able to detect about 80%
of 30-keV protons, incident normally, and a smaller fraction of 20 keV protons.
However, the background in CR-39 is considerably higher than when conventional
etching is used and a better quality of CR-39 is desirable.

2.2.2 Bubble Damage Polymer Detectors
H. Ing and H.C. Birnboim (Radiation Biology Branch)

A three-month contract was signed with the Atomic Energy Control Board
(AECB) to explore the applicability of bubble damage polymers detectors to personal
neutron dosimetry. Under this contract, improvements have been made to the
detector preparation technique to allow the preparation of up to about 200
detectors per day having less than 10% variation in detection sensitivity. Effects
of certain parameters which could influence the quality of the detectors were
investigated and a convenient method of reading the detectors was examined.

^L. fomïnasino, G. Zapparoli, R.V. Griffith, S. Dieffal and P. Spiezia. Personnel
neutron dosimetry by CR-39 plastics with chemical etching, electrochemical etching
and their combination. Proc. of 6th Int. Congress of IRPA, Berlin, 1984,
pp.1201-1204.
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Properties of these detectors were studied. It was found that the
detectors could be stored for months with no detectable change in detection
sensitivity. However, once the detectors were sensitized, their sensitivities
dropped over an initial period, but then appeared to remain stable, for a period of
about 8 days, although their characteristics were rather erratic. This behaviour
is not understood and requires more study.

A method was found which prevented bubbles from fading over periods of
months so that the detector can be read at any convenient time after irradiation.
The detectors, in principle, can be reprocessed for re-use, but the exact treatment
for regaining identical sensitivity has not been established.

A report on these findings has been submitted to the AECB. Based on
these findings, the AECB as well as the Canadian Centre for Fusion Fuels and
Technology have expressed interest in providing continual financial support over a
three year period. A long term research proposal is being prepared.

2.2.3 Conversion Factors Relating Neutron Fluence and Dosimetric Quantities
W.G. Cross and H. Ing

Values of various conversion factors, derived from calculations
described in PR-HS-8 and compiled from the literature, have been presented as
functions of neutron energy in tables and graphs. These quantities include the
kerma, dose equivalent and quality factor for small volume elements, the maximum
dose and dose equivalents in a 30-cm diameter cylindrical tissue phantom
and the dose and dose equivalent at 1 cm depth in 30—cm cylindrical and spherical
phantoms. Values for different phantoms are compared with one another and with the
ICRP's effective dose equivalent. Empirical analytical expressions are given for
the energy variation of some of these conversion factors, to aid in calculations of
average conversion factors for distributed spectra.

A paper describing this work has been accepted by Radiation Protection
Dosimetry.

2.2.4 Neutron Spectroscopy
W.G. Cross and H. Ing

A chapter on this topic, described in PR-HS-16, for Volume II of
"Techniques in Radiation Dosimetry" (K. Kase, B. Bjarngard and F. Attix, eds.), to
be published by Academic Press, has been completed and sent to the editors.

2.2.5 Technical Assistance for University of Costa Rica
H. Ing

A neutron generator had been acquired by the University of Costa Rica
for neutron activation applications. A new building was constructed to house the
machine, but radiation shielding had not been incorporated into the building
design.

At the request of the IAEA and the government of Costa Rica, a visit
was made to the University of Costa Rica in the capacity of a technicxl expert.
After seeing the laboratory and discussing the intended use of the accelerator, a
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simpie shielding was designed. It consists essentially of a massive (3.2 m x 3.0 m
x 2.7 m high) block of concrete, made by stacking small concrete bricks and
containing a hole which allows the target assembly and beam tube to be easily
inserted deeply into the block. The proposed shielding will reduce the radiation
levels outside the building below the limit permitted for individual members of the
public.

Interlocks and warning devices for the laboratory have been described
along with precautions for the handling of tritium and ozone. Considerations
pertaining to initial start-up of the machine and for routine operation are
discussed. It was recommended that an electronics engineer be assigned to the task
of maintenance and operation of the neutron generator.

A report on the safe operation of the new laboratory has been
submitted to the IAEA.

2.2.6 Special Publication on "Neutron Dosimetry in Radiation Protection"
H. Ing (with E. Piesch, Karlsruhe Nuclear Research Centre, Karlsruhe,
Germany)

A special issue of Radiation Protection Dosimetry on "Neutron
Dosimetry in Radiation Protection" has been prepared for publication. It includes
30 invited papers by 41 authors from 22 institutions in Europe and North America
covering a variety of current topics in neutron dosimetry. Five of the papers were
written at CRNL.

All papers have been reviewed, edited and sent to Radiation Protection
Dosimetry for publication in late 1984.

2.3 THERMOLUMINESCENCE DOSIMETRY

2.3.1 Automatic TLD Reader AEP-5256B
A.R. Jones and W.F. Richter

A rare and intermittent fault was noticed which caused the anvil to
drop before the TLD was properly heated« Because of the nature of the fault it was
not possible to detect the cause but it is believed to be due to intermittent noise
pulses which produced a signal at the microprocessor input corresponding to the
anvil drop temperature.

A software change in the microprocessor has therefore been made which
requires 256 consecutive samples at or above the correct temperature, thus reducing
the probability of failure.

Following this change no failures have occurred.

Mechanical parts for a second reader of the current design were
fabricated but inspection showed them to be defective. They have been reworked and
are now satisfactory.
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2.3.2 Unmounted TLDs in Dosimeter Badges
A.R. Jones and W.F. Richter

Eight thousand TLDs removed from old plaques have been cleaned and
annealed. They were sensitized at 30 krads instead of 80 krads because this has
been found to reduce the zero-reading without a proportionate loss in sensitivity.

Samples drawn from different batches and read in the hot nitrogen
manual reader, in which they are normally used, showed adequate uniformity with and
without exposure.

Styrofoam discs have been made to retain these unmounted TLDs in place
in the photobadges where they will permit a quality assurance function to be
carried out. Thus the sum of the readings from the plaque mounted dosimeters which
are measured at two-week intervals during an extended period will be compared
with the reading of this unmounted TLD which is processed once at the end of this
period.

2.3.3 Sensitization of LiF as a Function of Sensitizing Dose and Effects upon
Energy Dependence
Â.R. Jones and W.F. Richter

Both theory and measurement indicates that sensitization increases
slowly with dose in the range 10^ - 10^ rads. Until now, our practice has been
to use a dose of 8 x 10^ rads because the maximum sensitivity should be achieved
at or near this value. However, it was decided to examine the performance of TLDs
sensitized with a smaller dose because they are expected to have a more useful
energy response.

The difference in performance between those exposed to 30 krad and
80 krad is summarized in the table.

Sensitizing Dose

relative sensitivity
% standard deviation at 1R
Reproducibility at 1R (%)
% residual reading
3rd reading (mR)
standard deviation (mR)

3 x 10* rad

O.99+.O7*
7.6
1.5
0.11+.03*
4.29
0.73

8 x 104 rad

1.00
13.4
2.5
0.14+.08*
6.61
1.31

** 2 x standard error

Mayhugh and Fullerton* have shown that the energy dependence of TLDs
is affected by the sensitizing dose. The smallest dependence (approx. 10% for
photon energy greater than 30 keV) should occur at 30 krad. Since satisfactory
sensitization has been found at this dose level a comparison has been carried out

*M.R. Mayhugh and G.D. Fullerton. Altering the Energy Dependence of LiF TLDs by
Pre-Irradiation. Medical Physics 1, p.275 (1974).
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of the energy dependence found at 30 krad and 80 krad sensitizing doses. This was
done with dosimeters mounted as for use either in individual dosimeter badges or in
the package used for environmental dosimetry to include factors contributed by the
material surrounding the TLD chip»

For irradiation in free air and normally incident radiation the
effect of the changing the sensitizing dose was more pronounced but when the
dosimeters are exposed on a phantom to irradiation from all around little
difference in energy dependence was found. In this situation which more closely
corresponds to actual use of personnel dosimeters incident photoric are both
scattered and absorbed in the phantom and thus are no longer homogeneous in
direction or energy.

2.3.4 Piezo-Luminescence of LiF in the Automatic TLD Reader
A.R. Jones

Because the TLD is squeezed between the hot anvil and the lighc pipe
while the TLD is being read tests have been made to determine the relative f
contribution of piezo-luminescence to the signal. It was found to be undetectable
(<0.2 mR from a dosimeter exposed to 16 R).

2.3.5 Dosimeter Plaque AEP-5272B
A.R. Jones

The original dosimeter plaque has been modified to accept
MgB4Û7:Dy TLDs which are more sensitive than LIF TLDs and are suited to the
measurement of small doses acquired over periods up to one week, e.g., for use by
short term visitors.

2.3.6 Laser Heating of TLDs
A.R. Jones

It was suggested in AECL-8266 (PR-HS-16), Section 2.3.6, that a 5-W
CO2 laser beam would be sufficient to heat a thick TLD in 5-10 seconds.

Such a method gives promise of several advantages over the hot anvil
heater which is pressed against the TLD in the existing reader:

- a more uniform heating time and rate (independent of the quality of the physical
contact)

- a smaller differential between the bottom and top surfaces. This would make glow
curve analysis easier and more useful

- the elimination of the small thermocouple in contact with the top of the TLD.
(this is probably the most easily damaged component of the present reader).

A 5-W wave-guide laser which is small enough to be built into the
existing reader has been obtained for this investigation.

The initial tests confirmed that the beam power was more than adequate
and required attenuation by a silicon filter to 3-4 W. This filter was also needed
to prevent material from falling into the laser and absorbing any visible light
emitted.
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Measurements made of the beam profile, using a thermocouple, indicate
that uncertainties in positioning the TLDs should not seriously affect the heating
rate and heating time since the beam's cross section area is larger than the TLD).

The TLDs, which are square, are mounted in a teflon ring mount which
supports them at their corners so that little heat is lost laterally and also this
type of mount permits the infra-red to fall directly on the TLD.

An earlier model of the TLD reader has been modified to permit light
to be transmitted from the TLD to photo-multiplier tube through a fibre-optics
light-guide.

2.3.7 TLD Dose Calculator
A.R. Jones, R.M. Holford and W.F. Richter

The dose calculator has been put into service. It is used to
(a) compute the calibration factors of batches of uniformly irradiated dosimeters
and (b) to calculate the doses accumulated by dosimeters in normal service from the
dosimeter readings using the calibration factors and corrections for zero signals
from unexposed dosimeters and corrections for background accumulated during
non-working hours.

>
The library file of calibration factors is maintained on a 3^" Sony

Microdisk and since there is a continuing need to make changes in this calibration
file, due, for instance, to replacement of lost or damaged plaques, programs have
been written to allow minor corrections and additions. No attempt is made to
rewrite the current calibration file, instead a new file is created, with a
distinctive header record, so that the old file can be retained as a back-up.

A program has also been written to allow direct exchanges of data
between the calibrator (or a similar 1802-based computer) and the CRNL Central
Computer using a 2400 bits/sec modem. This form of transmission is not yet
sufficiently reliable for routine use, however, and so paper tapes are still
required.

2.3.8 TLD Glow-Curve Plotter
R.M. Holford and T. Romaniszyn

A wire-wrapped circuit board has been constructed for the RCA BUS that
holds four multiply/divide units (CDP 1855) together with appropriate address
decoding. The package of floating-point routines, which was originally written for
the TLD dose-calibrator, has been modified to utilize these multiply/divide units
whenever this is advantageous. The execution time for multiply and divide
operations using the modified routines is about 2 ms which is similar to that for
an add or subtract. Execution times for more complex operations such as logarithms
or square roots are also reduced, by a factor of about three.

The other special board required for the glow curve plotter is a
high-speed sealer to accept pulses from the TLD reader at up to 10 MHz. This
sealer board would be read by the microprocessor at regular intervals and then the
counting rate would be plotted (on a dot matrix printer) as a function of time.
Computer simulation îas shown, however, that it is difficult to produce a smooth
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curve in this way when the counting rate is of the order of one per time interval.
A smooth curve can still be constructed if additional information is provided in
the form of a more precise indication of the time of arrival of each pulse within
an interval, since at low counting rates the reciprocal of the interval between
successive pulses can be used as an estimate of their frequency. (This principle
is used in many modern frequency meters).

The design for the sealer board has therefore been modified to include
an extra 8-bit register which will provide the time of arrival of the last pulse
registered by the sealers. The microprocessor clock (2,4576 MHz) will be scaled
down to 25.6 kHz, which will define the time-resolution capability of the board,
and this signal will be scaled by another factor of 256 to 100 Hz to define the
read-out interval (10 ms). Each pulse from the TLD reader will transfer the
current state of the 25.6 kHz sealer to a latch and also increment a 16-bit
counting sealer. Every 10 ms the microprocessor will receive an interrupt signal
indicating that the board is ready for read-out. The board has been designed and
constructed as far as possible, and is currently awaiting delivery of integrated
circuits.

2.4 BETA DOSIMETRY v

2.4.1 Testing of the Extrapolation Chamber
A.R. Jones

A German extrapolation chamber which was damaged in transit has been
repaired by the manufacturer and has now been tested using a 50 mCi
^Osr/^ÛY source calibrated at PTB. The output of this source had been
measured at PTB with a chamber of similar design. The difference between the
certified output from the source and our measured output was 1.4% which is within
the uncertainty of intercomparison and indicates that the chamber may be used with
confidence.

2.5 TRITIUM MONITORING

2.5.1 HTO Measurements by a Flow Modulation Technique
R.G.C. McElroy, M.J. Wood and R.A. Surette

We have now built up a complete working laboratory prototype monitor
based upon the flow modulation technique. However, significant improvements and
refinements are necessary before this instrument is available for field testing.
In particular, a new display and microprocessor controller will be necessary. This
will likely be based upon the unit being constructed for the Stack Effluent Monitor
Filter Change System.

At the present time, the controlling software has not been optimized
to maximize the signal to noise ratio, nor to reject spurious signals such as
those due to humidity changes or to changing gamma fields. The success of this
further software refinement will determine the ultimate sensitivity and time
constant of the monitor.

A problem which may limit the ultimate sensitivity is a spurious
response related to the humidity of the sampled air. While the origin of this
signal is not presently understood it appears to be related to ion chamber surface
cleanliness.
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It appears that this monitor will be most useful for measuring low
chronic HTO concentrations where fast response is of secondary importance or where
an integrating monitor is required.

2.5.2 Portable Tritium-in-Air Monitor, AEP-5321/Scintrex 209
R.G.C. McElroy and M.J. Wood

No further development work was done, or is planned, on this monitor
as it is now a fully licensed and commercially available instrument. However, we
will continue to provide technical support to Scintrex if requested.

The testing of this monitor by Ontario Hydro Safety Services
Department at Pickering has been completed. We observed part of the field trial at
NPD and also re-tested the monitor which was tested by Ontario Hydro. Our analysis
of these various tests and trials shows that the monitor is a most useful survey
type instrument but should not be used at temperatures greater than 35°C. The
tests confirm the design criterion that the instrument should not be read in gamma
fields greater than a few mR/hr and in this case, the monitor should be used as a
sampling device, i.e., the air pump is switched off in the area of interest and the
instrument whose ion chamber then contains a possibly active air sample is carried
to a lower background area for reading.

A Scintrex 209 monitor has been purchased by R&IS Branch and it will
be modified to provide some suppression of HT and/or Noble gas response then used
in the Chalk River Tritium Extraction Plant.

2.5.3 Discriminating Tritium-in-Air Monitor
R.G.C. McElroy and R.A. Surette with E.C. Davey, S. Kupca and R.T. Faught
of Electronics Branch

It has been decided that it is most cost effective to use the area
tritium monitors (currently under development) in the new discriminating monitor.
Work on the discriminating monitor was thus somewhat delayed as the requirements
for the Tritium Area Monitor (section 2.5.4) were clarified.

2.5.4 Tritium Area Monitor
R.G.C. McElroy, M.J. Wood and R.A. Surette with E.C. Davey of Electronics
Branch

A detailed specification of an area tritium monitor was prepared and a
laboratory demonstration unit built. This monitor is based largely on currently
proven technology but with some new refinements only possible in a microprocessor
controlled instrument.

The detailed design of this instrument will be done by our licensee,
Scintrex. The administration of this development work will now be carried out by
E.C. Davey of Electronics Branch and we will remain involved largely in a
consultative role with specific responsibility for the electrometer and ion chamber
designs.

The monitor is proposed for use in the Chalk River Tritium Extraction
Plant and as a component of the new discriminating monitor.
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2.5.5 Electrometer Developments
M.J. Wood and R.G.C. McElroy

The success of a particular ion chamber-based tritium monitor is often
limited by the performance of the electrometer so a systematic and continuing
electrometer development program has been started.

At present, electrometers suitable for use in portable instruments can
measure to about the femtoamp level with the ultimate sensitivity usually limited
by the temperature response and leakage current of the input stage and feedback
element.

The temperature response of the feedback element commonly used is
about 0.5%/°C. We have tested a feedback configuration employing a temperature
sensitive semiconductor device to eliminate the effect of this variation. This new
configuration is indeed effective, but at the cost of some complexity.

A more serious problem is the leakage due to the input mosfet. We
are, therefore, carrying out a search for better mosfets and are investigating more
appropriate biasing schemes. ">

2.5.6 Tritium-in-Water Monitor at NPD
R.A. Surette

At the request of NPD Section we assisted in restoring to service an
AEP-5252 Tritium-in-Water monitor at NPD GS. This monitor is an on-line monitor on
the process water and feed water dump.

2.5.7 Upgrading of an AEP-5293 Tritium Monitor
R.A. Surette, M.J. Wood and R.G.C. McElroy

We had previously examined this particular Tritium Monitor and while
the instrument was appropriately calibrated and working properly, we felt that the
sensitivity could be usefully increased by a factor of 10, This modification was
undertaken.

When the feedback resistor in the electrometer was replaced, it was
noted that the measured leakage current in the input was much larger than expected.
It was eventually determined that the leakage current was caused by the high
operating temperature of the electrometer used in the monitor. It appears that the
currently available stock of the specified mosfet input transistor is not suitable
in this application. For this reason no more electrometers of this type will be
made.

The monitor under repair was returned to service after changing the
temperature set point of the electrometer oven. While the performance of the
monitor after this change was good, it was not significantly better than that which
could be obtained using much simpler modern circuits, such as the electrometer in
the AEP-5321.
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2.5.8 Tritium Safe Handling Course
R.G.C. McElroy

A lecture prepared on Tritium Monitoring for the Tritium Safe Handling
Course organized by the Canadian Fusion Fuels Technology Project has been delivered
at Princeton University. It will be repeated when the same course is presented at
CRNL in the last quarter of this year and a formal set of lecture notes is in
preparation.

2.6 STACK EFFLUENT MONITOR

2.6.1 Processo.—Controller and Noble Gas Detector
A.R. Jones

The processor-controller and noble gas detector have been installed in
building 109 (constructed at the base of the stack to contain all the components of
the stack monitor). The noble gas detector can be placed in operation for field
testing and commissioning when sample lines from the stack line to the building are
installed.

2.6.2 Filter Change System
R.A. Surette, B.A. MacDonald, R.G.C. McElroy and R.M. Holford

Detailed construction drawings for the filter change mechanisms, the
lead castles and the support tables have been completed, estimates based on these
drawings approved and jobs have been submitted to the workshops. The first changer
is scheduled to be available for testing in November with the remaining units due
in January 1985.

The design of the flow system has been completed and most of the
component parts have been specified.

The mechanical design of the local controller for the filter changer
has been completed and the chassis delivered and all the component parts have been
ordered.

The controlling software for the local controller has been defined in
terms of specifications and flow charts. Coding has not yet begun. To facilitate
software development our existing computer was upgraded to 64K of memory and a "C"
compiler installed. We have already used this system successfully to burn üOMs
containing the controlling software for the modulated flow monitor (see section
2.5.1).

The writing of the system manual has begun.

A life-time (approx. 30 years) supply of both types (iodine and
particulate) of filter discs has been procured.

2.6.3 Particulate Detector and Iodine Detector
R.M. Holford and T. Romaniszyn

The final version of the amplifier/discriminator/scaler board of the
particulate detector has been constructed and successfully tested.
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Testing of the discriminator board for the iodine detector units
uncovered a problem with input slew-rate limiting in the comparator (type LM311).
A replacement part with similar pin connections and improved specifications
(CMP-01) has been ordered.

2.7 RADIATION INSTRUMENT DEVELOPMENTS

2.7.1 1 2 5I Monitor
R.M. Holford and D. Pecena

A monitor is required to detect leakage from the 125j production
facility. It must be highly specific in detecting 125j s o a s to avoid spurious
alarms due to ^-^Xe (the parent isotope of ^^^1) or fission-product
radio-iodines such as -"li. At present a single-channel scintillator
(AEP-5219) is used with a thin (3 mm) Nal(Tl) detector and an energy 'window'
around 30 keV. This instrument already provides considerable discrimination in
favour of ^^1, however, to further enhance the specificity of the monitor,
alternative techniques are being evaluated.

(i) K-edge filters. The Ka x-rays from
 12^x have an energy of about 27.4 keV

whereas the energies of the radiations from the potential interferring isotopes
(xenons and iodines) are all greater. Indium has a K-absorption edge at 27.94 keV
and can therefore be used to discriminate between ^25j a nd most other isotopes.
Cadmium, with a K-absorption edge at 26.71 keV can be used as control since it
should have similar ab3orption properties to indium except in the energy 'window'
between 26.71 and 27.94 keV. A practical instrument would be similar to the
existing single-channel scintillometer but would have means for inserting a metal
foil of either indium or cadmium between the source and detector. The difference
in counting rates between the two foils would be taken as a measure of the 125j
activity. Experiments have shown that the ratio of counting rates for the two
foils using an l^I source varies from 2.6:1 in close-up geometry to over 4:1
with greater distance between source and detector. (The difference is due to the
probability of detecting secondary x-ray fluorescence produced in the foils).
The change in counting rate using a 129j s o u r c e > a n emitter of 30 keV x-rays
was about 20%, presumably reflecting a mismatch in the foil thicknesses, and the
difference was negligible for isotopes emitting more energetic radiations.

(ii) Coincidence counting. Two photons of similar energy are emitted for each
disintegration of 1-i->I. Therefore, by using two single-channel scintillometers
viewing the same source, and looking for coincident events, another highly specific
design for an 125j monitor is possible. This technique has an advantage over
the K-edge method in that, provided a short coincidence resolving time is used, the
background rate is low and there is therefore less statistical noise resulting from
its substraction. On the other hand, the effective efficiency of 125j ^ s a\so
fairly low, since it is the product of the efficiencies of the two detectors.
Tests with isotopes other than 125j have shown that any source producing
coincident gamma rays, for instance °®Co, w±n also show a significant
coincidence counting rate due to inelastic scattering in both the detector and
surrounding materials.

A third possible means of achieving improved specificity for
would be to use a cooled solid-state detector with sufficiently sharp resolution to
allow for discrimination between the K^ x-rays from 125x and 125xe using
conventional electronic methods.
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2.7.2 Scaler/Count-Rate Meter AEP-5341
A.R. Jones

A laboratory prototype has been built and tested. It is required to
replace two obsolete instruments - a health physics sealer and a portable count
rate meter.

The design has the following features:
- an 8 decade sealer
- a linear count—meter (0-1000 counts/s"-*-)
- a logarithmic count-meter (10-10,000 counts/s"*)
- a pulse amplifier (xlO)
- a discriminator (+0-10 V)
- a timer (1 s to 1000 min., switched)
- a HV supply (0-1500 V, metered)

The temperature sensitivity of the sealer and count-rate meter has been tested over
the range -20 to +50°C. Only for the logarithmic count rate circuit and the H.V.
supply was the drift with temperature unacceptable. Modifications to the circuitry
have reduced these drifts to acceptable levels. ,

No change in performance with battery voltage over the range 6-7 V and
line voltage over the range 100 to 120 V was found (the instrument may be powered
by an internal lead acid battery or by line power). The discharge life of the
battery is 25 hours.

The dead-time of the discriminator is 5 microseconds.

2.7.3 Airborne Beta-Particulate Monitor AEP-5331
A.R. Jones

The engineering prototype has been built and software for the
microprocessor used is being written.

2.7.4 Doorway Monitors
A.R. Jones

Although the detectors and shielding of the existing monitor are
appropriate for its original purpose the electronic circuits are obsolete.

Design has begun of replacement electronics which would also increase
the sensitivity and which would allow identification of the area of highest
contamination on a person.

2.8 RADIATION DOSE MONITORING

2.8.1 Radiation Dose Recording
R.M. Holford

AECL radiation dose data for 1983 were successfully transmitted to the
National Dose Registry. Agreement has been reached in principle to include
additional fields in t.ie Company-Wide Personal Files (CPRS) covering the
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requirements for initial registration into the National Registry. This additional
information was not ready in time for this year's submissions but should be
available in future years.

2.8.2 Body Radiation Doses
J.M. Vincent and T. Romaniszyn

Since the last report (PR-HS-16) there have been two whole-body
radiation doses exceeding the 600-mrem two-weekly administrative control limit, two
skin doses exceeding the 1600-mrem two-weekly administrative control limit and one
extremity dose exceeding the 4-rem two-weekly administrative control limit.

In the fourteen-week period ending 1984 June 29 and in the
calendar year to this date there were the following distributions of radiation
doses.

CRNL - Whole Body Dose

Dose Range
rem

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

419
2534
78
8
2
0
0

Total
Dose
(rem)

0
109.18
52.09
9.90
3.47
0
0

57 mrem

67 mrem

Calendar Year

No. of
monitored
persons

367
zA35
145
52
32
9
1

Total
Dose
(rem)

0
152.78
104.28
63.65
53.62
20.35
2.69

131 mrem

149 rarem
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Radiochemical Company - Whole Body Dose

Dose Range
rem

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

242
231
5
0

Total
Dose
(rem)

0
17.87
3.55
0

45 mrem

91 mrem

Calendar Year

No. of
monitored
persons

199
265
13
1

Total
Dose
(rem)

0
25.31
9.62
1.11

75 mrem

129 mrem >

CRNL - Skin Dose

Dose Range
rem

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.99
3.00 - 3.49
3.50 - 3.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

419
2510
88
16
6
1
1
0
0

Total
Dose
(rem)

0
105.85
60.66
18.61
10.40
2.10
2.58
0
0

66 mrem

76 mrem

Calendar Year

No. of
monitored
persons

367
2414
142
62
31
14
8
2
1

Total
Dose
(rem)

0
148.38
103.45
75.52
55.14
31.57
21.74
6.28
3.58

147 mrem

167 mrem
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Radiochemical Company - Skin Dose

Dose Range
rem

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.9C
3.00 - 3.49
3.50 - 3.99
4.00 - 4.49

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

242
218
11

5
0
1
0
0
0
1

Total
Dose
(rem)

0
19.92
7.88
6.27
0
2.48
0
0
0
4.11

85 mrem

172 mrem

Calendar Year

No. of
monitored
persons

198
244
24
6
2
2
1
0
0
1

Total
Dose
(rem)

0
25.16
17.55
7.63
3.27
4.26
2.63
0
0
4.15»

135 mrem

231 mrem

2.8.3 Hand Radiation Doses
J.M. Vincent and T. Romaniszyn

In the fourteen-week period ending 1984 June 29 and in the calendar
year to this date the following distributions of extremity doses were measured by
finger-tip TLDs. J

Dose Range
rem

less than 0.99
1.00 - 1.99
2.00 - 2.99
3.00 - 3.99
4.00 - 4.99
5.00 - 5.99

18.00 - 18.99

CRNL
Fourteen
Weeks

85
7
1
0
0
0

0

Calendar
Year

109
16
4
2
0
0

0

Radiochemical
Fourteen
Weeks

32
5
1
1
0
0

0

Company
Calendar
Year

33
7
4
1
0
1

1
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W.G. Cross and H. Ing. Quality Factors for Monoenergetic Neutrons. Rad.
Research _99_, 1-19 (1984).

H. Ing and W.G. Cross. Spectral and Dosimetric Characteristics of a
D20-Moderated

 252Cf Calibration Facility. Health Phys. 46_, p. 97 (1984).

W.G. Cross. Health Physics Neutron Generator: Report on Operation from
1983 January 01 to December 31. AECL-MISC-228-83 (February 1984)

W.G. Cross. FINS Neutron Generator: Report on Operation from 1983
January 01 to December 31. AECL-MISC-229-83 (February 1984).

W.G. Cross. Canadian Progress Report to the NEANDC October 1982 to March
1984. NEANDC(Can)-52/L (March 1984).

A.R. Jones. The Accuracy of Dose Assessment for External Beta and Gamma
Radiation. Proc. 6th IRPA International Congress 3_, p. 1014 (1984).

A.R. Jones. A Machine Readable Dosemeter Plaque with a MgB4O7:Dy TLD
and its Performance. Radiation Protection Dosimetry 6_, p. 71 (AECL-8237) (1984)

A.R. Jones. A Review of Techniques and Detectors used in Instruments for
Field Measurement of Beta-Doses and Dose Rates. NUREG/CP-0050, p. 141 (1984).

2.9.2 Oral Presentation

H. Ing and H.C. Birnboim. Neutron Detection Sensitivity of Bubble Damage
Polymer Detectors. Presented at Health Physics Society Annual Meeting, New
Orleans, LA., June 3-8, 1984.

R.G.C. McElroy. Tritium Area Monitoring at the Chalk River Tritium
Extraction Plant. Presented at the 5th Annual Meeting of the Canadian Radiation
Protection Association, Banff, Alberta, May 1984.

B.F. Peterman, P. Fuhry, J.R. Johnson and R.G.C. McElroy. Internal
Dosimetry of Tritiated Hydrogen Gas. Presented at the 5th Annual Meeting of the
Canadian Radiation Protection Association, Banff, Alberta, May 1984.

R.G.C. McElroy. Tritium Monitoring. Tritium Safe Handling Course,
Princeton University, June 1984.

A.R. Jones. Developments in Thermoluminescent Dosimetry at CRNL. Lecture
given at NRPB, Chilton, U.K. May 4, 1984.
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3. ENVIRONMENTAL RESEARCH BRANCH

by

R.V. Osborne

3.1 STAFF

3.2 INTRODUCTION

3.3 ENVIRONMENTAL PROCESSES AND TECHNIQUES

3.3.1 ENVIRONMENTAL FLUID DYNAMICS

- Studies on Heated Plumes
- Meteorological Support for Studies on Heated Plumes
- Snowmelt and Chemistry of Snowmelt Infiltration
- Precipitation Chemistry in a Forested Watershed
- Lake Energy and Water Budget Studies
- Regional Energy Budgets
- Deuterium and Energy Balance Study of the Snowmelt Process
- Streamflow Generation Studies
- Field Scale Heterogeneity and Hydrodynamic Dispersion
- Analysis of the 40 m Tracer Test Data
- Mechanical Dispersion in Natural Geologic Environment
- Characterization of Spatial Variability and Dispersivity
Prediction for Statistically Homogeneous Porous Media

- Experimental Investigations of Dispersion in Porous Media

3.3.2 ENVIRONMENTAL CHEMISTRY, GEOCHEMISTRY AND BIOCHEMISTRY
- Chemical Speciation of Contaminant Plumes at CRNL
- Downhole Column Studies with Long-Lived Radionuclides
- Laboratory Column Experiments
- Modeling of Cr-EDTA Behaviour in Laboratory Columns
- Nuclide Concentrations in Freshwaters

Tin in Surface Waters
- Environmental Behaviour of Tritium - Collaboration with the
Commission of the European Communities (CEC)

- Uranium Series Nuclides Mass Balances
- Controls on Radionuclide Sorption

3.3.3 BIOLOGY

- Microbial Mediation of Radionuclide Transport
- Study of Co and Cs and their Stable Isotopes in Benthic
Organisms and Sediments in Perch Lake and the Ottawa River

- Bioaccumulation of Trace Metals in Lake Waters
- Stable Cobalt in Fish
- Temperature Effects on Stream Insects
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3.4 ASSESSMENT CRITERIA, TECHNIQUES AND IMPLEMENTATION

3.4.1 ASSESSMENT CRITERIA

- Criteria for Waste Disposal

3.4.2 ASSESSMENT TECHNIQUES
- Dispersion of Accidental Releases of Radionuclides to the

Atmosphere
- Thermal Imagery for Detecting Groundwater Discharge
- Groundwater Discharge, Method Development
- Determination of Vertical Connectivity between Precarabrian Rock
and Surface Waters

- Flux of Groundwaters across Boreholes near Shield Lakes
- Lakebed Thermometry for Detecting Groundwater Discharge
- Measurement of Atmospheric HT
- Uranium Series Disequilibrium

3.4.3 RADIOLOGICAL SITE DESCRIPTION AND DOSE ESTIMATION
- Overburden Hydrology Modeling
- Waste Management Area B
- Waste Management Area C

3.5 ANALYSIS AND MONITORING

3.5.1 INSTRUMENTS AND METHODS
- Clean Room for Analytical Chemistry and Instrumentation
- Ion Chromatography
- Instrumentation for Industrial Flow Measurements Using
Radiotracers

- Development of Radiotracer Technology
- Transfer of Radiotracer Technology
- Updating of Effluent Samplers
- Commercial Alpha Analyses
- Electronic Instrumentation

3.5.2 RADIOLOGICAL MONITORING RESULTS
- Gamma Exposure Rates near CRNL
- Gamma Exposure Rates at CRNL
- Radionuclides in Precipitation and the Ottawa River
- Radionuclides in Surface Water
- Radionuclides in Liquid Effluents
- 41Ar in the CRNL Stack Effluent Argon

3.5.3 MONITORING PROGRAMS AND SERVICES
- Cooperation with Outside Agencies - Canadian Air and Precipitation

Monirorirv; Network (CAPMON)
- 3.1C.LOC Loi oft io ' i. Examina t Ion of Water Sy- .%i«s
- Fe DéterminâtLon at ng/mL Levels
- Organic Carbon Analysis
- NRX Rod Bay Leakage
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- Emergency Procedures - Computer Analyses
- Emergency Procedures Review
- Review of CRNL's Meteorological Capabilities
- Meteorological Support of Hybrid Heating Experiment
- CRNL Climatological Report
- Training Afforded in Environmental T and C Analysis

- Low Grade Heat Utilization on Aquaculture

3.6 PUBLISHED PAPERS, REPORTS, PRESENTED PAPERS, INFORMAL TALKS

3.6.1 - PUBLISHED PAPERS
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Thompson
Welch
Wildsmith
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Young

University of Waterloo
(reported 84 01 03, terminated
84 04 19)

National Hydrological Research
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Department of Earth Sciences
University of Waterloo
Department of Earth Sciences
University of Waterloo
(term 84 05 01)
transferred to Health Physics
Branch 84 02 27

University of Waterloo
(reported 84 06 05)
University of Waterloo
(reported 84 05 28)
National Hydrological Research
Institute, Environment Canada
University of Toronto
(reported 84 02 24; term 84 04 26)
University of Waterloo
University of Toronto
(reported 84 05 07)
Department of Geography
University of Toronto

* Editor of Current Progress Report
** Tnnsfnrred from Radiorhemir.-il Company, Ort: : 8i 06
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R. Rempel

M.J. Smith

S. Taylor

D. Turnbull

R.J. Watters

University
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University
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University

of Waterloo
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of Waterloo
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of Waterloo
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B.J. Thompson
D.G. Harriss
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G.I. Thomson

W.J. Carmody
D.M. Bennett
A.E. Davies
C. Reitlingshoefer

Reporting Date
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84 04 30
84 05 08
84 05 07
84 05 07

84 05 02
84 05 14
84 06 01
84 06 21
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3.2 INTRODUCTION - R.V. Osborne

In this report the work of the Branch is presented in three main
sections: Environmental Processes and Techniques, Assessment Criteria, Techniques
and Implementation, and Analysis and Monitoring.

In the Environmental Processes and Techniques section, the emphasis is on
basic research and on applications of nuclear techniques and facilities. The
former Involves investigations of the fundamental nature of environmental processes
particularly those concerned with atmospheric and aquatic dispersion, for example
energy balances in lakes, the behaviour of radionuclides at fluid/solid interfaces
and the effect of biota on the distribution of radionuclides. The latter involves
our general interest in exploiting radloisotopes or our nuclear facilities for
studying environmental processes.

In the Assessment Criteria, Techniques and Implementation section the
research described is related to estimating or predicting the potential doses to
human populations from radioactivity or from surveys of the actual distributions of
radionuclides that are already dispersed in the environment. Accordingly, research
in this section involves;

- developing models to describe the fluxes of radioactivity through
environment media to human populations,

- adapting our understanding of environmental processes to transport
calculations; for example, identifying the important properties and
processes that have to be considered,

- determining the distribution in the environment of radionuclides; for
example, in the neighbourhoods of the various waste management areas at
CRNL,

- developing the laboratory and field techniques to determine the parameter
values needed in the transport equations and models, and

- work towards establishing appropriate criteria for assessments.

The third section, Analysis and Monitoring, comprises the reports of
developments in the various techniques - chemical, radiochemical, instrumental and
environmental measurement - that support the research and monitoring program of the
Branch. The results of the Branch's measurements of current releases of
radioactivity from CRNL to the environment are reported, and the activities of the
Branch in other monitoring programs and commercial work are noted.

The locations of the various research facilities and areas mentioned in
the report and the monitoring points are shown on Figure 3.2.
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3.3 ENVIRONMENTAL PROCESSES AND TECHNIQUES

3.3.1 ENVIRONMENTAL FLUID DYNAMICS

Studies on Heated Plumes - P.J. Barry, D.P. Wildsmith with
W.N. Selander (Mathematics and Computation Branch), P. Slawson
(University of Waterloo)

The changes in the thermal plume sampling array discussed in the last
report were continued through the winter and spring. Field preparation and
installation of the equipment has taken much longer than expected and was only
completed at the end of the period. No experiments have been carried out.

The initial momentum jet behaviour of the burner plume is being
investigated via the equations of motion for a bent-over jet in a cross-wind,
with the object of determining a virtual origin for the buoyancy-dominated phase
of the plume. The effect of wind shear on the jet is a complication that is-
currently being resolved.

In the small-scale (water flume) work, various experiments on elevated
and surface finite length line sources of heat in a crossflow have been
completed both in the previous small water flume and the present new larger
water flume at the University of Waterloo. The results of these experiments
have indicated that the model given by Professor P. Slawson in an unpublished
report (1976) adequately describes plume behaviour from these sources. An
empirical formula for the lift-off distance for a surface release has been
determined and agrees with that given by Meroney* except for a multiplicative
constant.

Meteorological Support for Studies on Heated Plumes - E. Robertson,
P.J. Barry, F.C. Brown

All the wind instruments used in this study were sent for calibration
during the winter. They are being installed and tested at the experimental •
field to be ready for the resumption of the experimental work.

Snowmelt and Chemistry of Snowmelt Infiltration - P.J. Barry, P.C. Jay
with A.G. Price (University of Toronto)

The study of snowmelt and infiltration processes and the measurement
of the Input fluxes of atmospheric-derived tracers (particularly nitrate and
sulphate) was continued. The spring melt was followed with a complete suite of
radiation and snowmelt rate measurements. The residual snow pack was sampled
dally at each of five sites for water content and chemical analysis. The melt
water was collected every two hours for volume measurement and chemical
analysis. Soil cores down to 5 m were taken every 3 or 4 days, and were cut
into 6 cm long sections. Pore water was recovered by centrifuging, its volume
measured and then analysed. The residual water in the soil section was then
determined gravimetrically. Anion analyses for the snow and melt water were
completed but the processing of the cut soil cores is still to be finished.

* R.N. Meroney - Journal of Industrial Aerodynamics, Vol. 5, 1(1979)
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Precipitation Chemistry in a Forested Watershed - P.J. Barry with
A.GT Price, R.J. Watters (University of Toronto)

Forty trees were fitted with stem flow collectors in the early
spring. Nine through-fall collectors, four lysimeters at 5 cm depth to sample
infiltrating water, and two underbrush collectors were also installed. By the
end of the period 11 precipitation events had been sampled for water volumes and
analysed for major anions and cations. To measure fluxes of water and chemicals
to the forest floor the area has been surveyed and mapped to determine the
density of individual tree species and the distribution of tree size. This work
is continuing.

Lake Energy and Water Budget Studies - E. Robertson, P.J. Barry,
F.C. Brown, P.C. Jay, D.P. Wildsmith

Annual energy budget calculations for Perch and Maskinonge Lakes have
been completed for 1983. Net solar radiation to the lake surfaces was about 9%
higher than the mean of the previous 14 years' measurements, resulting in an
annual evaporation from Perch Lake of 73.0 cm compared to the 14-year average of
68.5 cm. These evaporation estimates are needed for estimations of groundwater
and tritium fluxes to the lakes. *

Equipment for these studies has been set out as in previous field
seasons and routine data collection has started-

The stream gauging weirs in the Perch Lake Basin are routinely
surveyed and water levels are taken manually twice a week and tabulated on the
recorder charts at each weir. The integration and estimation of
Perch Lake Outlet and inlet stream flows is done by Water Survey of Canada
(Environment Canada) when they receive the recorder charts from each weir. Flow
data are used for water, tritium, and chemical budget calculations.

Flushing of each gauging weir to remove all leaves and debris, which
may have accumulated during the winter, was done in May.

Regional Energy Budgets - E. LeDrew, A. Hougham, M. Smith (University of
Waterloo), P.J. Barry

The objective of this project is to determine the usefulness of remote
sensing techniques to estimate surface reflectivity (albedo) of representative
surface covers so that large area energy budgets can be estimated. Surface
reflectivity was measured over several surface covers to establish ground
truth- The field season extended over 6 weeks during which time both LANDSAT 4
and LANDSAT 5 would make several passes. During one pass of LANDSAT 5 an
aircraft-borne infrared spectrometer was to be flown over the CRNL property-
Cloud obscured all but one satellite pass. This one pass was also successfully
coordinated with the single airborne survey. The field season was regarded as
successful. The data will be analysed during the next several months.



-37-

Deuterium and Energy Balance Study of the Snowmelt Process - R.M. Brown,
W. Workman with A.G. Price (University of Toronto)

Energy, mass and natural deuterium balances in the snowmelt process
have been studied during the spring of 1984 at a forested site in the Perch Lake
basin. Data for samples from a plastic-lined runoff plot have been analyzed for
three example periods:

(i) snowmelt only

(ii) snowmelt plus modest rainfall

(iii) snowmelt plus dominant rainfall

The first example period demonstrates the overall energy balance
conditions during snowmelt in a deciduous forest. Net solar radiation generated
about 90% of the snowtnelt. Because of the conditions of extreme atmospheric
stability which occur over a melting snowpack, the turbulent exchanges (sensible
and latent heat) were very small. The deuterium data showed only small
variations for the runoff from the snowpack with values essentially identical to
that of vertically integrated snow cores ( ÔD = - 130 parts per thousand).

In the second example period, drainage and raingauge data indicated
that of a total runoff of 10.3 mm, 6.3 mm was rain and 4.0 mm was snowraelt. The
energy balance data suggested that as much as 5.0 mm of the runoff may have been
snowmelt. Taking the latter case, with snowpack §D of - 130 parts per thousand
and rain <5D of - 52 parts per thousand, 6D of the runoff would be expected to be
- 89 parts per thousand. The observed value was - 95 parts per thousand. After
the rain stopped, snowmelt continued for several hours and over the next 24
hours the deuterium values of the runoff returned slowly to the snowpack <5D
value of - 130 parts per thousand.

In the third example period 45.0 mm of rain fell onto the snowpack
over a 48-hour period. For this period, total melt due to net solar radiation
was 3.1 mm and melt due to heat held in the rain was 1.8 mm, so the snowraelt
water was 10% of the total water input* Before the rain started, runoff was at
the snowpack 6D value of - 130 parts per thousand. After the first 26 mm of
rainfall at a 6D value of - 96 parts per thousand, the runoff had a <5D of - 98
parts per thousand showing almost all of the water reaching the base of the
snowpack during this major rain-on-snow event was rain and not snowmelt. This
confirms the energy balance estimate of the small amount of snow melted by the
heat of the rain (1.8 mm) and indicates that large rainfalls have relatively
little influence in promoting snowmelt.

Streamflow Generation Studies - R.W.D. Killey, J.H. Munch, R.J. Cornett,
R.M. Brown, W. Workman with A.S. Abdul, R.W. Gillham (Waterloo Research
Institute), A.G. Price (University of Toronto)

CRNL studies of the sources of streamflow began in March 1983,
investigating groundwater and chemical contributions to all streams in the Perch
Lake basin during snowmelt, and contributions to one stream during the summer
(all other surface flows ""ceased from July to September 1983). The highlights of
the results so far are:
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1) During the 1983 snowmelt period for which calculations could be made,
from 83 to 99% of the flow in 6 sub-basins in the Perch Lake basin was
supplied by groundwater discharge. There is an inverse correlation
between percentage of groundwater in the stream and percentage of
wetland in the basin. Percentage groundwater contribution to the stream
with summer storm flow data increased from 88% during snowmelt to 92 to
94% in summer.

2) The concentrations of tritium in the stream that receives H from
discharging contaminated groundwater were not correlated with
calculations of total groundwater input based on deuterium measurements.

o

3) The concentrations of SO^ ~ in the streams in the Perch Lake basin
cannot be simulated using a snowmelt/groundwater mixing model based on
groundwater contributions provided by the deuterium data.

Thus, to date we have confirmed that groundwater is a major component
in streamflow at all times of the year. The groundwater contributions during
snowmelt are considerably higher than most values reported in the literature on
summer storm events, but are in good agreement with results obtained in a
Norwegian snowmelt study. Results also highlight the difficulty in applying
such information to contaminants that are not uniformly distributed in the
groundwater and that are chemically reactive in the system under study.

At the beginning of March 1984, heated intake assemblies were
constructed and fitted to sequential samplers and installed at Inlets 2 and 3 of
Perch Lake. Daily composite and four-hour interval stream samples were
collected at both sites. As in 198.3, snowmelt/precipitation quantities were
measured and samples were collected at the Price-Hendrie site, adjacent to
Inlet 3. Relatively rapid melting of the snowpack produced a well-defined peak
in stream discharge rates; relative contributions of surface runoff and
groundwater discharge to the streams cannot be determined until the deuterium
mass spectrometer is again available.

Compilation of literature pertinent to the influence of basin
morphology on groundwater contributions to stream discharge has begun and is
continuing . The possibility of collaborative streamflow generation/chemistry
studies with staff of the Ontario Ministry of the Environment labs at Dorset was
discussed with Dr. B. Lazerete. A collaborative experiment is planned for the
next quarter.

A.S. Abdul and R.W. Gillham, the principal investigators in the
contract to the Waterloo Research Institute, report that results of the
controlled field experiment performed last fall are in very good agreement with
predictions of a finite-element digital simulation code that they developed
under a previous contract. The code was designed specifically to simulate the
effects of the capillary fringe (the zone of soil immediately above the water
table that is saturated under tension due to capillary rise in the porous
medium) on hydraulic head distributions during snowmelt or rainfall events. The
code was successfully tested against laboratory sandbox experiments, and the
current contract is to provide field tests of the model and to perform
sensitivity analyses. One set of field experiments were performed in
Sept-Oct 1983. In response to precipitation, a very rapid rise in the water
table was observed adjacent to the stream channel where the capillary fringe



-39-

extended to or close to surface. This resulted in the formation of water table
ridges on both sides of the stream, with groundwater flow directed primarily
towards the stream, but with some flow directed away from the stream.
Groundwater contributions to the total stream flow were approximately 50% early
in rain events, but declined to about 20% at later times as increasing amounts
of rain entered the stream by overland flow in areas where the water table had
risen to ground surface. These experiments illustrate the importance of
features very close to the stream in controlling groundwater behaviour. They
also help to show why discharges of contaminated groundwater to streams in the
Perch Lake basin do not match total groundwater inputs to streams - groundwater
contributions to storm flow events tend to come from very localized sources.

Staff of the Department of Earth Sciences at the University of
Waterloo are continuing to test the coupled capillary fringe-streamflow routing
model against field data from the Borden experiment. Sensitivity analyses are
also in progress.

Field Scale Heterogeneity and Hydrodynamic Dispersion - G.L. Moltyaner

The current assessment models used for geosphere and biosphere
analysis are based on the modified advection-dispersion equation which takes
into account the major processes occurring during the transport of radionuclides
by subsurface waters. For the modelling purposes, hydrogeologic parameters such
as hydraulic conductivity, porosity, and dispersivity must be known. In order
to make use of the available models, it is usually necessary to assume that the
stated parameters remain uniform throughout the entire region of interest.

In reality, however, subsurface materials are seldom uniform; on the
contrary, their macroscopic properties exhibit spatial nonuniformity and
variability and in many situations we must recognize our uncertainty with regard
to the exact nature of field heterogeneities. Techniques which take into
account the existence of uncertainty (error) and spatial variability in the
variables and parameters of dispersive processes make use of stochastic models
as opposed to deterministic models in which each variable and parameter can be
assigned a fixed number. In the past few years, the work that has been done
using the stochastic concept at the macroscopic scale can be categorized as
follows:

(i) Evaluation of uncertainties caused by measured errors in input
parameters (effect of the statistical distribution in the input parameters on
the statistical distribution of the output variables using deterministic
models).

(ii) Evaluation of uncertainties, associated with the inherent spatial
variability of input parameters.

The following three studies that are being undertaken at CRNL take
into consideration both approaches for estimation of transport parameters.

Analysis of the 40 m Tracer Test Data - G.L. Moltyaner, M. Thompson

The unique aspect of the tracer test performed in 1983 is the use of
the "dry-access-tube" instrumentation for monitoring I tracer movement In the
site aquifer allowing evaluation of longitudinal dispersivities at centimetre
vertical increments. Due to this fact the spatial arrangements of the aquifer
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heterogeneities became known; hence, the obvious way to attack the problem of
parameter variability is to estimate from measured parameters of the
heterogeneous system the parameters of an equivalent homogeneous system using
deterministic models. The analysis of the 40 m tracer test data using classical
dispersion equation with effective parameters is underway and the deterministic
dispersivities obtained from vertical and time profiles for the heterogeneous
aquifer give a reasonable value for the effective dispersivities of the tracer
test aquifer.

Mechanical Dispersion in Natural Geologic Environment - S.R. Taylor,
G.L. Moltyaner, R.W.D. Killey

Another unique aspect of the tracer test performed in I'̂ d3 is that the
monitoring technique enables us (1) to evaluate the statistical properties of
the hydraulic conductivity distribution of the aquifer and (2) to correlate
hydraulic conductivities between boreholes. In order to obtain the hydraulic
conductivity distribution along the flow line, the aquifer will be divided for
analyses purposes into layers according to the tracer migration pathways and
sampling ports of multilevel samplers. The latter are used for measuring
hydraulic head distribution within the aquifer. The vertical hydraulic
conductivities will be obtained from the laboratory analysis including the
parameter tests. The results will be compared with the estimates of hydraulic
conductivities based on grain size analyses. The evaluation of hydraulic
conductivities and dispersivities using undisturbed cores of the tracer test
aquifer is underway. On the basis of laboratory experiments, interpretations of
the tracer test data and calculations of hydraulic conductivities, velocities,
and dispersivities, we hope to get answers to the following questions:

1. How do the parameters of the equivalent formation relate to the
parameters which are measured in the lab and in the field?

2. To what extent do the estimates depend on the scale of measurements?

3. Will we gain an understanding of the transport processes using the
stochastic type of approach?

The approach undertaken in this study may be considered as a way towards
integrating stochastic and deterministic techniques.

Characterization of Spatial Variability and Dispersivity Prediction for
Statistically Homogeneous Porous Media - G.L. Moltyaner

This work is initiated by a research contract with the University of
Waterloo (principal investigators E.A. Sudicky and J.A. Cherry) and represents
stochastic approach for determining dispersive characteristics of a porous
medium. The application of stochastic modeling techniques for the analysis of
dispersion due to hydraulic conductivity variations requires knowledge of the
statistical structure of the hydraulic conductivity field. In an effort to
provide necessary information thirty-nine multilevel groundwater samplers were
installed in the C.F.B Borden aquifer. The overall network was sampled for
chloride determination yielding a three-dimensional "snapshot" of the Bordon
Aquifer Plume. It was observed that much of the plume irregularity has been
dissipated by dispersion and the plume now takes a Gaussian shape. It was
concluded that the centroid position of the tracer zone is migrating at uniform
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rate. The statistics of primary concern (mean, variances, and auto-covariance)
were calculated for three cores taken along a line in the direction of flow. It
was shown that the theoretical auto-covariance function can be closely fitted to
the average of the measured functions. The dispersivity value was calculated
for an assumed parallel stratification of the aquifer using this
auto-covariance.

In early June 20 cores were taken from the site. The one- and
two-dimensional auto-covariance calculations will be obtained from these data.
A permeameter device has been constructed to obtain the hydraulic conductivity
of each 0.05 m subsample. Work performed during the next quarter will explore
the need for a three-dimensional analysis.

Experimental Investigations of Dispersion in Porous Media
- R.W.D. Killey, G.L. Moltyaner

Compilation and preliminary processing of data from the 40 m tracer
test are now complete, and we are proceeding with more extensive analyses. Some
highlights of results currently on hand are:

1) A vertical section displaying the distribution of hydraulic conductivity
along the axis of flow downgradient of the injection well has been
prepared. This has been based on the observed velocities of tracer
migration and measured hydraulic head distributions, and provides 'our
best definition of the structure of the aquifer. We can now demonstrate
the existence of interfingering strata ranging from 0.2 to 1.1 m in
thickness and with lateral dimensions in the direction of flow of
approximately 20 m. Hydraulic conductivities of these layers range from
1.3x10" to 3.5x10" cm.s" . Similar ranges of hydraulic conductivity
have been measured in borehole samples and tests, but prior to the
tracer test there was no method by which the variations could be
correlated between holes. The tracer test data give us a framework for
deterministic modelling of the flow systems and a basis for estimating
stratigraphie characteristics of other sands with a similar depositional
history.

2) The degree of dispersion within individual strata is very small.
Results of the 1983 experiment confirm data obtained in the smaller
scale test performed in 1982. Over distances of up to 25 m,
longitudinal dispersivities within strata are almost identical to
results from laboratory column tests using the same sands - averaging
0.35 cm. With the 1983 data, we can now also determine vertical
transverse dispersivities, and these are also very small, averaging
0.07 cm. We note that this is the first time that both longitudinal and
transverse dispersivities have been determined from field data.

There remains a great deal of work to complete the analysis of the
test data and of the implications of the experiment for the simulation of
dispersion in other porous media flow systems. In the past 3 years, however,
there have been several theoretical studies of the effects of stratification on
the spreading of contaminants in groundwater. To our knowledge, this is the
first data set that is sufficiently complete that rigorous tests of the models
can be made.
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Papers on the methodology and results of the tracer testing at the
Twin Lake site were prepared and presented at the spring meeting of the American
Geophysical Union in May. The work WJ.S well received and generated considerable
interest.

A search for non-reactive longer-lived gamma-emitting tracers has been
initiated; some studies have reported the successful use of K3 Co(CN)^ as a
non-reactive tracer. We are now investigating procedures for synthesizing
K 3

 57Co(CN)6 and K 3
 59Fe(CN)6.

The variation in hydraulic conductivity within aquifers is a major
factor in determining large-scale contaminant spreading. The permeability of
soils is often estimated from grain-size distribution data. The validity of
these estimates and the correlation between horizontal and vertical permeability
are being studied through detailed analyses of cores recovered from the axis of
the 1983 tracer flow path. Core measurements will be compared with the direct
measurements of permeability provided by the tracer test.

3.3.2 ENVIRONMENTAL CHEMISTRY, GEOCHEMISTRY AND BIOCHEMISTRY
1

Chemical Speciation of Contaminant Plumes at CRNL - D.R. Champ,
J.L. Young with D. Robertson (Batelle, PNL)

Radiochemical analysis of groundwater samples from several sampling
points downgradient of the Glass Block Site, A Disposal Area, the Chemical Pit
and Reactor Pit 2 have been completed. Detailed analysis for organic
constituents has been partially completed. The specific objective of this
preliminary sampling program was to assess for the presence of long-lived
radionuclides and to determine the potential for detailed chemical speciation
studies.

The analyses have shown the presence at very low concentrations of
several low-level long-lived radionuclides in all sites other than the Glass
Block site, and also the occurrence of significant variations in the chemical
form of some elements. Some highlights of the results are:

239 240 238
- , Pu and Pu have been detected in the Chemical Pit, A-Disposal and

Reactor Pit plumes at concentrations » 0.03 to 3.6 Bq.L~ . The Pu is
present largely in anionic form (>95%) in all plumes.

•'Am is present in the same 3 plumes at concentrations of a 0.005 to 0.26
Bq.L" . The chemical speciauion is very variable; in the Chemical Pit plume
it is predominantly cationic (>95%) whereas in the Reactor Pit and
A Disposal plumes it is predominantly anionic, K 90% and 60% respectively.

Cm and
0.002

Cm have been detected only in the Chemical Pit Plume
Bq.L" ) and are present predominantly as cations (« 85%).

99Tc is present (0.26 to 2.6 Bq.L"1) as an anion (>98%) in the Chemical Pit
plume but less than 50% is anionic in the A Disposal and Reactor Pit plumes
(concentrations < 0.07 Bq~ ).
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Low levels of I (< 0.04 Bq.L ) have been detected in all 3 plumes, the
percentage anionic is similar to that for Tc.

Ni is present in readily measurable amounts in the Chemical Pit (12.9 to
16.7 B q . L ) and Reactor Pit (« 0.37 Bq.L" ) plumes and in detectable
amounts (< 0.22 Bq.L"1) in the A Disposal plume. It is present primarily as
anions (>90%) in the Reactor Pit plume but as a cation (>60%) in the
Chemical Pit plume. Detectable levels of Ni are also present.

Sr is present as a cation in all plumes (0.07 to 2.7 kBq.L" ).

Cs is present in readily measurable amounts down-gradient of the glass
blocks and is predominantly (>90%) associated with particles. This result
confirms our previous assumptions and laboratory column results. Similar
analyses for the Chemical Pit plume suggest that these particles may be
removed by filtration in the porous media since the percentage of
particulate associated Cs decreases downgradient (based on two sampling
sites) from < 60% to < 20%. In the A disposal plume the percentage
particulate increased slightly downgradient from 6 to 10%, the concentration
decreased from « 1.9 to « 0.15 Bq.L" ; however, in both cases the Cs was
predominantly cationic (> 85%). By comparison in the Chemical Pit plume the
soluble Cs was predominantly anionic (50-70%). The low levels in the
Reactor Pit plume (< 0.04 Bq.L" ) were inadequate to assess the speciation.

Analysis of the results is continuing and the future directions of the
program are being assessed.

Downhole Column Studies with Long-Lived Radionuclides - D.R. Champ,
J.L. Young

Site preparation is continuing. Preparation of core columns has been
delayed due to a shipment of core tubes which did not meet the necessary
specifications. It has also been noted at the site that the interfaces between
the silt/clay layers and the sands are sharply sloping. This may result in some
difficulties in column preparation. Further hardware is being manufactured, in
CRNL's machine shops, for fabrication of the core columns for this and other
studies. We anticipate placing the core columns in the wells by early July;
equilibration should be completed by early October.

Laboratory Column Experiments - D.R. Champ, J.L. Young

The columns and detector systems have been prepared for a second set
of experiments using Cr-EDTA. The objective of the experiments is two-fold;
to determine whether the losses of Cr-EDTA on the columns is due to direct
adsorption or prior interaction with dissolved species in the eluent followed by
adsorption, and to utilize the results for further testing of modeling
techniques for contaminant transport. The latter objective will be met by using
a set of Nal detectors to monitor the passage of the Cr-EDTA in the column
itself and by comparing these data with data obtained from analysis of Cr-EDTA
in column effluents. The former objective will be addressed by comparing the
elution of Cr-EDTA off of columns pre-equilibrated with groundwater and
double-distilled deionized water. The columns have been equilibrated and the
detector system is currently being fabricated.
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Modeling of Cr-EDTA Behaviour in Laboratory Columns - G.L. Moltyaner

Development of 1-D analytical model for studying the behaviour of
reactive radionuclides was reported in the previous progress report,
PR-HS-L6. The raod"l is based on the assumption that the relationship between a
reactive solute and the solid matrix is the linear reversible kinetic equation.
The model was used for analyzing Cr-EDTA behaviour in short laboratory columns.
The calculated forward and backward adsorption rate coefficients are 0.026 and
0.018 h"1 for column 3 and 0.026 and 0.023 h for column 4. The modeling
results showed the predictive capability of the developed model.

Nuclide Concentrations in Freshwaters - R.J. Cornett, L. Chant, B. Risto

(a) Sediment Dating Using 210Pb

210Measurements of Pb are now completed in all sediment cores. To
test the accuracy and precision of our technique with those of other
laboratories, we have completed a series of inter-laboratory comparison
measurements on U/Th ore samples. Precision of our analyses was excellent. The
average coefficient of variation of triplicate analyses was k%. Analysis of the
accuracy of the results awaits results from the other laboratories. Provisional
rates of sediment accumulation have been calculated for most sediment cores.
However, we must extrapolate from a few cores to the whole lake. One way to
correct for the site specific nature of the cores is to assume that stable Pb
and bulk sediment accumulate in a constant ratio. From a knowledge of the
average mass of Pb in the lake sediments, and the mass in a single core, the
whole lake sediment accumulation rate can be determined. To use this method, we
have begun measuring the total amount of Pb in 25 cores of lake sediment in
several lakes.

(b) Co Mass Balance in Perch Lake

Radiocobalt added to Perch Lake over the past 20 years provides a
useful tool for comparing several different methods of estimating sedimentation
rates, and for evaluating the influence of sediment redistributioa upon the
pattern of contamination in the sediments.

The distribution of contaminants in lake sediments has been used
frequently to determine sources and locations of inputs. The underlying
assumption of this type of analysis is that contaminant transport and
redistribution within the lake does not mask the relationship between source of
a contaminant and the depositional pattern of sedimentation. We have tested the
assumption that sediment redistribtuion does not mask the relationship between
input and deposition by comparing the distributions of a point and a diffuse
source contaminant in Perch Lake.

Lead, an atmospherically deposited contaminant, is loaded into the
lakes uniformly across their surfaces. The resulting distribution within the
sediments should be a function of sediment particle sorting and deposition. A
point source contaminant, radiocobalt (hereafter Co), is discharged via single
inflows into Perch Lake. If sediments can be used to determine point source
inputs of contaminants, the sediments of the lake should have large quantities
of Co in close proximity to the source inflows. If processes within these lakes
control the distribution of contaminants, then the areal distribution of the
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point source material will be strongly correlated with the distribution of the
diffuse source anthropogenic lead.

Although sediments accumulate in the bottom areas adjacent to the
inflow which supplies the majority of the cobalt to the lake, sediment
concentrations of cobalt do not reflect this. In general, there is more cobalt
per unit area in sediments in the deeper parts of the lake. The pattern of
cobalt sedimentation is very similar to that of the atmospherically deposited
lead. The correlation between total mass of lead and the integrated activity of
Co was high (R = 0.56, n = 24). By comparison, the correlation between
integrated activity of Co and the distance from the inlet stream is very poor
(R = 0.17, n = 24) In Perch Lake physical and chemical processes within the
lake distribute the Co over the entire area of lake sediments.

During the period 1961-1982 inclusive, 12.1 GBq of Co (decay corrected
to 1982 September) were discharged into Perch Lake. The input of Co was not
constant through time. The concentration of Co in the inflow and the total
quantity of Co discharged increased from 1961 to 1973. Loading decreased in
subsequent years. In 1969 and 1982, the sediments contained 93% and 98% of the
total Co in Perch Lake. In both years, the frequency distributions of activity
in the cores were log-normal. The geometric means and 95% confidence intervals
were 9500 Bq.nT2 (8100-11420) and 8600 Bq-nT2 (7330-10220) in 1969 and 1982
respectively. The two sediment burdens were not statistically different.
However, by 1982, 82% of the Co measured in the sediments in 1969, had decayed
(half-life 5.25 a). Therefore sufficient Co accumulated in the sediments
between 1969 and 1982 to balance the loss by radioactive decay.

The sediment burdens comprised approximately 38% of the total Co
inputs to the lake. Prior to 1969 Co sediraented at a rate of 1.25 per annum.
The rate of sedimentation calculated using the 1982 sediment burden was 0.88 per
annum. Using a t test, these log-transformed values were not significantly
different. The rate constant for net Co sedimentation was similar during
periods of increasing and decreasing loading.

The amount of Co deposited in the sediments per annum also was
calculated from the measured Co activities in the inflowing and outlet streams.
The annual fraction of the Co inputs retained in the lake sediments was defined
as the difference between the input and the output activities divided by the
input. During the period 1973 to 1982, 45 + 8% of the inputs were deposited in
the sediments. During the summer months, measured concentrations of Co were
much lower than the expected values. To account for the rapid loss of Co from
the water during the summer, the sedimentation rate during this period was
approximately 15x greater than the annual mean.

To test further the rate constants derived from the mass balance
calculations reported above, a Co- Co tracer injection was designed.
Isolated columns of Perch Lake water (in contact with the sediments) were spiked
with Co and the removal rates for this isotope and the Co already present in
the water, were determined. Approximately 50% of Co was removed over a period
of 10 days. The removal rate of Co was much higher than the rate of Co
sedimentation during the experiment, or the rate calculated from the long term
Co mass balance. We hypothesize that the difference is due to the release of
Co from the sediments into the water. During the next quarter these results

will be verified with an additional experiment and all of the data will be
prepared for publication.



-46-

(c) Plutonium Sedimentation

To estimate the rate plutonium sediments in shield lakes, we are
aieasuriag the activities of » ru in lake sediments and soil cores. To
date, six lakes and a series of soil cores have been analyzed. From the soil
cores and other measures of atmospheric fallout, we estimate that 50-60 Bq.m~
of Pu were deposited on the lake's surface. The activities of Pu per unit
sediment area are very similar in four lakes« In these lakes approximately 50%
of the Pu deposited on the lake surface is found in the sediments. In two lakes
(Perch Lake and Currie Lake) the activities in the sediments are greater than
expected from fallout. In Perch Lake, the additional input appears to come from
the liquid waste disposal areas. The source of the additional Pu in Currie Lake
is not clear and requires further investigation.

222
Rn in Surface Waters - R.M. Brown, W. Workman

222-,
There has been interest in determining the concentration of ^ n in

stream water to estimate the input of Pb to lakes by this route. The
detection limit of our liquid scintillation mmeasurement of tin in water has
been lowered from » 0.22 Bq-L"1 to 0.04 Bq«L~ by extracting the Rn from 100 mL
water samples into 20 mL toluene scintillator solution. None of the three small
streams on CRNL property analyzed have shown K.n content above this detection
level indicating the minor nature of any T"b contribution to lake sediments
from this source-

Environmental Behaviour of Tritium - Collaboration with the Commission
of the European Communities (CEC) - D.R. Champ

At the invitation of the Directorate for Biology, Radiation Protection
and Médical Research of the CEC, D.R. Champ visited the laboratories of member
countries and participated in a meeting of contractors. The primary objective
of the visit was to discuss their programs on tritium with the intent of
assessing the potential for collaboration between scientists at AECL and the
member laboratories of the CEC.

A report has been compiled which describes the research programs of
the various laboratories and highlights the potential areas for collaboration.

Uranium Series Nuclides Mass Balances - G. Brunskill (Department of
Fisheries and Oceans, Freshwater Institute, Winnipeg, Manitoba)

To determine the rates that uranium series nuclides move through
aquatic systems the inputs and losses of U, Th, Ra and Pb are being quantitated
in 4 small sub-arctic shield lakes. The amount of each nuclide in precipitation
falling on the lake's surface has been quantified. The activities of U, Th and
Ra are very low while Pb is easily measured. The Pb flux from the atmosphere is
the dominant source of Pb to the lake. Precipitation inputs of U, Th and Ra do
not appear to be significant fluxes in the mass balances. During the next
quarter the significance of stream inputs of each nuclide will be investigated.
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Controls on Radionuclide Sorption - K. Inch (NHRI, Ottawa),
R.W.D. Killey

It has been reported that a linear relationship between B.E.T. surface
area and sorbed radlonuclides was found for contaminated sands in fhree plumes
on CRNL property. These sands had been fractioned by grain-size and mineralogy.

Results of ion exchange and iron oxide leaching experiments on these
fractions in relation to surface area have been completed. The loss of activity
due to ion exchange is proportional to the loss of surface area. This indicates
that in conjunction with ion exchange reactions a dissolution of mineral
coatings on the sand is taking place. After the iron-oxide removal stage, the
mineral fractions showed a decrease in surface area which should be directly
related to the loss of an iron oxide coating. However, in the fractions
containing a large amount of mica, specifically vermiculite, an increase in the
surface area of these mineral fractions was found. The implication is that
along the edges of these micas, the acid treatment is strong enough to open the
hydrated interlayer of cations and thus increase the surface area.

Some contradictory surface area/radionuclide sorption results were
generated in a study of discrete mineral components separated from a single sand
sample. Previous analyses, showing a consistent linear relationship between
surface area and sorbed radionuclides, were made on samples segregated into
minéralogie groups. Through careful magnetic segregation, a sample was
separated into what, by optical techniques, were classified as quartz, feldspar,
sericite (altered feldspar), muscovite, hornblende, biotite, and vermiculite. A
linear relationship between surface area and sorbed radionuclide ( Sr) was not
observed in these mineral fractions. Further work will be necessary to account
for the conflicting observations.

3.3.3 BIOLOGY

Microbial Mediation of Radionuclide Transport - D.K. Champ

Microbially catalyzed processes can significantly alter groundwater
chemistry and can either directly or indirectly alter the chemistry and
environmental mobility of many elements. The fate of long-lived radionuclides
is of particular concern for prediction of the long-term consequences of
disposing of high level radioactive wastes into deep geological formations.

A draft document entitled "Microbial Mediation of Radionuclide
Transport - Significance for the Nuclear Fuel Waste Management Program" has been
prepared for internal review. The specific objective of the document is to try
to answer the question, "Can microorganisms significantly alter the migration of
radionuclides of importance to the NFWMP?". It has been concluded that "the
available information on the existence and biochemical capabilities of
microorganisms does illustrate the potential for a significant effect". On that
basis experiments have been proposed to assess directly the potential.

One facet of the proposal involves manipulation of the microbiology of
sediments contained in columns by the use of precolumns containing sediments and
microflora, from diverse environments. Methods for assessing the microflora, or
extent of microbiological activity, in the column systems is one pre-requisite
for determining if manipulation of the microbiology in the columns is
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successful. Experiments have been initiated to determine the most feasible
methods for assessing the microflora.

Study of e0Co and 137Cs and Their Stable Isotopes in Benthic Organisms
and Sediments in Perch Lake and the Ottawa River - D. Andrews and
D. Evans (Trent University, Peterborough, Ontario)

Work was begun with the goal of determining the chemical or physical
fraction of the sediment best capable of being used to predict levels of
radionuclides in benthic macroinvertebrates. Initially, a survey was done of
the relevant studies in the scientific literature on sediment fractionation and
the uptake of radionuclides by benthic organisms. Several field trips were made
to sample sediments in Perch Lake and the Ottawa River. Sediment samples were
taken with a modified K-B corer and Ekman dredge.

Sediments from both sampling locations were sieved at 200 \m to
determine densities of macroinvertebrates and to collect them for analysis of
stable and radioactive nuclides. In general, very few organisms were found- In
a near-shore station on Perch Lake, no organisms or even animal remains were
observed. In a deeper station small numbers of small, early-instar chironomids
were obtained (about 600 per square metre). In the Ottawa River a larger number
and diversity of organisms were discovered although the chironomids were still
very small and only at a density of about 200 per square metre. Since so few
organisms were discovered and these very tiny, it was decided to run laboratory
experiments by introducing organisms to sediments in the laboratory having a
range of levels of Co and Cs. During the early summer when chironomids are
larger and more conspicuous, these experiments will be complemented by extensive
measurements of the stable and radioactive isotopes in the field populations.

Bioaccumulation of Trace Metals in Lake Waters - J.W. McMahon,
A.E. Docherty, J.M. Judd

Stable cobalt concentrations were determined in the surface waters of
four area lakes of differing organic carbon content. Under ice conditions
(February) cobalt concentrations were significantly higher in lakes that had the
higher total organic carbon concentrations. Monthly cobalt determinations on
the highly coloured Perch Lake waters indicate a seasonal variability with
cobalt concentrations ranging from < 0.06 yg*L~ in summer to a maximum value of
0.37 ug«L~ in February. Biological concentration factors (CF) defined by,

CF = pg stable element per g fish (wet weight)
pg stable element per mL lake water

have usually been calculated on the basis of summer data. However, more
accurate estimates of CF's for cobalt and other trace metals in aquatic biota
may require averaged annual values of the element under study.

Studies are in progress to examine the possible effect of huraic and
fulvic acids on cobalt precipitation and complexation.
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Stable Cobalt in Fish - J.W. McMahon, A.E. Docherty, S.R. Centner,

J.M Judd

Studies are continuing on the method for measuring cobalt

concentrations in fish flesh and bone. Wet ashing (concentrated nitric acid and
hydrogen peroxide) and a high temperature dry ashing technique are being
examined for reproducibility and completeness of cobalt recovery. Selected
samples are receiving cobalt "spikes" to aid in this evaluation.

Cobalt determinations have been carried out to date on Yellow Perch
and Brown Bullhead from three area lakes - two of which have high total organic
carbon content and the third which has a low organic carbon content and high
alkalinity (104.5 mg-L~ as CaCO3 as compared with _< 14.0 mg.L" for the other
two lakes). Concentration factors were calculated for stable cobalt in both
flesh and bone for the two fish species. The CF's for cobalt are higher in bone
than in flesh; factors for benthic-feeding Bullheads were higher than
carnivorous Perch. Perch from the highly alkaline Muskrat Lake had cobalt CF's
a factor of 10 higher in flesh and 20 times higher in bone than Perch from the
organic, coloured lakes. The hypothesis that bioavailability of trace elements
is enhanced by alkalinity of the lake water is currently being tested using
water and fish samples from another alkaline lake in Eastern Ontario.

Cobalt concentration factors in fish determined by previous workers
using radioactive Co compared favourably with CF values obtained in our work
with stable cobalt. This suggests that Co released to the aquatic environment
behaves similar to the stable element in terms of bioaccumulâtion by the biota.

Temperature Effects on Stream Insects - R.S. Rempel (University of

Waterloo), J.W. McMahon

The second-phase of the field investigation into thermal effects on
stream insect ecology commenced in early May. Dual control and heated channels
were located in Perch Creek, with separate water lines to each channel. The
temperature differential (4°C) was similar to the 1983 field study but flow rate
was increased in an attempt to enhance diversity of insect species colonizing
the channels. Emergence traps, located over the heated and control channels,
are sampled biweekly to provide quantitative information on time of emergence,
species diversity and population densities of emerging insects. A second set of
emergence traps, designed to collect "live" insects for studies on ovary size,
egg size, and body growth, in reference to thermal enhancement, have also been
located on the experimental channels. Statistical analysis of data is currently
in progress.

3.4 ASSESSMENT CRITERIA, TECHNIQUES AND IMPLEMENTATION

3.4.1 ASSESSMENT CRITERIA

Criteria for Waste Disposal - R.V. Osborne

The development of practical criteria from the basic radiation
protection principles as recommended by the ICRP has continued through
participation in the various international studies noted in the previous report
(PR-HS-16). The expert group report on the long-term radiological aspects of
the management of wastes from uranium mining and milling, prepared for the
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Nuclear Energy Agency of OECD, has now been completed with essentially the same
conclusions as previously reported. The main ones are that critical group
exposure is likely to be the decisive radiological factor in deciding what
management option should be preferred and that what is "reasonably achievable"
in reducing radiation doses is not easily determined in a formal cost-benefit
analysis; many factors, discussed in the report, are likely to have to be taken
into account.

Another NEA report, also just completed, on long term radiation
protection objectives for radioactive waste disposal reaches similar
conclusions. The necessity for, and the possible ways of accomplishing, a
determination of a reasonable level of control of radioactive emissions from
nuclear facilities are emphasized in the current revised draft of the IAEA's
Safety Series document on this topic.

3.4.2 ASSESSMENT TECHNIQUES

Dispersion of Accidental Releases of Radionuclides to the Atmosphere
- E. Robertson, F.C. Brown

Instrumentation on the 65 m meteorological tower at Perch Lake has
been increased to include a second aerovane at the 30 m level and seven
thermocouples distributed at 6 m intervals down from the tower top. Output from
the aerovane is on chart recorder pending installation of a signal adapter that
will allow automatic data logging.

The meteorological data system continues to be plagued with problems
due to lightning. An early storm in March disabled the RTD temperature
sensors. The data acquisition system was disabled three times during the spring
resulting in almost two months without automatic data logging. Aerovane chart
records are nearly complete.

All data are compiled for climatological records and for research
aimed at characterizing diurnal and seasonal atmospheric turbulence patterns at
CRNL.

The Atmospheric Environment Service will operate a SODAR doppler
accoustic sounder at the Perch Lake main site for six weeks starting July 04.
This instrument will measure wind profiles at elevations from 50-1000 m aloft,
and provide a comparison with tower measurements.

Thermal Imagery for Detecting Groundwater Discharge - D.R. Lee,
S.J. Welch

An airborne thermal survey was conducted at Atikokan by Intera
Technologies Ltd. on 1984 March 08 under contract to us. Ground references,
both man-made and natural, were monitored by R. Ridgway of the Applied
Geoscience Branch, WNRE. Several relatively high temperature areas were
identified, some of which were later visited by Ridgway. He also obtained water
samples from some of the groundwater discharges for tritium analysis at CRNL.
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Groundwater Discharge, Method Development - D.R. Lee, R.M. Brown,
S.J. Welch, G. Milton, L. Frost, G. Thomson

A diamond drilling crew removed jammed instruments from borehole CR21
and deepened borehole CR20 from 62 to 107 m. Initial water samples from a tube
lowered to the bottom of CR20 showed that sulfate and chloride concentrations
are approximately three times higher than they were at the former sampling
interval of 57 to 62 m. A preliminary C age of 7000 + 1200 years ( C
corrected), together with the sulfate and chloride trends, substantiates our
earlier conclusion that this borehole is situated in an area where old,
geochemically-evolved waters are moving toward the surface.

Determination of Vertical Connectivity between Precambrian Rock and
Surface Waters - D.R. Lee with L. Frost (University of Waterloo)

A masters project, entitled "Determination of Vertical Connectivity
between Precambrian Rock and Surface Waters" by L. Frost, is focused on the
problem of estimating vertical hydraulic connection in bedrock using single
borehole techniques. The ability to estimate vertical hydraulic connections can
provide a key parameter for analyses of groundwater flow systems and groundwater
contaminant problems involving low permeability materials, especially those in
which groundwater travels to the biosphere.

Flux of Groundwaters across Boreholes near Shield Lakes - D.R. Lee,
G. Thompson, S. Welch

The borehole dilution technique is being utilized to assess the flow
rates of groundwater in fractured shield gneisses at Maskinonge Lake near
Chalk River, Ontario. Borehole dilution is a technique in which a decrease in
tracer concentration over time is used to measure natural gradient flow through
a sealed section of borehole. The purpose of this project is to test the
hypothesis that lineaments (identified by air photographs and VLF-EM ground
surveys) are the major conduits for groundwater flow to surface water.

A stainless steel borehole dilution instrument, constructed in
February 1984, is currently being used in CR-20, a 106 m borehole on Maskinonge
Lake. Tests at the bottom of this hole were not possible due to the large water
volume in the loop used to circulate the tracer by pumping at the surface.
Tests, were therefore restricted to the upper 45 m of a borehole. Six 1.1 m
intervals and have been found to have dilution rates ranging from less than 0.03
to 1.0 mL per minute. Complementary data on hydraulic head and hydraulic
conductivity were also collected so that the borehole dilution results can be
compared with a traditional Darcy calculation of flux. Samples of water for
geochemical analyses were also collected in selected zones.

Lakebed Thermome.ry for Detecting Groundwater Discharge - D.R. Lee,
S.J. Welch

A second lakebed thermal-conductance drag was constructed for use at
Atikokan in July. Performance of the drag was tested in Perch Creek in areas of
known groundwater discharge. Both temperature modes of the instrument
delineated seepage areas. The conductance mode did not indicate the location of
seepage zones presumably beca •» the stream and the groundwater entering it are
of similar ionic strength. Seepage meters and mini-piezometers were installed
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along a 50-m transect for later determination of the detection limits of the
sediment drag.

Measurement of i.tmospheric HT - R.M. Brown, W. Workman

Apparatus has been constructed to sample and analyze for atmospheric
HT to determine what levels of tritium in the form of elemental hydrogen occur
in the local atmosphere as a result of emissions from the CRNL reactors and/or
the D2O electrolytic enrichment plant and to establish baseline values for
comparison with levels observed after the Tritium Removal Plant goes into
operation. The technique is that of Ostlund and Mason*. The sampling unit may
be carried into the field by tvo people. It consists of a battery-driven pump,
two molecular sieve 4A columns to strip out atmospheric HTO vapour and a
Pd-loaded molecular sieve 4A column to oxidize carrier H2 introduced into the
air stream from a lecture bottle. The combustion water is adsorbed within the
Pd-loaded column. At. a later date columns can be added to oxidize and recover
tritium from hydrocarbons in the air stream. It is planned to sample 1 m air
in 100 minutes, allowing two or three samplings per day. The sampling apparatus
is relatively inexpensive so several units could be constructed and used Lo
obtain simultaneous short-term samplings at different locations. The units
could be modified to operate at slow flow rates using low power aquarium pumps
to obtain integrated samples over extended periods. Recovery of the water in
the laboratory from six columns with purging for subsequent use requires about
24 hours and will limit the number of sarnies that can be handled.

Preliminary tests indicate the Pd-molecular sieve recombiner works
with the high efficiency reported by Ostlund and Mason. It remains to check our
cylj.nder H? for tritium contamination before taking samples in the field. Water
samples will be counted by liquid scintillation counting.

Uranium Series Disequilibrium - G.M. Milton, R.M, Brown

Two lines of research, designed to aid in the interpretation of field
data, have been pursued during this period.

(i) Kinetics of the U(IV)~U(VI) redox reaction in CR20 groundwater.

In order to monitor the direction and progress of this reaction it is
necessary to have a stock of uranium tracer held in the reduced form. The
stability of a U(IV) tracer solution over several months has been found to be
directly correlated with U and HC1 concentrations, and inversely proportional to
available 0?« A stock solution of acceptable lifetime has been prepared by
flushing the freshly reduced tracer solution (1 molar HC1) immediately with He,
and leaving a piece of Sb metal in the storage vessel to serve as a holding
reducer.

For studies of the uranium redox reaction CR20 groundwater samples
were collected in glass scintillation vials sealed with silicone-TefIon gaskets
and Gtored in a larger sealed glass bottle filled with the same water to prevent

* H.G. Ostlund and A.S. Mason, Tellus XXVI pp 91-102 (1974)
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access of atmospheric 0 2 to the sample vials. Hypodermic injections of reduced
and oxidized tracers plus equivalent volumes of purged 1 molar KOH were
performed through this protective water cover, as were the subsequent removal of
aliquots for determination of uranium speciation, using the analytical technique
described in the last progress report (PH-HS-16). U(IV) was approximately 75%
oxidized within one day, totally converted within two days. No reduction of
U(VI) tracer was observed. This groundwater (pH = 8.45, E^" - 20 mV) is on
the border between oxidizing and reducing environments for uranium. Allard
et al.* (1980) calculated an E h value of - 70 mV for the U(IV) U(VI) redox
potential at pH 8). However, the lack of a rapidly reversible couple in this
water makes the oxidation potential difficult to measure and probably highly
unstable. More sophisticated equipment permitting in-situ monitoring of pH and
Eft is required to verify the results obtained.

(ii) Adsorption/Desorption of Uranium Thorium and Radium by Several
Naturally-occurring Fracture Surface Materials

Adsorptive uptake of U, Th and Ra from dilute solution by reagent
CaCO3, calcite, chlorite and an amorphous iron compound collected from natural
fractures has been followed for two years. The equilibrating solutions were
then replaced by 'unspiked' solutions and ratet» of desorption are being
measured. The following general observations can be derived from these data:

1) Thorium rapidly disappeared from solution in all cases, probably as a
result of insolubility of hydrolyses products. Little desorption has
been observed to date.

2) Adsorption by chlorite appears to be a two-stage process; one rapid and
one much slower. After two years the solid/solution distribution for U
was » 5; for Ra « 25.

3) Uptake by calcite is slow. After two years the solid/solution
distribution for U was » 1, and for Ra K 2.

4) Uranium and radium were both 99% adsorbed by the Fe compound. The
adsorptive capacity of this material is estimated at 20,000 ug*g~ •
Adsorption was not instantaneous, and the rate showed some correlation
with the solid/liquid ratio, especially in the tail of the adsorption
curve where the rate of uptake may be controlled by the rate of
diffusion of ions from solution to solid.

If the adsorbed uranium is still in the uranyl form, it should be
possible to desorb it from any of these materials by raising the pH of the
solution. Two attempts to raise the pH of the desorbing solution in contact
with the Fe compound were frustrated by the buffering capacity of the solid;
however, at pH 9.4 (originally raised to 11.2) 1C% desor fion occurred rapidly
and remained unchanged after five days.

B. Allard, H. Kipatsi and J.O. Liljenyzin, J. of Inorg. and Nucl. Chem. 42,
pp 1015-1027 (1980).
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3.4.3 RADIOLOGICAL SITE DESCRIPTION AND DOSE ESTIMATION

Overburden Hydrology Modeling - D.R. Lee, R.W.D. Killey, G.L. Moltyaner,
with W. Heinrich, K. Mehta (WNRE)

We have begun a program to generate realistic overburden models for
generic dose assessment. Our purpose Is to obtain dilution volumes for the
geosphere output, which is presently in the form of a time-variation of
radionuclide mass flux. Because geologic variables can produce up to a 10 -fold
variation in dose to critical groups, we can not derive a reliable
probability-density function for this dilution. We can, however, provide a
realistic set of scenarios that will set the problem in perspective.

Waste Management Area B - J.H. Munch, R.W.D. Killey

Drilling and sampling for a preliminary evaluation of the distribution
and magnitude of groundwater contamination by waste management activities in
Area B is essentially complete. Thirty boreholes were drilled initially, cored,
and instrumented with piezometers. Results showed the presence of 2 plumes, one
consisting predominantly of tritium contamination and one primarily of Sr.
Both appear to be associated with older portions of the site containing unlined
or asphalt-lined trenches, with flow controlled by a burled valley in the
underlying till/bedrock surface. We have found no widespread contamination in
the area of the site containing concrete waste storage structures.

During the past quarter, an additional six boreholes were drilled,
sampled, and analysed to provide additional resolution of contaminant
distributions along the Area B fencelines. Attempts to install samplers in the
vicinity of the old, unlined trenches had to be suspended when it proved
impossible to avoid intersecting trenches using available location maps. Static
water levels have been measured monthly, but we are still waiting for some
piezometer elevation measurements before we can compile water table and
groundwater flow maps. A draft of the report is approximately two-thirds
complete. Available data on surface water releases have been compiled.
Inlet 1, which carries most of the drainage from the west side of Area B, has
transported 41 GBq of 3 activity (presumably mostly Sr) since routine
monitoring began in 1973. Tritium has been measured at Inlet 1 since 1971, and
since then 4.8 TBq of H have been released to Perch Lake from the west side of
Area B. The Main Stream has been sampled regularly for n downstream of the
east side of Area B since 1971. Using measured streamflows from 1982 to present
and streamflows estimated from Inlet 2 discharge records prior to 1982, an
estimated 36 TBq of tritium have been released to the Main Stream from Area B
over the past 14 years.

Waste Management Area C - R.W.D. Killey, J.H. Munch

The property adjacent to Area C is being considered as one possible
site for a shallow land burial waste disposal facility by the CRNL Environmental
Authority. During the past quarter we have assisted the Environmental Authority
in preparation of an RFP for a 3-D digital simulation of the groundwater flow
system in the area and have supplied geologic and hydrogeologic data to the
contractor, Geologic Testing Consultants.
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The report on the first phase of the 3-D modelling project for the 233
Area (the proposed grid block layout, block properties, and initial boundary
conditions) has also been reviewed.

Multilevel samplers immediately adjacent to the portion of Area C
covered with a polyethylene membrane have been re-sampled and analysed for H.
Comparing the results of these analyses with data collected last fall does not
yet provide any conclusive evidence that the cover has significantly reduced the
migration of TI out of the low level waste.

3.5 ANALYSIS AND MONITORING

3.5.1 INSTRUMENTS AND METHODS

Clean Room for Analytical Chemistry and Instrumentation - J.M. Judd

The clean room facility in Building 513 designed for low-level
analysis of stable elements in environmental samples is near completion. HEPA
filters have been installed providing clean filtered air throughout the rooms
and the laminar flow hood has been fitted. All benches and walls have been
painted with non-metal containing plastic paint and a new seamless floor of
"Desco" Armtex plastic has been installed. It is expected that the rooms will
be in service by the end of 1984 August.

Ion Chromatography - P.C. Jay

The leachable anion content of 18 commonly-used membrane-type filters
was investigated by determining the F~, Cl~, N02", P04 , Br", N03~ and SO^"
content of distilled water washes. All filters examined contained leachable
anions in concentrations that would produce inaccurate data if environmental
water samples were passed through them. Several commonly-used filter washing
techniques were investigated and were found to be unsatisfactory for complete
removal of leachates. A specially designed washing apparatus that assures
contaminant-free filtration when using membrane-type filters was constructed for
use in the laboratory. This work is being written up for publication.

Anion analyses of snowmelt, soil core, precipitation, multilevel,
stem-flow and through-fall samples were continued in cooperation with
Professor A.G. Price, University of Toronto.

Instrumentation for Industrial Flow Measurements Using Radiotracers
- E.L. Cooper

Development of the computer-based multi-input multichannel sealer for
radiotracer work continued during the first half of 1984. The software was
modified to improve the efficiency and make the system easier to use. In
cooperation with Health Physics Branch a printed circuit board has been designed
for the multichannel sealer. Prototype boards have been purchased and these
will be tested during the next quarter. With these boards we will be able to
expand the number of inputs from two to four, which means that we will be able
to accommodate more detectors. A second computer system is being assembled for
the group which will provide radiotracer flow measurements as a routine service.
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The Injectors used for flow measurements have been modified in
cooperation > ith Candu Operations. The latest designs were thoroughly field
tested in rec 'nt work at a client's plant. The liquid injector proved to be a
very serviceable design and a second unit is being constructed. Although the
gas injector performed well, it is felt that more can be done to improve the
design.

A tighter housing has been designed for the detectors, but these
enclosures would be rather large if we use the available preamplifier and bias
supply. Thus we have been searching for more compact electronic modules. An
apparently suitable component has been found on the commercial market, but it
requires testing.

Development of Radiotracer Technology - E.L. Cooper

We have foreseen the need to have a greater variety of radiotracers
available for industrial testing. In particular, there is a need for a gas
tracer which would be stable in steam systems. A search for suitable
radioisotopes was carried out and a few have been identified. We are currently
assessing the availability of these radioisotopes. We have also experimented
with different chemical forms for the radioisotope from our generator. This
radioisotope has a very versatile chemistry which makes it adaptable to
different industrial systems.

At the end of May we received a renewal of our AECB licence until
1986. An inspector from the AECB was present during our latest field work and
he was satisfied with our procedures.

Transfer of Radiotracer Technology - E.L. Cooper

The transfer to a service group of the technology for radiotracer flow
measurements using the transit time method continued during the first half of
1984. During March a week was spent on training and field demonstrations.
During May the service group completed its first contract with assistance from
CRNL. Besides the training, we have provided them with documented procedures
and assistance and documentation to obtain an AECB licence. They are currently
acquiring their own equipment, but in the meantime they can use serviceable
equipment on loan from CRNL. With the transfer of this technology CRNL will be
able to assume more of a technical support role rather than engaging actively in
the contracts.

Updating of Effluent Samplers - E.L. Cooper

Through a cooperative effort with the Environmental Authority and the
Electrical, Instrument and Power Branch we have installed a new sampler on the
process sewer. This sampler was put into service in the first quarter of 1984
and the old sampler is now used as a backup system.
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Commercial Alpha Analyses - E.L. Cooper, D.E. Clegg

A 7.6 cm diameter ZnS scintillation detector was assembled to
determine alpha activity in larger diameter sources. This detector has an
absolute efficiency of 24.4% for a 5 cm diameter source. The background with a
blank counting tray is 0.016 counts per minute, which makes it suitable for
low-level work. We suspect that part of this background may be due to alpha
activity in the trays and we are currently attempting to determine the
background of the detector alone.

A proper sample holder will have to be designed for this detector
before it can be used routinely. However, we did recently use it to determine
gross alpha activity in three samples under a commercial contract.

Electronic Instrumentation - W.J. Beattie

Three major projects have been undertaken during the past six months.

1. A submersible probe containing a photomultiplier tube - Nal crystal
assembly for detection of radionuclides in water-filled boreholes has been
designed and fabricated. The probe is powered by a 12-volt battery.
Preliminary tests indicate that it can be immersed in water to a depth of c

600 m with no detectable leakage of water Into the housing. Testing of the
probe and cable assembly continues.

2. Components have been ordered for a microprocessor development system
base on the STD BUS. The system will utilize a Zilog Z80 CPU and SONY 3 1/2"
floppy disc drives for data storage. Fabrication of the development system
continues.

3. Components have been ordered for an experimental radiotelemetry
system. The system will transmit wind speed and direction information from
Building 456 to Building 513. The reliability of the system will be constantly
checked using a microprocessor-based display to print data errors. Design of
the logic circuitry for the transmitter section continues.

3.5.2 RADIOLOGICAL MONITORING RESULTS

Gamma Exposure Rates near CRNL - E.L. Cooper, D.E. Clegg, P.C. Beaulieu

TLD's placed at the perimeter of the CRNL exclusion area (see
Figure 3.2) are used to measure quarterly exposures that are the sum of
contributions from CRNL and natural gamma radiati n. The exposure rates
averaged over the fourth quarter of 1983, the first quarter of 1984 and the last
two calendar years are given in Table 3.5.2A.

Gamma Exposure Rates at CRNL - E.L. Cooper, D.E. Clegg, P.C. Beaulieu,
L.A. Mask

Shielded (indoor) and unshielded (outdoor) gamma ray exposure rates in
the CRNL exclusion area are given in Table 3.5.2B. The reduction in exposure
rates observed in Building 513 is due to shielding from 35 cm of concrete in the
floors above the detector.
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Radionuclides in Precipitation and the Ottawa River - E.L. Cooper
D.E. Clegg, P.C. Beaulieu, L.A. Mask, H.M. McLaughlin

Precipitation samples collected at Deep River were analyzed
radiocheraically for Sr and spectrometrically for Cs and other gamma
emitters. Monthly composite samples of water from the Ottawa River, collected
at Rolphton, Deep River, Pembroke and CRNL, were also analyzed for
gamma-emitting nuclides, tritium and Sr. The results are shown in Figures
3.5.2A and 3.5.2B.

Radionuclides in Surface Water - E.L. Cooper, P.C. Beaulieu,
D.E. Clegg, L.A. Mask

Weekly samples and flow readings were taken at weirs on the surface
streams carrying contaminated seepage water from the Waste Management Areas into
Perch and Maskinonge Lakes (see Figure 3.2). Most samples were combined and
analyzed monthly for Tl as. well as quarterly for garama-eraitting radionuclides
and Sr. Strontium-90, l>0Co and TI are still the main contaminants in the
Perch Lake basin.

Radionuclides in Liquid Effluents - E.L. Cooper, D.E. Clegg,
P.C. Beaulieu, L.A. Mask, H.M. McLaughlin

At CRNL, three liquid effluent streams discharge radionuclides to the
Ottawa River from the Inner Area. They are the Process and Sanitary Sewers plus
the 04 Storm Sewer combined with 04A seepage. Each of these is sampled
regularly and analyzed for individual nuclides. Also sampled regularly are
Perch Creek and Duke Stream. The former drains Perch Lake and the Waste
Management Areas A and B and flows into the Ottawa River. The latter drains
Waste Management Area C and flows into Maskinonge Lake.

The mean daily releases from the Process Sewer are given in
Table 3.5.2C for the fourth quarter of 1983 and the first quarter of 1984. Most
of the radionuclides are measured by gamma-ray spectroraetry. Other releases are
shown in Figure 3.5.2C and Figure 3.5.2D. The daily releases have been
calculated from the measured flow rates and radionuclide concentrations in
Individual streams. Since 1980, the plutonium discharges have been expressed in
terras of activity per day rather than mass per day. Since we do not distinguish

Pu from k Pu and the two isotopes have different half-lives, this is a more
meaningful expression; the values for plutonium therefore represent ru plus

Pu. For comparison with previous release rates the conversion factor is 1
mCi (37 MBq) = 16.3 mg for 2 ^ u .

The tritium concentrations, determined by liquid scintillation
counting, are summarized in Tables 3.5.2D and 3.5.2E, together with the
activities released during the fourth quarter of 1983 and the first quarter of
1984.

These surveys of liquid effluents have shown that in all cases the
radioactivity released either directly or Indirectly to the Ottawa River has
been less than 1% of the Derived Release Limit (DRL). Thus no significant
effect on the environment resulting from operations at CRNL has been detected.



-59-

Table 3.5.2A

Location

1

2

3

4

5

6

7

8

132

Harrington Bay

Deep River

Gamma Exposure

Fourth Quarter
1983

6.0

4.7

4.6

5.6

5.6

5.7

4.8

6.5

-

5.3

5.3

Rates' in Public

First Quarter
1984

6.1

1.4

0

1.4

0

2.3

2.3

4.6

-

3.0

3.2

Areas (uR*.h

1982
Average

9.2

4.0

3.3

5.0

3.6

5.5

5.1

6.8

-

4.7

4.6

)

1983
Average

7.9

4.7

3.4

4.6

4.4

4.2

4.1

5.9

6.0

5.2

5.2

Natural background (excluding cosmic radiation) and airborne contamination
from CRNL.

xhis TLD location is across the river from CRNL and is not accessible for
much of the year. Thus the TLD's are changed less frequently and the
exposure periods do not correspond to those of the other TLD locations.

Harrington Bay, P.Q., 11 km east from plant stack.

*1 R = 2.58 x 10-** C.kg-1
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Table 3.5.2B Gamma Exposure Rates in Exclusion Area
(uR^h-1)

14.2

10.7

8.2

10.3

24

10

6

12

.8

.3

.9

.6

22.7

10.8

6.8

10.1

21.5

10.5

9.0

9.5

Location Fourth Quarter First Quarter 1982 1983

1983 1984 Average Average

9

102

11

16 3

Sum of gamma natural background (excluding cosmic radiation) and airborne

contamination from CRNL.

2Flrst floor office in Building 513. 3Office in CRNL cafeteria

*1 R = 2.58 x 10-1* C.kg-1.

Table 3.5.2C Mean Daily Releases from the Process Sewer

Radionuclides

90Sr

137Cs

Fourth
MBq/d*

15

150

170

£66

£360

190

£330

310

110

85

120

130

110

Quarter
% of

3

4

7

£3

£2

4

£3

1

1

6

1

4

7

.2

.9

.7

.6

.5

.3

.3

.6

.1

.3

.2

.1

.5

X

X

X

X

X

X

X

X

X

X

X

X

X

1983
DRL**

io- *

io- -

io-*

io-4

IQ"3

— 5

io- *

1(T-

— 5

IO-*

10" 3

IQ"3

First
MBq/d*

13

44

96

£21

£99

79

Quarter
% of

2

i-i

4

£1

<6

1

.9

.6

.6

.2

.9

.9

X

X

X

X

X

X

1984
DRL**

IO-*
_ 2

IO-*

io~*

lu-5

IG"3

106DRu

14 0-

Ba

131-j.

239Np <330 <3.3 x 10-5 <62O <6.0 x 1 A~ 5

95Zr 310 1.6 x 10~* 106 5.4 x i n~ 5

130 1.1 x 10~*

180 1.2 x 10-1*

59Fe 120 1.2 x 10"* £160 £1.5 x

65Zr 130 4.1 x lO"3 210 6.4 x 10~3

60Co 110 7.5 x lO-3 51 3.7 x 10~3

*Release figures rounded to two significant digits. (1 MBq = 27 yCi).

**Derived Release Limit. The percent of D»L figures have been calculated
from the DRL values given in AECL-7243.
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Table 3.5.2D Tritium in Streams in the Exclusion Area
Fourth Quarter 1983

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

Concentration
MBq/m

1.1

0.6

9.1

8.2

442

Quarterly
GBq

1.7 x

35

1.4 x

4.0 x

1.3 x

Release

10 4

10 3

10 3

10 *

Percent of
DRL*

1.8

3.8

1.6

4.4

1.5

X

X

X

X

X

10-2

io-5

IQ"3

IQ"3

IQ"2

Table 3.5.2E Tritium in Streams in the Exclusion Area
First Quarter 1984

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

Concentration
MBq/m3

3.6

1.5

12

10

491

Quarterly Release
GBq

1

1

6

1

.9 x 101*

87

.4 x 103

.4 x 103

.7 x 10*

Percent of
DRL*

2

9

1

6

2

.3

.5

.6

.9

.0

X

X

X

X

X

lu"2

io-5

lu"3

lO-3

IQ"2

Duke Stream discharges into Maskinonge Lake; all other streams flow directly
to the Ottawa River.

*DRL • Derived Release Limit. DRL values have been calculated from the
DRL's given in AECL-7243.

1 MBq =» 27 pCi, 1 GBq = 27 mCi.
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H1Ar In the CRNL Stack Effluent Argon - D.P. Wildsmith, D.E. Clegg

41
Periodic sampling and measurement of the Ar released from the main

reactor stack continues. These results provide a calibration for our continuous
Ar monitor on the stack. The rate of release of Ar depends on the power

levels of NRX and NRU. In NRU, CO 2 in the J-rod annulus replaces moist air to
reduce corrosion of the reactor vessel and also reduces the Ar release rate
per unit power level. The monitoring results therefore indicate changes in the
operating conditions of the reactors and also provide an indication of the
effectiveness of the CO2 system.

The results obtained to date for 1984 are given in Table 3.5.2F.

Table 3.5.2F. Measured klkr Releases from Main Stack - 1984

Sampling

Date

March 02

May 16

July 10

Time

0940

0950

0823

NRU

Power MW CO2

Not operating

116 Normal

116 Normal

NRX

Power MW

27

Not operating

25.1

1+

TBq.d"1

130

27

141

*Ar

TBq.d^.MW"1

5.0

0.2

1.0

3.5.3 MONITORING PROGRAMS AND SERVICES

Cooperation with Outside Agencies - Canadian Air and Precipitation
Monitoring Network (CAPMON) - D.P. Wildsmith

Since the summer of 1978 CRNL has been operating a monitoring site for
CAPMON. The objective of the network is to determine the temporal and spatial
variations of the chemical concentrations and deposition of ionic constituents
of precipitation across Canada. The chemical composition of precipitation is an
indicator of changes in atmospheric composition since precipitation acts as a
scavenging agent for many substances (both solid and gaseous) in the
atmosphere. The primary constituents and/or indicators being investigated are:
sulphates (SO^), nitrogen compounds (NO 3, NHi+), chloride (Cl), metal ions (Na,
K, Ca, Mg), pH and electrical conductivity.

In December 1983, at the request of Environment Minister Charles
Caccia, five of the CAPMON monitoring sites were asked to cooperate in providing
precipitation pH values, to be correlated with air-mass movements and issued as
a weekly Acid Rain Report to the news-media.

CRNL is one of the reporting sites and Table 3.5.3 A lists the
precipitation events and pH values for 1984. For the period 1984 January 1 to
1984 July 17 there have been 74, pH measurable precipitation events, with a mean
pH value of 4.22.



Table 3.5.3A Precipitation Events pH

Day

1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Mean pH

January

Amount
(mm)

4.6

1.7

6.7
0.7

1.6
0.2
0.1

2.9
0.4

0.4
0.2
0.4
0.4
1.0

5.6
1.2
0.3

3.8

1.8

pH

4.28

4.21

4.20
*

4.42
4.66
*

4.23
*

4.17
*
4.52
4.38
3.99

4.08
3.92

4.24

3.91

4.23

February

Amount
(mm)

2.2

0.8
1.8
2.0

1.0
0.2
11.6
0.8

1.25
0.7
3.0
0.5

8.6
0.5

pH

4.15

4.37
3.90
4.02

3.97
*
4.24
4.23

4.44
3.41
3.69
4.83

5.03

4.19

March

Amount
(mm)

6.6

Trace
2.2

23.6
5.8

7.2
3.8

pH

3.77

*
3.47

3.33
4.72

4.10
4.03

3.89

April

Amount
(mm)

8.0
32.2
4.6
0.3

1.2
1.8

0.4
0.4

5.2
4.6

1.0
0.8
3.2

PH

4.61
4.94
4.32
*

3.51
3.94

*
*

4.61
4.44

4.42

4.37

4.46

May

Amount
(t

0

4

25
3

7
2

0

31
1
5
18

4

am)

.4

.0

.6

.6

.0

.2

.6

.0

.8

.0

.6

.6

I

3

4
4

3
4

3

4
4
4
3

4

4

>H

k

.96

.43

.75

.75

.47

.80

.37

.99
• 38
.63

.09

.24

June

Amount
(mm)

13.0
4.6

7.6

7.6

2.4

13.6
4.0
1.2

17.4

pH

3.88
4.32

4.44

4.39

3.91

4.44
3.73
4.13

3.91

4.13

July

Amount
(mm)

1.8
1.8

24.6
3.6

10.4
7.8
4.6
6.4
1.0
13.6

3.2

1

3
4

4
4

3
4
4
4
3
3

4

4

?H

.99

.07

.04

.86

.91

.08

.63

.22

.96

.94

.17

.23

* Insufficient quantity collected for pH measurement
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Bacteriological Examination of Water Systems - J.M. Judd

Several water samples received from Ontario Hydro NPD, NGS, Rolphton
during 1984 February to May were examined microscopically for bacteria in an
effort to locate the cause of excessive loss of nitrite in their system.
Incubation of nutrient media innoculated with water samples isolated two
bacterial species. Treatment of the water samples with a water-based quaternary
ammonium compound (Alchem 7326) showed that a concentration of 200 ppm would
greatly diminish or clear these bacteria from the water. These preliminary
investigative steps were reported to Ontario Hydro with recommendations for
further work.

Water samples from the distilled water system in Building 200,
Chemical Operations, were also analyzed for bacteria as part of an investigation
probing the cause of excessive filter clogging in the system.

Fe Determination at ng/mL Levels - J.M. Judd

Samples from D.H. Lister, Systems Materials were analyzed for total Fe
content at ng«mL~ (ppb) concentrations by polarized Zeeman graphite furnace
atomic absorption spectroscopy. The reason for ERB involvement was due to the
fact that no other instrumentation was available at CRNL for determining Iron at
these low concentrations.

Organic Carbon Analysis - D.R. Champ, J.L. Young

Tabulation and evaluation of data from organic carbon (O.C.) analysis
of 112 Gloucester Landfill samples was completed and reported to R.E. Jackson of
the National Hydrology Research Institute of Environmental Canada. The results
define O.C. concentrations in the contaminated aquifers and help assess a
preliminary clean-up technique.

Groundwater samples from Inlet 4 in the Perch Lake Basin were
collected in February and the results of O.C. analysis compared with those from
1983 February. Both sample sets yielded O.C. concentrations of up to
120-180 mg«L~ compared to 10 mg«L~ for Inlet 4 surface water or <2 mg«L for
typical uncontaminated local groundwaters. No obvious source of this apparent
contamination is known. Other techniques to identify the organics (i.e. GC/MS)
will be investigated if elevated O.C. concentrations persist.

In addition, sample sets totalling 16 samples in replicate were
analyzed for personnel from Chemical Operations Branch, General Chemistry Branch
and University of Waterloo.

NRX Rod Bay Leakage - R.W.D. Killey, G. Koolen

The Environmental Authority has asked for assistance in determining
the magnitude and degree of migration of radionuclides released to the ground by
leakage from the NRX Rod Bay system. A review of available data was undertaken
in the initial phase of the project. Leakage has occurred continuously since at
least 1959 at an average estimated rate between 3,600 and 4,800 m «a~ . Using
very sparse data on bay water radionuclide content, total Sr and Cs
releases were estimated to be between 0.9 and 10 TBq and 0.6 and 7.5 TBq
respectively. Gross 6/Y counts of soils collected within 1 m of the bay walls
during leak-location studies indicated that much of the Sr and Cs was strongly
sorbed to local soils.
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We have now completed 17 boreholes in three lines traversing the
position of the contaminant plume as defined in 1963. Sample analyses are still
under way, but to date we have found that

i) most Cs still appears to be within 5 m of the rod bays, sorbed to the
sediments,

90ii) Sr has been detected 50 m downgradient of the bays at very low
concentration; maximum concentrations in pore water and on soils
adjacent to Building 204 are 72 Bq^mL"1 and 3,500 Bq«g~ respectively,
and

iii) inventory estimates of radionuclides in the ground will be very
uncertain; despite in excess of 10 m of overburden in parts of the study
area, generally less than 60 cm of saturated (and contaminated) soils
were found overlying the bedrock, and in some areas no saturated
unconsolidated material was encountered.

Emergency Procedures - Computer Analyses - E. Robertson, F.C. Brown,
M. Thompson

The gaussian plume model used during emergency procedures has been
modified for interactive data input. The procedure for running the model has
thus been simplified and turn-around time decreased. A new printer terminal in
Room 138 and simplified data output format proved satisfactory during the
Stay-in on June 25.

A Commodore 64 microcomputer is being programmed to give graphic
display of plume spread and dose estimates for quick emergency assessment as
well as a back-up to the main computer.

Emergency Procedures Review - D.R. Champ, E.L. Cooper, E. Robertson

During the past six months as part of our continuing appraisal of
emergency procedures we have reviewed the following draft documents:

1) Province of Ontario Nuclear Emergency Plan, Part I - Provincial Master
Plan (Second Draft).

2) Province of Ontario Nuclear Emergency Plan - Working Group
Recommendations on Dose Projection Systems.

3) Province of Ontario Nuclear Emergency Plan - Report of Provincial
Working Group #3.

4) AECB Consultative Document C-45 - Guidelines for Off-Site Contingency
Planning.

Review of CRNL's Meteorological Capabilities - E. Robertson, D.R. Champ,
F.C. Brown, J. Beattie

The meteorological measurement, data acquisition and computing system
currently in use at CRNL is under review. The ultimate objective of the program
is to provide data for continuous on-line estimates of radiation doses due to
chronic or accidental releases of radioactivity to the atmosphere. A report
describing the present system and defining the measurement and computing
capability needed to meet the stated objective is in preparation.
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Meteorological Support of Hybrid Heating Experiment - P.C. Jay,
F.C. Browo

Wind speed, air temperature and solar radiation data are being
compiled and sent to R.K. Elliott, Design and Technical Services Branch, as
support for the hybrid heating experiment by CRNL and Deep River Hydro.

CRNL Climatological Report - P.C. Jay

Monthly meteorological data including niaximum and minimum temperature
are sent to the Atmospheric Environment Service in Toronto in cooperation with
the other network stations. 1984 February and April were two of the warmest of
these months on record at CRNL with total Heating-Degree Days of 657 and 320
respectively. 1984 March, however, was one of the coldest on record (781
Heating-Degree Days).

1 't
Training Afforded in Environmental T and C Analysis - W. Workman,
R.M. Brown

1 u

Two weeks of training in the techniques of environmental T and C
measurements on vegetation, soil and water samples was given to J. Castonguay, a
graduate student at Universite du Quebec a Trois Rivieres supported by an AECB
fellowship. Samples of vegetation from CRNL and from Trois Rivieres were
analyzed for both aqueous and organic-bound tritium as well as C.
Castonguay will be carrying out a study of the dispersal of tritium and C in
the environment around Hydro-Quebec's Gentilly power station.

Low Grade Heat Utilization on Aquaculture - J.W. McMahon

As a member of a working group on Technology, Growth and Employment;
established by European heads of state and government at the Versailles Summit
in 1982, Canada agreed to examine the present status of aquaculture as a tool
towards management of food resources in both developed and developing
countries. One objective is to develop and adapt to cool water environments
technologies for intensifying fish production. Since low grade heated cooling
waters from electrical generating stations might be used to enhance fish
aquaculture, meetings were initiated between the Environmental Research Branch,
CRNL and the Aquaculture and Resources Development Branch, Federal Department of
Fisheries and Oceans. These meetings resulted in a formal discussion involving
Fisheries and Oceans personnel (marine and inland sectors), Ontario Ministry of
Natural Resources fish culture personnel and the Environmental Research Branch,
CRNL.

In summary it was decided that a potential growth industry presently
exists in Canada for thermal aquaculture and that industry must provide the
initiative. Immediate needs to promote thermal aquaculture involve:
formation of a central core of expertise in waste heat application,
a pilot demonstration project, a data bank dealing with economic, engineering
and biotechnology problems, market development strategy, and a site inventory
(initially in the Ontario region) of waste heat effluent from both industrial
and electrical generating complexes.
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3.6 PUBLISHED PAPERS, REPORTS, PRESENTED PAPERS, INFORMAL TALKS

3.6.1 PUBLISHED PAPERS

Abdul, A.S. and R.W. Gillham, Laboratory Studies of the Effects of the Capillary
Fringe on Streamflow Generation, Water Resources Research, Vol. 20,
No. 6 pp 691-698, 1984 June.

Cornett, R.J. and F.H. Rigler, A Simple Method of Measuring Seston Respiration,
Limnology and Oceanography (in press).

Cornett, R.J. and F.H. Rigler, Respiration in the Water Column of the
Hypolimnion, Limnology and Oceanography (in press).

Cornett, R.J. and F.H. Rigler, A Method of Predicting Changes in Hypolimnetic
Oxygen Concentgrations, Submitted i.o Limnology and Oceanography.

Cornett, R.J. and F.H. Rigler, Comparison of Methods of Predicting Areal
Hypolimnetic Oxygen Deficits, Submitted to Limnology and Oceanography.

Jay, P.C. and J.M. Judd, The Determination of Common Anion Concentrations in
Surface and Groundwater Samples by Eluent Suppressed Ion
Chromatography. J. of Env. and Analytic Chem. (in press).

Lee, D.R., Method for Locating Sediment Anomalies That Can Be Caused by
Groundwater Flow, Submitted to Journal of Hydrology.

Osborne, R.V., Editor, Long Term Radiological Aspects of the Management of
Wastes from Uranium Mining and Milling, Nuclear Energy Agency, OECD,
Paris, 1984.

In Preparation

Champ, D.R. and D. Robertson, Speciation of Long-Lived Radionuclides in the
Perch Lake Basin.

Jay, P.C., Anion Contamination of Environmental Water Samples Introduced by
Filtration Procedures.

Judd, J.M. and P.C. Jay, A Modified Ion Chromatograph for Automated Analysis of
Common Anions in Surface and Groundwater Samples.

Killey, R.W.D. and G.L. Moltyaner, Longitudinal Dispersion in a 20-metre Natural
Gradiant Tracer Test.

Lee, D.R. and J.P. Tracey, Identification of Groundwater Discharge Locations
using Thermal Infrared Imagery.

McLeod, N.S. and D.R. Lee, Monitoring of Contaminant Behaviour in Discharging
Groundwater in Lakebeds or Streambeds.
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Welch, S.J. and D.R. Lee, A Multiple-packer/Standpipe System for Groundwater
Monitoring in Consolidated Media.

Young, J.L., Trace Metal of Environmental Samples by HPLC.

3.6.2 REPORTS

Beattle, W.J., Radionuclide Logging System Controller, CRNL-2678.

Beattie, W.J., Injection Control1er/Summing Amplifier Unit for Use with Flow
Measurement System, CRNL-2665.

Cooper, E.L., Measurement of Fluid Flow Using Radiotracers, CRNL-2583.

In Preparation

Brown, F.C., CRNL Meteorological System.

Cooper, E.L., Radiological Monitoring at the Chalk River Nuclear Laboratories,
CRNL-2702.

Killey, R.W.D., D. Myrand, J.H. Munch, Contaminant Migration from Contaminated
Soils Stored in Waste Management Area F.

McMahon, J.W., A.E. Docherty and J.M. Judd, Determination of Ultra Amounts of
Cobalc in Lake Water by Graphite Furnace Zeeman Effect Atomic Absorption
Spectrometry, AECL-8351.

Risto, B.A., Leak Testing the NRX Rod Bays using Rhodamine Dye, CRNL-2704.

3.6.3 PRESENTED PAPERS

Barry, P.J., R.M. Brown, R.J. Cornett, R.W.D. Killey, A.G. Price, G. Kelly,
Water Chemistry during Snowmelt in a Northern Basin, Fifth Northern
Basins Symposium and Workshop, Vierumaki, Finland, 1984 March 19-23.

Cooper, E.L., Safe Handling of Radioisotopes used in Industrial Testing and
Environmental Research, Canadian Radiation Protection Assn. Fifth Annual
Conference, Banff, Alberta, 1984 April 30-May 03.

Killey, R.W.D. and G.L. Moltyaner, Field Studies of Dispersion in Porous Media:
Methods, The AGU Spring Meeting, AGU Groundwater Committee, Cincinnati,
Ohio, 1984 May 14-18.

Osborne, R.V., Developments in Defining Objectives for Radioactive Waste
Management, Canadian Radiation Protection Assn. Fifth Annual Conference,
Banff, Alberta, 1984 April 30-May 03.

Osborne, R.V. and P.J. Barry, Waste Management and ALARA - A Pragmatic View.
Sixth International Congress, Intl. Radiation Protection Assn., Berlin,
1984 May 07-12.
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3.6.4 LECTURES AND TALKS

Champ, D.R., Environmental Research at CRNL, Annual Science Teacher Seminars,
1984 April 13.

Champ, D.R., Research in the Environmental Sciences at CRNL, Quebec University
Delegation, 1984 May 17.

Champ, D.R., Science and Technology, Panel for Students from Terry Fox Canadian
Youth Centre, 1984 April 25.

Champ, D.R., Hydrogeology and Contaminant Transport Studies at CRNL, Delegates
from International Symposium on Groundwater Resources, 1984 May 25.

Cooper, E.L., Radiation Safety, Syncrude Canada Ltd., 1984 May.

Cornett, R.J., Nuclide Sedimentation in Lakes, McGill University Limnology
Research Centre, 1984 March 01.

Cornett, R.J., Movement of i0 Cs through Shield Catchments, Trent University
Environmental Studies Institute, 1984 March 16.

Cornett, R.J., Deuterium and S0i+ in Perch Lake Inlets, Environmental Research
Branch seminar, 1984 February.

Cornett, R.J., Waste Management and Environmental Research, Quebec University
Delegation, 1984 May 17.

Cornett, R.J., Mass Balance of Co in Perch Lake, Environmental Research Branch
seminar, 1984 April 10.

Killey, R.W.D., Groundwater Dispersion Studies at Chalk River, Delegates from
International Symposium on Groundwater Resources, 1984 May 25.

Lee, D.R., Field Methods Course, Lecture at University of Waterloo, Earth
Sciences, 1984 April 27-28.

Osborne, R.V., Optimizing Radiation Protection in the Management of Uranium Mill
Tailings, Eldorado Resources Ltd., Ottawa, 1984 February 22.

Osborne, R.V., Environmental Research, R&D Program Committee, WNRE,
1984 February.
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FIGURE 3.2: Location Map. Chalk River Nuclear Laboratories Property
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CONCENTRATION OF CESIUM-137
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FIGURE 3.5.2B: Monthly Average Concentration of Cesium-137 and
Strontium-90 in the Ottawa River at Rolphton,
Deep River and Pembroke during 1984.

*Health and Welfare Canada's recommended target concentrations for Cesium-137 and
Strontium-90 in drinking water are 5 x 103 Bq-m3 and 1 x iO3Bq-m3, respectively.
The target concentrations have been derived to correspond to 0.1% of the ICRP
recommended annual occupational dose-equivalent for continuous exposure.
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FIGURE 3.5.2A: Monthly Average Concentration of Cesium-137 and
Strontium-90 in the Ottawa River at Rolphton,
Deep River and Pembroke during 1983.

*Health and Welfare Canada's recommended target concentrations for Cesium-137 and
Strontium-90 in drinking water are 5 x 1O3 Bq*m3 and 1 x 10 Bq*m3, respectively.
The target concentrations have been derived to correspond to 0.1% of the ICRP
recommended annual occupational dose-equivalent for continuous exposure.
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FIGURE 3.5.2C: Daily Releases of Radionuclides in Liquid Ef f luen ts . 1983
1 Bq = 27
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FIGURE 3.5.2D: Daily Releases of Radionuclides in Liquid Effluents. 1984
1 Bq = 27 yCi
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4. RADIATION BIOLOGY BRANCH

by

D.K. Myers

4.1 Staff

4.2 Aims of the Branch

4.3 Transformation of Mammalian Cells in Culture to Oncogene Expression and
Antibiotic Resistance by DNA - Mediated Gene Transfer Coupled to the Use of
DNA - Damaging Agents

4.4 Complementing the Repair Deficiency in Ataxia Telangiectasia Fibroblasts
with the Use of Yeast DNA-Repair Genes

4.5 Screening for Genotoxic Chemicals by Determination of DNA Damage in Mouse
Organs Using the FADU Procedure

4.6 Measurement of Catalase and Superoxide Dismutase Levels in Mouse Epidermis

4.7 DNA Damage in Human White Blood Cells by a Known Human Carcinogen,
Diethylstilbestrol

4.8 Measurement by HPLC of the Relative Rates of Repair of Cytosine-Containing
Compared to Thymine-Containing UV-Induced Pyrimidine Dimers

4.9 Study of Mitomycin C Hyper-Resistance in LFS Strains: Measurement of
"Internal Dosimetry" and Bioreduction Capacity

4.10 Effect of Dose Rate of Ionizing Irradiation on Mammary Tumorigenesis in the
Sprague Dawley Rat

4.11 Germ-Free Mouse Colony

4.12 Animal Facility Assessment

4.13 Is DNA Damage the Signal for Induction of Thermal Resistance? Induction by
Radiation in Yeast

4.14 Assessment of Radiation Hazards to Human Populations

4.15 Quantitation of N-Glycosylase Activities for 3-Methyladenine and
7-Methylguanine in Extracts of Cultured Human Fibroblasts

4.16 Quantitation of O^-Methylguanine-DNA Methyltransferase, A Repair Activity
Relevant to Alkylation Damage

4.17 Inhibition of De Novo DNA Synthesis in Li-Fraumeni Syndrome (LFS) Strains

4.18 Enhanced Resistance to 4-Nitroquinoline 1-Oxide (4-NQO) in Li-Fraumeni
Syndrome (LFS) Strains
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4.19 CFA Analyses of Murine Fibroblast Lines Established from the "Wasted" Mouse
Strain

4.20 Carcinogen Screening of Cultured Fibroblasts from Members of Cancer-Prone
Families

4.21 Use of Micro-Injection to Introduce New Genetic Material into Nuclei of
Cultured Fibroblast Cells

4.22 Neutron Irradiation Survival Analysis of LFS Strains

4.23 Development of an In Vitro Recombination Assay

4.24 Development of a Plasmid that can Grow in Three Hosts (E. coli, yeast, and
mammalian cells)

4.25 Mapping the ADE2 Gene of Saccharomyces Cerevisiae

4.26 Location of a 13 Base Sequence with Possible Recombination Properties in
Plasmids

4.27 Follow-up of Past CRNL Employees

4.28 Publications

4.29 Verbal Presentations

4.29.1 Lectures and Seminars
4.29.2 Local Talks
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Branch Head - D.K. Myers

Professionals

H.C.

J.D.

N.E. Gentner

N.J. Gragtmans

R.E.J. Mitchel

D.P. Morrison

M.C. Paterson

P. Unrau

M.M. Werner

Branch Secretary

L.J. Morel

Assistants

J.J. Jevcak
A.G. Knight
M.C. Wolfgram

R. Pilon

L.D. Johnson
L. M o e ^

S.A. Niles

R.A. McCann
J .W. Murphy

K.M. Baird
E.
N. Wheatley (7)

T. Joyce

• (8)P.A. Knight1

B.P. Smith
B.M. Zohr
E.A. Stewart^ (Secretary)
R. Aubin<
M. Liuzzi

10)1 >
^ '

G.M. Norton
S.J. MacFarlane
R.S. McWilliams
M. Middlestadt^
R. Mirzayans^ '
P. Sabour^ >
M. Weinfeldk '

( H )M. Gasmann

Visiting Scientist

T. Aoyama (3)
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(1) Terminated 1984 June 04.

* ' Leave of absence at the University of Colorado for 1 year as of
1983 August 01.

Visiting scientist from Shiga University, Japan, 1984 June 18 to
July 27.

Junior Summer Student, arrived 1984 May 08.

National Summer Student, arrived 1984 April 30.

' ' National Summer Student, arrived 1984 May 07.

' ' National Summer Student, arrived 1984 May 10.

Terminated 1984 May 30.

NSERC Postdoctoral Fellow.

' Attached Staff under contract with the U.S. National Cancer Institute
Contract No. N0181002 (REP No. NCI-CP-FS-81002-65).

^ ' Laurentian University Student, arrived 1984 May 14.
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4.2 AIMS OF THE BRANCH

Research in the Radiation Biology Branch is directed towards improving
our understanding of the effects of ionizing radiation on living cells and of the
response of cells to this challenge, binne it is generally believed that, in terms
of mutagenic and carcinogenic hazards, the most critical target in cells is DNA
(the carrier of hereditary information), much of the emphasis of our research
program deals directly or indirectly with DNA. We have studied the nature of DNA
damage from exposure to radiation and cancer-causing chemicals and the enzymatic
"repair processes" which help to protect cells from these insults. We are also
exploring the effects of radiation upon animals and human populations.

4.3 TRANSFORMATION OF MAMMALIAN CELLS IN CULTURE TO ONCOGENS EXPRESSION AND
ANTIBIOTIC RESISTANCE BT DNA - MEDIATED GENE TRANSFER COUPLED TO THE USE OF
DNA - DAMAGING AGENTS
- R. Aubin, M. Weinfeld and M.C. Paterson

We have been exposing murine cells (NIH 3T3) to a number of DNA damaging
agents for which the spectra of DNA interactions include the formation of
interstrand cross-links (e.g. cis-diaminodichloroplatinum, mitomycin C and
bis-chloronitrosourea) or DNA double strand breaks (e.g. y-radiation). inese are
deemed to represent potentially recombinogenic sites in genomic DNA, and should
facilitate the integration of plasmid shuttle vectors containing cloned DNA
segments. Preliminary results have now revealed that in cells treated for 1 hour
in the presence of cisDDP, MMC or BCNU and then, within a 12 hour period,
transfected (by the DNA calcium phosphate co-precipitation technique) with a
plasmid containing an antibiotic selection marker (pSV2-Neo), the frequency of
G-418 resistant cells (G-418 being the selection drug used) is increased 2-4-fold
over that of control cells which have not been exposed to carcinogen. The
phenomenon appears to exhibit dose dependence, and we are presently investigating
its relation to the inaction of strand breaks as well as probing for the number of
plasmid DNA copies integrated in the host cell genome. This procedure may have
utility as a means of increasing the frequency of transformation of human
fibroblasts by exogenous DNA.

4.4 COMPLEMENTING THE REPAIR DEFICIENCY IN ATAXIA TELANGIECTASIA FIBROBLASTS
WITH THE USE OF YEAST DNA-REPAIR GENES
- R. Aubin, M. Weinfeld, P. Unrau and M.C. Paterson

A prominent hallmark in the cancer-predisposing inherited disease ataxia
telangiectasia (AT) is a marked sensitivity to the lethal effects of ionizing
radiation and radiomimetic drugs (i.e. bleomycin and neocarzinostatin). This
sensitivity is presumed to be the result of some genetic inability to synthesize
one or more functional gene products involved in the repair of DNA damage brought
about by these agents. With a view to defining the nature of the enzymic
deficiency we are attempting to complement the deficiency in AT cells by
micro-injecting certain yeast DNA repair genes into AT cells; complementation will
be scored by analyzing y~ray survival of the micro-injected cells. To date, we
have inserted a yeast DNA repair gene into a bacterial-eukaryotic shuttle vector
derivative of pSV2-Neo. This permits selection of micro-injected cells by using
the drug G418. Expression of the yeast gene in human cells should be driven by
enhancer elements cloned into the shuttle vector. During the course of these
experiments we will be investigating the roles of different yeast repair genes for
their complementation potential. These clones are currently in our laboratory and
have been generously provided by Dr. D. Schild.
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4.5 SCREENING FOR GENOTOXIC CHEMICALS BT DETERMINATION OF DNA DAhAGE IN MOUSE
ORGANS USING THE FADU PROCEDURE
- H.C. Birnboim, M.C. Wolfgram, N.J. Gragtmans and R. McCann

This project is part of an international study designed to compare
different analytical methods for their ability to detect damage to DNA caused by a
set of standard carcinogenic chemicals. The chemicals are administered to mice and
then internal organs are examined for evidence of damage to their DNA. The
chemicals supplied to us were benzo[a]pyrene (BP), pyrene (PY),
2-acetylaminofluorene (2-AAF) and 4-acetylaminofluorene (4-AAF). We ustd the FADU
method developed at CRNL to examine livers of mice for DNA strand break damage.

The chemicals were administered by intragastric tube to female CD-I mice
in corn oil (corn oil only for controls) after a 16-hour period of starvation
(water only). Half of the animals additionally received an inhibitor of DNA repair
(adenine arabinoside, ara-A) by intraperitoneal injection in saline 1/2 hour later.
At 3 hours after the initial administration of chemical, the animals were killed by
cervical dislocation and the livers were removed to ice-cold buffer solution. The
liver fragments were gently homogenized by passage through a large-bore pipet and
large clumps of material were allowed to settle out. The supernatant was removed,
centrifuged at low speed, and the pellet of cell clumps and nuclei was suspended in
buffer for FADU analysis.

In total, about 300 animals were used for the experiment. There was a
moderate amount of scatter in the data, even wit'i In the control group. Statistical
analysis of the data indicated that administration of ara-A caused tome DNA strand
breakage on its own, but, in addition, it increased the scatter (variance) of the
data. The four chemicals, administered without ara-A, produced little or no
evidence of DNA damage. However, the combination of ara-A and th°. two carcinogenic
chemicals (BP and 2-AAF), but not their non-carcinogenic counterparts (PY and
4-AAF), did appear to produce detectable damage to DNA as compared to ara-A alone.
Thus, the FADU technique may be useful as a short-term test for detecting certain
classes of carcinogenic chemicals. Statistical analysis of the data will need to
be completed before confidence limits can be given.

4.6 MEASUREMENT OF CATALASE AND SUPEROXIDE DISMUTASE LEVELS IN MOUSE EPIDERMIS
- H.C. Birnboim, D.P. Morrison and T.L. Joyce

To test the hypothesis that oxygen radicals may be important in tumor
promotion in mouse skin by a phorbol ester (TPA), we have been examining the levels
of catalase (CAT) and Superoxide dismutase (SOD) in four mouse strains which vary
in sensitivity to tumor promotion by TPA. It has previously been reported that SOD
and CAT levels drop markedly in a promotion-sensitive strain shortly after
application of TPA. We examined CAT levels in the four strains, but were unable to
find any significant change after treatment with TPA, including the same strain
which was used by the previous workers. We did find, however, that the recovery of
total protein was very variable during preparation of epidermal extracts. Since
the principal proteins in the epidermis are associated with the 'horny' layer, and
these are very water-insoluble, it may be that small difference!, in solubilization
of these proteins during preparation of extracts may account for the apparent
changes in SOD levels, since these were expressed as units of enzyme per mg of
protein. Supporting this hypothesis is our finding that a cycle of freezing and
thawing of extracts causes some of the initially 'soluble' protein to precipitate
out and resist all attempts to redissolve it. Furthermore, most of the initially
'soluble' protein required >90% sat. ammonium sulphate to precipitate it,
suggesting that a limited number of different proteins was present in the extract
and not the mix of proteins expected in a cellular extract.
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We have communicated our findings to the authors of the original paper
in an attempt to resolve this apparent difference in interpretation of the
findings. We are waiting for them to reexamine their data and to respond.

4.7 DNA DAMAGE IN HUMAN WHITE BLOOD CELLS BY A KNOWN HUMAN CARCINOGEN,
DIETHYLSTILBESTROL
- H.C. Birnboim, J.J. Jevcak, A.G. Knight and M. Plattner*

We have been continuing our studies of diethylstilbestrol (DES), a
synthetic hormone which has been clearly linked with certain forms of human cancer.
Earlier we showed that under certain circumstances this drug could cause DNA strand
breakage in human white blood cells (WBC). Our subsequent investigation has shown
that the level of strand breakage can be modified by a variety of conditions; this
information may help to unravel the mechanism of damage. For example, we found
that peroxidizing conditions (horse radish peroxidase plus H2O2) could either
increase or decrease the level of DNA damage, depending upon the amount of DES
present. The further addition of Superoxide dismutase always increased damage.
Certain sulfhydryl agents such as N-ethylmaleimide blocked damage almost
completely, suggesting that sulfhydryl proteins were involved at some stage, either
in 'activating' the DES or the cell mechanism responsible for the actual DNA strand
breakage. Some of these results have been submitted for publication. These
experiments are continuing.

* Medical Branch

4.8 MEASUREMENT BY HPLC OF THE RELATIVE RATES OF REPAIR OF CÏTOSINE-CONTAINING
COMPARED TO THYHINE-CONTAINING UV-INDUCED PTRIMIDINE DIMERS
- N.E. Gentner, L.D. Johnson, S. Niles and M. Weinfeld

Our method for quantitating UV-induced pyrimidine dimer species (J.
Chromatog. 280, 99-108[1983]) in hydrolysates of DNA isolated from UV-irradiated
cells (+ incubation) is restricted, because of complications from endogenous
radiolysis products, to lesion levels approximately corresponding to those induced
initially by a fluence of 5-10 J'nT*- (254 nm), in the case of the Ura<>Ura
and Ura<>Thy dimers obtained (following deamination on fo~iic acid hydrolysis) from
the corresponding cytosine-containing species.

No reliable information is yet available in the literature concerning
the relative rates of repair in cultured human fibrob.lssts of the three individual
pyrimidine dimer species induced by UV exposure. Although our ability to
selectively label cytosine in human DNA has furnished us with the potential to
perform such experiments, in practice the dimer yields (especially for the Ura<>Ura
species) have been too low to allow their detection against the relatively high
"radiolysis products" background at low k' values (0<k'<l), if hydrolysates of
intact DNA were used.

However, measurement of the rates of repair of individual dimer species
need not depend on the relative content of dimers remaining in DNA. We pointed out
in the previous report (PR-HS-16,p.93, Sect.4.8) that the dimer-containing excision
fragments released during the normal course of excision repair represented a
substantial enrichment (>1000-fold) of dimers relative to unmodified precursors,
and that a tremendous potential for increasing the sensitivity of UV repair
measurements could be realized if the content of dimers in these
oligodeoxyribonucleotides (normalized to the amount of DNA that gave rise to them)
was assayed rather than the content remaining in DNA. That this is feasible, at
least for short (<24h) repair times, is suggested by the report by La Belle and
Linn (Photochem. Photobiol. 36, 319-324[1982]) that these TCA-soluble excision
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fragments, at 24h post-UV, contained almost 90% of the dimers excised from
irradiated human fibroblasts. We therefore coupled our reverse phase HPLC dimer
assay and excision fragment procedure, and obtained the results summarized in the
following table:

Analysis of dimer content in formic acid hydrolysates of TCA-soluble
material obtained from GM38 (normal) cells at 24h post-UV (40J/m2;254 nm)

incubation

Dimer species

Ura<

Ura <

Thy<

>Ura

Thy

>Thy

Labelled
precursor
specific

Cyt

Cyt

Thy

Thy

(1)
for

Dimer content relative
% x 103

as cpm as

6.3

13.1

14.5

15.9

to Thy(2)

number(3)

3.1(4)

13.8

8.0

(•*-/ Both are DNA-specific precursors
(2) When dimer species are labelled from a specific dCyt precursor, the

relative amount of such species is initially expressed as a percentage of the
number or cpm of Cyt residues in DNA. Since human DNA is ~2S7» Thy, 21% Cyt,
the values for dimers labelled by the Cyt-specific precursor have been
multiplied by 29/21 to make them directly comparable to the values from
Thy-specific labelling.
The specific activity of a single Ura<>Ura dimer is twice that of an
unmodified Cyt, and for Thy<Thy dimer, twice that of a Thy residue in DNA.
Therefore, to express these dimers in terms of their number relative to
unmodified residues, the values based on dimer cpm relative to cpm in
unmodified base must be divided by 2.
As little as 25% of this species may survive the HCOOH hydrolysis
procedure.

When expressed in comparable terms, the results for UraOThy release
(repair) obtained by the two labelling protocols (Thy- versus Cyt-specific) are in
close agreement. Moreover, at least twice the number of Cyt-containing dimers in
DNA (which give Ura-containing dimers after formic acid hydrolysis) are excised in
24h as of Thy-containing dimers; whether this reflects their initial relative
content in DNA, or whether there may be preferential repair of particular dimer
species, is not known at present. Results obtained previously on initial induced
dimer content (Gentner et_ al_., Proc. 9th Annu. Meet. Am. Soc. Photobiol.,
Williamsburg, p.164[1981]) as well as our finding (Cadet et al., J. Chromatog. 280,
99-108[1983]) that the two Thy-containing dimers appear to be removed from DNA in
UV-irradiated and incubated fibroblasts at comparable T (half-time) values, suggest
that the spectrum of dimers in excised material at 24h does indeed reflect their
initial content in DNA. We plan to investigate this point more extensively in
future experiments.
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4.9 STUDY OF MITCMTCIN C HYPER-RESISTANCE IN LFS STRAINS: MEASUREMENT OF
"INTERNAL DOSIMETRY" AND BIOREDÜCTION CAPACITY
- N.E. Gentner, R.S. McWilliams, L-D. Johnson, G. Norton and M.C. Paterson

An "internal dosimetry" measurement specifically of interStrand DNA
cross-links formed on MMC treatment can be performed using the alkaline elution
technique. With respect to our two prototypal MMC-resistant LFS families, the
Family 2 strain appears to exhibit MMC hyperresistance largely, if not entirely,
because of a lower level of formation of DNA damage, while the Family 1 strain
appears to be truly resistant (for a given MMC exposure, the same level of DNA
damage is formed as in normal cells).

In addition to level of damage extant in DNA, we wished to obtain some
measure of the capacity of different cell strains to accomplish the activation of
MMC to the form ultimately reactive with DNA. A reverse phase HPLC separation of
MMC from other constituents found in culture media or in in vitro activation
reaction mixtures has been developed, utilizing a gradient of decreasing polarity
(i.e. increasing ethanol concentration) to elute substances (e.g. MMC) which
possess substantial hydrophobic character. This has enabled us to perform specific
determinations of the disappearance (equated to activation) of MMC in reaction
mixtures in vitro, using cell sonicates and a NADPH-generating system
(glucose-6-PO^, G-6-P dehydrogenase, and NADP+) as electron-donor, rather than
rely merely on A353 decrease as in the in vitro system of Kennedy et al.
(Cancer Res. jiO_, 2356-2360(1980]). In addition to specificity, our present system
possesses the prime advantage of being an order of magnitude more sensitive, thus
requiring less cellular material per assay.

The same separation system and assay can be applied to treatment medium:
MMC disappearance is equated to uptake. A preliminary result suggests that the
disappearance of MMC mediated by cells from the LFS Family 2 strain may be ~40%
that mediated by normal fibroblasts. This strain, although substantially
MMC-resistant, appears to be so primarily because of a lesser extent of damage
deposited in DNA at a given level of exposure to MMC.

The MMC bioactivation and uptake assays are to be used in concert with
both CFA analyses and determinations of interstrand cross-link damage by the
alkaline elution assay in order to delineate the mechanism(s) for the MMC
hyperresistance generally exhibited by LFS strains.

This same HPLC protocol can be used for the quantitation of 4NQO,
another pre-carcinogen requiring bioreduction, and of its reduced form 4-HAQO.

Since MMC reductase activity in vitro is profoundly inhibited by oxygen
(Cancer Res. kQ_, 2356-2360[1980]), and since treatment under chronic hypoxia has
been reported to increase MMC cytotoxicity (Cancer Res. h3_, 4154-4158[1983]), we
have also investigated the CFA response of normal and LFS fibroblast strains to MMC
treatment delivered after and during extensive nitrogen gassing. The rationale for
such experiments was the expectation that a strain which was MMC-resistant because
of a lesser reductive activation capacity might yield a different DMF (D^Q,
oxia -f D]̂ o> hypoxia) than a normal strain. One result to date, with a Family 2
strain and a normal strain, demonstrated no difference in survival for either for
treatment in air versus nitrogen-gassing conditions. This may indicate that we
failed to achieve sufficient hypoxia.

Alkaline elution measurements of MMC-induced interstrand cross-links
indicated the same level of damage, within either strain, for air versus
nitrogen-gassing, a result which is consistent with the survival data.

We have been made aware of the importance of controlling medium
temperature during MMC treatment of cultured cells. Treatment at 37°C is more
effective than treatment at 22°C. The need to perform enzymatic reductive
activation may be a major factor in this effect.
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4.10 EFFECT OF DOSE RATE OF IOHÏZING IRRADIATION ON MAMMARY TCHORIGENESIS IN THE
SPRAGÜE DAWLEY RAT
- N.J. Gragtmans, R.A. McCann and J.W. Murphy

Observation on tumor incidence In the various treatment groups has been
continued. A brief summary (though uncorrected for animal-days) is presented in
the table below:

Irradiation

Control 1
Control 2
Acute X-ray

(37.16 Gy/hr)

Acute Gamma
(26.32 Gy/hr)

Chronic Gamma
(7.6 x 10"3

Gy/hr)

Intermediate
Gamma
(0.17 Gy/hr)

Intermediate
Gamma
(2.04 Gy/hr)

Dose

(Gy)

0.5
1.0
2.0
3.0

0.5
1.0
2.0
3.0

0.5
1.0
2.0
3.0

3.0

3.0

Animals with
Day post-
Irradiation

544
516
457
372
313
308

522
377
365
365

558
554
456
526

374

438

tumors to date

% with tumors

30
37
60
62
65
73

43
62
67
72

38
48
60
62

74

65

% Animals with
tumor at 516 days
post-irradiation

23
37

Terminated
Terminated
Terminated
Terminated

42
Terminated
Terminated
Terminated

33
45

Terminated
Terminated

Terminated

Terminated

A complete analysis with an RBE assessment for high energy gamma rays
will be carried out when all groups have exceeded the 50% incidence level.

4.11 GERM-FREE MOOSE COLONY
-N.J. Gragtmans, R.A. McCann and J.W. Murphy

The colony is successfully being used to maintain germ-free nude mice
for work being carried out by M.C. Paterson and N.E. Gentner. The colony will now
be expanded considerably to accommodate their program. We have traced breaks in
sterility to difficulties in autoclaving of the feed. This problem should be
corrected shortly.

4.12 ANIMAL FACILITY ASSESSMENT
- N.J. Gragtmans, R.A. McCann and J.W. Murphy

The Canadian Council on Animal Care made a site visit on 1984 February
15 to the CRNL Animal Facility. The Council makes routine visits to all Canadian
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animal facilities every three years, to evaluate the level of animal care and the
nature of research performed. The CRNL Animal Facility received a favourable
assessment with some minor recommendations which have been implemented.

4.13 IS DNA DAMAGE THE SIGNAL FOR INDUCTION OF THERMAL RESISTANCE? INDUCTION BT
RADIATION IN YEAST
- R.E.J. Mitchel and D.P. Morrison

Yeast, as well as higher eukaryotes, are induced to increase thermal
resistance (thermotolerance) by prior exposure to a heat stress. Prior exposure to
an acute dose of either "^Co Y o r 254-nm ultraviolet radiation, at sublethal or
fractionally lethal doses, is shown to cause a marked increase in the resistance of
Saccharomyces cerevisiae to killing by heat. Following a radiation exposure,
thermal resistance increased with time during incubation in nutrient medium, and
the degree of resistance reached was proportional to the dose received. Partial
induction by radiation followed by maximum induction by heat did not produce an
additive response when compared to a maximum induction by heat alone, suggesting
that the same process was induced by both heat and radiation. Irradiation with
254-nm UV light followed by an immediate, partial photoreversal of the pyrimidine
dimers with long-wavelength UV light resulted in a reduced level of resistance
compared to cells not exposed to the photoreversal light, indicating that the cells
specifically recognized pyrimidine dimers as a signal to increase their thermal
resistance. Exposure to 254-nm UV or ionizing radiation induced thermal resistance
in mutants defective in either excision repair (rad3, UV-sensitive) or
recombinational repair (rad52, y~sensitive)» suggesting that recognition and repair
of DNA damage by these systems are not a part of the signal which initiates an
increase in resistance to heat. The amount of induction, per unit dose, was
greater in the DNA repair-deficient mutants than in the wild-type cells, suggesting
that an increase in the length of time during which damage remains in the DNA
results in an increase in the effectiveness of the induction. These data indicate
that types of DNA damage as diverse as those produced by ionizing radiation and by
ultraviolet light are recognized as a signal by the yeast cell to increase its
thermal resistance. It is therefore suggested that heat-induced alterations in DNA
or in DNA-dependent chromosomal organization may be the signal for heat induction
of thermotolerance in this and other eukaryotes.

This paper has been submitted for publication.

4.14 ASSESSMENT OF RADIATION HAZARDS TO HUMAN POPULATIONS
- D.K. Myers

The thirty-third session of the United Nations Scientific Committee on
the Effects of Atomic Radiation (UNSCEAR) was attended by A.M. Marko and D.K. Myers
from CRNL together with E.G. Létourneau from Health and Welfare Canada and
G.C. Butler from National Research Council. Discussions centred around nine draft
documents which are being prepared for publication in 1986-87, the last
comprehensive reports from this committee having been published in 1977 and 1982.
The next report will presumably incorporate revisions of risk estimates based on
new exposure data from Hiroshima and Nagasaki, and will emphasize the uncertainties
associated with estimates of the probability for induction of cancer by low
radiation doses. Factors affecting the shape of dose-response relationships for
cancer induction need to be analyzed since different models (linear,
lin?ar-quadratic, or quadratic) need to be invoked to fit the data from both
experimental animals and humans. The relevance of recently discovered genes
associated with cancer development will be fully discussed in the final report.
Considerable discussion centred around the production of congenital malformations,
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notably mental retardation, in children who had been exposed to high radiation
doses in utero. It was estimated that the dose required to double the incidence of
mental retardation would be as low as 2.5 rem (25 mSv) for exposures occurring
between 8 to 15 weeks of pregnancy if the dose-response> relationship were linear
and independent of dose rate. A number of factors (cell death, inhibition of cell
migration in the developing fetal brain, inhibition of lormation of synaptic
contacts between nerve cells in the brain) might be involved in the extreme
sensitivity of this end-point to ionizing radiation, but the discussions indicated
that experimental studies on these effects should properly be carried out in
primates (monkeys) and not in rodents (rats, mice, etc.) as has been done in the
past.

A comparison of the health benefits and health risks of energy
development was presented at an international symposium on this topic. Average
health benefits appear to outweigh average risks by a large factor; the ratio of
benefits to risks appear to be smallest for occupational sub-groups such as uranium
miners and coal miners.

Other activities have included continued input of data to the Joint
Panel on Research for Uranium Production (in collaboration with D.R. Champ,
Environmental Research Branch), contributions to notes for an IAEA training course
on biological effects of radiation (coordinated by A.M. Marko), contributions on
the topics (a) metabolism of organically - bound tritium and (b) toxicity of
tritium in biological experiments for a report on toxicity and dosimetry of tritium
(being prepared under the coordination of J.R. Johnson, Biomédical Research
Branch), comments on documents being prepared for purposes of public affairs, and
comments on a draft document concerned with the handling of chemical carcinogens in
a research laboratory.

We have also been involved with two Canadian research projects concerned
with radiation hazards to human populations. Both projects are being coordinated
by Prof. T.W. Anderson, University of British Columbia, with financial support from
Atomic Energy Control Board. The first was a feasibility study on incidence of
thyroid cancer in roughly 200,000 patients in Canada who received up to 1 Gy of
radiation to their thyroid gland from diagnostic doses of iodine-131 some 20 or
more years ago. It was found that this follow-up could not be carried out because
too many of the required medical records had been destroyed over the intervening
years. The second project was a re-analysis and updating of data from the B.C.
Registry on normal incidence of genetic and partially genetic diseases in human
populations, a re-analysis which was initially stimulated by a suggestion from G.C.
Hanna, Director of CRNL Research. Data of this type are required for the
assessment of the genetic hazards of radiation in humans. This study involves
collaboration of a number of experts from different organizations and appears to be
progressing well. Meetings to discuss this study with representatives from AECB,
the University of British Columbia and Dr. H.B. Newcombe, Deep River, have been
held at CRNL.

4.15 QUANTITATION OF N-GLYCOSYLASE ACTIVITIES FOR 3-METHYLADENINE AND
7-METHYLGUANINE IN EXTRACTS OF CULTURED HEMÀM FIBROBLASTS
- M.V. Middlestadt, L.D. Johnson, N.E. Gentner and M.C. Paterson

The initial step in excision repair of DNA with alkylation damage was
originally thought to be mediated by an endonuclease-type activity. Recently, a
class of enzymes have been discovered, termed DNA glycosylases, which can recognize
abnormal bases and cleave the N-glycosidic bond holding them to their deoxyribose
moiety, thereby leaving on DNA an apurinic/apyrimidinic (AF) site. The enzymes
which excise 3-methyladenine (3-MeA) and 7-methylguanine (7-MeG) belong to this
class of DNA glycosylases. We have measured the levels of these N-g.lycosylase
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activities in cell sonicates from adult and fetal fibroblast strains using
3H-MNU-treated donor DNA (see PR-HS-16).

Calf thymus DNA was used as the modified substrate for these experiments
as opposed to M. luteus DNA in the methyltransferase studies, because its higher AT
content furnished a greater yield of the relatively minor product 3-MeA. Briefly,
cell sonicates were incubated with alkylated [3H-CH3]-DNA (64% 7-MeG, 6%
O6-MeG, 10% 3-MeA) at 37°C for 2 hours, after which time DNA was precipitated
with ethanol. The ethanol supernatants, containing modified bases released either
spontaneously or by glycosylase action, were analyzed using HPLC techniques
(SCX-strong cation exchange-with gradient elution) to quantitate the specific
release of alkylated bases. Comparisons with similar incubations using bovine
plasma albumin or heat-denatured extract as controls (to allow correction for
spontaneous release, which is appreciable for 7-MeG) permitted us to quantitate the
specific enzyme-mediated release of both 3-MeA and 7-MeG. The results for 3-MeA
release are summarized in the accompanying table. The measured 3-MeA glycosylase
activities are expressed as alkylated bases (molecules x 10~°) released after 2
hours at 37°C.

The results of measurements with the MNU-sensitive proband strain
(GM3314) from NCI Family 603 are also included.

Levels of N-glycosylase activity for 3-MeA in various cultured
human fibroblast strains

3-MeA glycosylase activity
Strain per unit number

of cells1

GM10

GM11

GM43

GM3314

fetal normal

fetal "Mer—

adult normal

Gardner
syndrome

passage

passage

passage

passage

passage

passage

9

23

7

25

12

9

per yg protein

11

6.5

9.6

7.8

4.0

4.G

5.2

5.2

• Results per yg protein multiplied x 1.3 (since extracts of adult cells have 30%
more protein than do extracts of fetal cells).

These initial measurements suggest that 3-MeA glycosylase activity may
be substantially higher in fetal than in adult cells, even if expressed on a "per
unit number of cells" basis, by correcting for relative protein content. This
result contrasts with the similar levels of O^-methylguanine-DNA
methyltransferase observed in fibroblast sonicates of normal cells, whether from
fetal or adult lines. We plan to extend these studies to other fibroblast strains,
to determine if this intriguing result holds. Apparently the MNU/MNNG
hypersensitivities seen with GM11 and GM3314 cannot be attributed to any deficiency
in 3-MeA glycosylase activity, since there is no difference when compared to in
vitro/in vivo age-matched controls.
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Other studies have revealed that 7-MeG glycosylase specific activities
appear to be approximately 40% those for 3-MeA activity (within the same fibroblast
strain) and that, as observed for the 3-MeA N-glycosylase, fetal 7-MeG glycosylase
activity is greater than that of adult lines. Finally, there is apparently no
deficiency in this activity in either of our sensitive strains.

4.16 QUANTITATION OF O6-METHYLGUANINE-DNA MKTHYLTRANSFERASE, A REPAIR ACTIVITY
RELEVANT TO ALKYLATION DAMAGE
- M-V. Middlestadt and M.C. Paterson

The hypersensitivity of the human fetal fibroblast strain, GM11, towards
killing by N-methyl-N-nitrosourea (MNU; an alkylating .gent which induces
appreciable levels of O"-methylguanine as part of its spectrum of DNA alkylation
products) has implicated faulty repair of this lesion as the reason for the
observed hypersensitivity.

An observed in vitro age-dependent increase in MNU-induced killing
further suggested that this possible DNA repair defect may increase in severity
with increasing culture age. To test this hypothesis we quantitated the
O"-methylguanine-DNA methyltransferase repair activity present in cell sonicates
of GM11 and normal fetal fibroblast strains, age-matched in vivo and in vitro,
using the "methyltransferase assay" described in PR-HS-16. Extensive
experimentation (>10 independent determinations) has now established fetal
alkyltransferase activity in various "normal" strains to be 140,000 + 11,000
alkyltransferase molecules per cell. In relation to these assays the following
points should be noted:
(i) transfer of methyl groups from O^-methyl-G in donor DNA to acceptor

proteins increases linearly as a function of protein concentration, regardless
of in vitro culture age of a normal fibroblast strain.

(ii) after normalizing for protein content (since an adult fibroblast cell has 30%
greater protein content than a fetal fibroblast cell), normal fetal and normal
adult fibroblast strains have identical alkyltransferase activity,

(iii) negligible cell extract-dependent direct release of 0°-methylguanine counts
is observed.

(iv) using high performance liquid Chromatographie techniques (HPLC) we have
confirmed that the protein-mediated ^H-methyl transfer we have quantitated
truly represents depletion of 0"-methylguanine moieties in the substrate DNA.

(v) the MNU-hypersensitive fetal line, GM11, definitely has a reduced
0"-methylguanine repair capacity. In fact, all measurements of

alkyltransferase levels performed to date in cell sonicates from GM11 at passage
10 or greater reveal negligible activity, in comparison to age-matched controls.
However, at earlier culture age some activity is evident. Our earliest
measurements, with passage 4 fibroblasts (~10 to 15 cell divisions from expiant)
reveal approximately 25 to 30% of "normal" alkyltransferase levels. We are
presently extending these studies by using higher specific activity MNU to label
the DNA substrate; this should allow us to accurately quantitate the in vitro
age-dependent decrease in O°-methylguanine-DNA methyltransferase activity in
terms of % decrease in repair activity per cell division. Concomitantly, we
plan an ambitious program of matching changes in cell karyotype and MNU-induced
toxicity, mutation, and transformation end-points with alterations in this DNA
repair activity in GM11.

In addition, our initial measurements of levels of methyltransferase
activity in GM3314 cell extracts (proband of the Gardner Syndrome NCI family #603)
revealed a pronounced deficiency (only ~10% of normal levels) in this DNA repair
activity. We have decided to institute similar measurements on other afflicted
family members. Later, these measurements may also be related to
O"-methylguanine-induced mutation and transformation rates in representative
family members.
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R. Day and co-workers have used the survival response of MNNG-treated
adenovirus, infecting cellular monolayers, to categorize human cells in terms of
their "methyl repair" response: strains that support a "normal" level of growth of
MNNG-treated viruses are designated normal at methyl repair, or "Mer+", while
those that give rise to noticeably lower virus survival are denoted "Mer~". A
failure to repair O"-MeG adducts in cellular DNA correlates precisely with the
Mer~ phenotype. These investigators have found that approximately 20% of human
tumour strains and the majority of SV40-transformed fibroblast strains are Mer".
In contrast, all nontransformed human strains reported to date have been Mer+.

Our finding of O6-methyltransferase deficiency with the MNU/MNNG
hypersensitive fetal strain, GM11, has suggested that this non-transformed strain
ir> properly designated Mer~, or, at least, may become Mer~ with increasing
culture age. Two tests were done to establish: (i) that the strain is Mer~ by
the adenovirus assay; and (ii) that it truly is non-transformed. In collaborative
experiments with Dr. R.S. Day at the Laboratory of Molecular Carcinogenesis,
National Cancer Institute, NIH (Bethesda, Maryland), we used his adenovirus growth
assay to characterize the Mer phenotype of GM11. Initial results suggest that
GM10, a fetal strain we have used as a normal control, is Mer+, regardless of in
vitro culture age. On the other hand, GM11 is apparently Mer + at early age
(passage 6) but becomes Mer~ at a later age (passage 20), a result consistent
with the age-dependence for both MNU survival and relative alkyltransferase
content. These studies are now being extended to determine the time course of
change of the Mer pherotype in this strain.

As a result of discussions with Dr. Day, questions arose concerning the
transformation status of GM11, since, in comparison to all other fetal or adult
fibroblast strains examined to date, GM11 demonstrates a greater (~1.5-2.0x) cell
growth saturation density. The ability of GM11 fibroblasts to produce tumors in
nude (athymic) mice was measured, and found to be negative. Apparently, GM11 is
truly nontransformed. The question then remains as to what role the Mer~
phenotype may play in transformation. We propose to address this question by
examining the MNNG-induced transformation frequency of GM11 as a function of
culture age (and thereby as a function of O^-methylguanine-DNA methyltransferase
levels).

4.17 INHIBITION OF DE NOVO DNA SYNTHESIS IN LI-FRADHENI SYNDROME (LFS) STRAINS
- R. Mirzayans, L. Moeck, M.C. Faterson and N.E. Gentner

LFS family strains appear to exhibit anomalous behaviour with respect to
both ionizing radiation-induced transient depression of de_ novo DNA synthesis and
the subsequent recovery of normal synthetic rtiss. In general, these Li-Fraumeni
strains appear to consistently display the following altered responses compared to
representative "normal" strains (test exposure, 10 Gy oxicY-rays):
(i) a more extensive absolute depression of the initial rate of de novo

synthesis, seen ca. l^h post-y;
(ii) an additional lag of 1+h before restoration ("recovery") of a comparable

synthetic rate;
(iii) on the recovery phase, a noteably higher ultimate recovery, often exceeding

100% compared to untreated (control) cells; and
(iv) in a Family 1 strain, maintenance of the high synthetic rate characteristic

of the recovery phase for a longer time than in normal cells.
These and other findings have necessitated a re-examination of our

starting assumptions (see PR-HS-16,p.l01) that the extent of depression of
replicative synthesis post-treatment might be considered a measure of the amount of
damage (since measurement of "araC inhibitable sites" has now shown that the same
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amount of damage is incurred in DNA by these strains as in normal strains) and that
the time taken for restoration of the normal rate might be a measure of the time
taken to repair the damage (since the LFS strains would seem to repair Y-damage
effectively, yet show a greater lag before "recovery"). We hope to be able to
correlate future DNA repair measurements (strand break rejoining and
Y-endonuclease-sensitive site repair) in these strains with the present
measurements on de novo DNA synthesis following Y-exposure.

The salient feature in explaining the hyper-resistance of these LFS
strains to ionizing radiation-induced inactivation may well be the substantially
greater post-Y lag, compared to normal strains, that occurs before resumption of de
novo DNA synthesis (recovery phase). This additional time may well represent more
"space" in which DNA repair systems can act to remove lesions from DNA. The
mechanisms responsible for such delay are expected to be a subject for later
research. In this connection, it is of interest to note our finding that LFS
strains show little or no "potentially lethal damage recovery", when held in
a density-proliferation inhibited state post-exposure and prior to plating for CFA
analysis, while "normal" strains manifest post-Y PLD recovery to approximately the
survival level shown by LFS strains on immediate plating.

Further experiments on de novo DNA synthesis will include additional
strains from other LFS families. Similar studies following mitomycin C treatment,
to which many of the LFS strains exhibit significant resistance, may be useful as
well.

4.18 ENHANCED RESISTANCE TO 4-NITROQUINOLINE 1-OXIDE (4-NQO) IN LI-FRÀDMENI
SYNDROME (LFS) STRAINS
- R. Mirzayans, P. Sabour, M.C. Paterson and N.E. Gentner

LFS strains have been observed to manifest enhanced resistance to the
cytotoxic effects of yradiation and the DNA interstrand cross-linking agent MMC.
This latter carcinogen requires reductive bioactivation to the form reactive with
DNA; NADPH, at least in cell extracts, appears to be the required cofactor.

The resistance of LFS strains from two different families to
inactivation by another pre-carcinogen requiring reductive activation,
4-nitroquinoline 1-oxide, had been inferred using the rapid assay (post-exposure
growth) for cytotoxicity and has now been verified using the CFA assay.

The capacity of these cellular extracts to accomplish 4NQ0 activation
has been measured using a 4NQ0 reductase assay system (Mutat. Res. 120, 173-180
[1983]) with NADH as the reduced cofactor. Present results are summarized in the
table below:

Assay ^n_ vitro for 4NQ0 reductase in extracts prepared from
various fibroblast strains

Strain 4KQ0 reductase activity

n moles NADH oxidlzedi/min/mg protein

GM38 (normal) lf>.0

GM43 (normal) 11.5

LFS Family 1 11.5 - 20.82

LFS Family 2 2.1 - 5.02

1 NADH disappearance is dependent upon addition of 4NQ0
2 Range observed in multiple determinations
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These 4NQÜ reductase values suggest that, while the Family 1 strain
exhibits a normal capacity (at least in cellular extracts ira vitro) to perform 4NQO
bioactivation, the hyperresistance of the Family 2 strain may be attributed, in
large part at least, to a lesser bioreductive capacity: at a given level of
exposure to the pre- "arcinogen, less material that ultimately reacts with DNA
appears to be forcea.

The diminished rate attributable to extracts of cells from the Family 2
strain appears not to be due to the presence of any endogenous inhibitor of the
reductase reaction, sine.-, when extracts from cells from the Family 1 and Family 2
strains were mixed (0.5 mg protein from each), the rate of NADH disappearance was
intermediate between the individual values shown in the above table.

The reduced capacity of extracts of the Family 2 strain to accomplish
bioreductive activation of 4NQO is consistent with our observation of reduced
formation of "ara C-inhibitable sites" in this group, compared to normal strains or
to the Family 1 strain, for a given treatment level. A lesser amount of damage
deposition in DNA had also been observed with MMC for this Family 2 strain. Taken
together, the data on internal damage level (for exposure to a given concentration
of carcinogen) and on the capacity of cell extracts to accomplish activation
suggests a fundamental distinction between these two LFS families.

4.19 CFA ANALYSES OF MURINE FIBROBLAST LINES ESTABLISHED FROM THE "WASTED" MOUSE
STRAIN
- M.C. Paterson, G. Norton and N.E. Gentner

The "wasted" mouse strain (WST) from the Jackson Laboratories (Bar
Harbor, Maine) had been touted as a rodent analogue of human ataxia telangiectasia
(AT) homozygous patients. These animals displayed symptoms of ataxia,
immunological deficiencies, and elevated radiation-induced SCE production. If WST
was truly an AT analogue, it would be valuable experimental material. We initiated
a major program designed to test this, using Y~ray survival analysis as the primary
probe, but employing the other carcinogens from our progressive screening regimen
as well. Primary fibroblast lines established from such mice, both homozygous and
heterozygous for the WST gene, as well as from normal mice, were used. In short,
the homozygous lines failed to demonstrate any hypersensitivity whatsoever to
inactivation by sparsely ionizing radiation. We conclude that the murine WST
characteristic does not cause any apparent deficiency with respect to repair of
ionizing radiation-induced DNA damage, and that WST is not an AT analogue.

4.20 CARCINOGEN SCREENING OF CULTURED FIBROBLASTS FROH MEMBERS OF CANCER-PRONE
FAMILIES
- M.C. Paterson, B.P. Smith, P.A. Knight, B.M. Zohr, G. Norton,
S.J. MacFarlane, R.S. McWilliams and N.E. Gentner

"Unknown" cultured fibroblast strains supplied to us by the U.S.
National Cancer Institute are screened for their colony-forming ability following
exposure to our model panel of test carcinogens (""Co Y~rays» 254 nm UV,
mitomycin C[MMC], and N-methyl~N-nitrosourea[MNU]); these agents encompass the
formation of a number of discrete types of DNA damage which may be critical to cell
survival and other biological end-points. The following table summarizes results
obtained during this reporting period.
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Testing of U.S. NCI Strains by the "\ A.ssay

Test
carcinogen

Y-rays

MMC

UV(254 nm)

M NU

Number
strains

41

40

28

27

of
tested

Number of strains found to be significantly*
sensitive resistant

5 9

2 16

9 1

3 4

°f test strain compared to D^Q °f t n e "composite normal" strain, using
Student's t test and P 1 0.05 as the level of significance. Depending on the test
agent, the number of clinically normal fibroblast strains comprising the "composite
normal" ranges from eight to thirteen, in this series of tests.

The unusual number of strains displaying resistance to the cytotoxic
effects of MMC and Y-rays, in particular, and MNU as well, may reflect the
inclusion in this test series of a large number of strains from individuals
manifesting the cancer family syndrome of Li and Fraumeni. MMC-resistance, in
particular, appears to be a convenient laboratory marker for this phenotype (see
PR-HS-16 for more details).

The precise attribution of significant "resistance" or "sensitivity" of
a given strain to a particular carcinogen is obviously critically dependent on the
accurate definition of a "normal" range of response. R. Holford (Health Physics
Branch) is developing a computer program which, in essence, calculates a "composite
normal" from a number of independent survival analyses on different normal strains
by weighting the contribution of a given normal strain according to the tightness
of the standard error for its survival measurements.

4.21 USE OF MICRO-INJECTION TO INTRODUCE NEW GENETIC MATERIAL INTO NUCLEI OF
CULTURED FIBROBLAST CELLS
- P. Sabour, M.C. Paterson and N.E. Centner

A system for micro-injection has been established in these laboratories.
The method promises to be of immense utility in introducing genetic material from
exogenous sources into human cell nuclei, for possible ultimate integration» Two
major methods — direct injection, and "pricking", whereby a discrete volume of
bathing fluid (e.g. containing plasmid molecules) enters a punctured cell nucleus
in the short period before "healing" of the membrane takes place — are used to
introduce foreign material. The "pricking" mei.hod enables a considerably larger
number of cells to be handled, and has been the method of choice thus far; a volume
of about 1.4 x 10~15i enters per event, and at a solution DNA concentration
of 150 /ig/ml, some 40 plasmid molecules (the precise value depends on plasmid size)
enter each pricked cell nucleus.

4.22 NEUTRON IRRADIATION SURVIVAL ANALYSIS OF LFS STRAINS
- B.P. Smith, N.E. Gentner and M.C. Paterson

One operating hypothesis that was capable of explaining the increased
resistance of LFS strains to inactivation by either ionizing radiation or MMC was
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The recovery of the two size classes depends significantly on the nature of the
input markers, and on whether one of the plasmids has been linearized prior to
recombination. Further studies are planned to determine the nature and extent of
such polarized recombination.

A programme to optimize transformation parameters has lead to a two
order of magnitude improvement in transformation efficiency. This should result in
a major improvement in the efficiency of the in vitro recombination ass^y.
Optimization of the yeast extract mediated assay for producing recombinant plasmids
is also in progress.

4-24 DEVELOPMENT OF A PLASMID THAT CAN GROW IN THREE HOSTS
(E. coli, yeast, and mamaalian cells)
- R. Pilon and P. Unrau

Utilizing plasmids in repair studies requires that the genes they
transport can be shown to function. Testing isolated yeast repair (RAD) genes in
other hosts requires that they function in yeast to prove that the inserted gene is
active. A suitable pair of plasmids has been re-assembled after in vitro
recombinant DNA modification to give rise to a tri-vector. This vector has been
cloned from E. coli and has been shown to transform yeast. Assays of this vector
in suitable mammalian cell lines are planned.

4.25 MAPPING THE ADE2 GENE OF SACCEAROMYCES CEREVISIAE
- P. Unrau and H. Gasmann

Recombinant DNA techniques can be used to obLain data about the repair
of DNA damage caused by carcinogenic chemicals, incorporated radionuclides, or
specific mutagenic alterations. To use these techniques in yeast requires the
isolation and characterization of a gene in both the structural and functional
sense. The ADE2 gene is being examined for its suitability in such assays.
Obtained as a generous gift of J. Lemontt, the ADE2 gene has been inserted in a
plasmid, RUp2.3. The initial project consists of testing various restriction
endonucleases for activity in the ADE2 gene- A restriction endonuclease recognizes
a particular, defined base sequence and cleaves that sequence, so if the sequence
is present in a DNA insert the endonuclease will make a cut in that insert.

The ADE2 gene specifies a protein involved in the synthesis of adenine.
In a mutant strain, precursors of adenine will polymerize to give a red pigment.
The degree of pigmentation of an ade2-ra colony is related to the residual activity
of the mutant protein. We thus have the capability of scoring for the activity of
an in vitro modified ADE2 gene by transforming red yeast cells with the plasmid and
looking for colour changes in the transformed yeast clones.

We have tested a number of endonucleases and have identified some which
cut in the ADE2 gene. The system will be further developed to include known
modifications of the ADE2 gene restriction sites to determine which sites are
within the protein coding region of the DNA.

4.26 LOCATION OF A 13 BASE SEQUENCE WITH POSSIBLE RECOMBINATION PROPERTIES IN
PLASMIDS
- P. Lnrau, R. Aubin and D-P. Morrison

Site-specific recombination has been implicated in phage PI, yeast 2.
circles, meiotic gent conversion and possibly in the generation of immunological
variants. Such recombination may play a role in in vitro assays and must be
accounted lor. In phage Pi the site of initiation of recombination is a 13 base,
inverted, repeated near-palindrome which may form a looped structure at which
specific nucleases could initiate recombination.
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the possession by such strains of enhanced (compared to normal strains) repair
capability vis-â-vis double-strand or "coincident" DNA damage. If this supposition
was correct, the relative radioresistance of LFS strains might be expected to be
somewhat greater for densely ionizing (e.g. neutron) compared to sparsely ionizing
(e.g. Y~rays) radiation. The results of CFA assays after neutron irradiation of a
normal and LFS strains are summarized in the following table. The relative
resistance of LFS strains appears to be no different for exposure to neutrons than
for exposure to Y~rsys.

T>IQ values for neutron irradiation

Strain

GM38

LFS Family

LFS Family

1

2

2.

2.

2.

Neutron

., Gy

01

92

42

irradiation
Relative
Resistance^

(1.00)

1.45

1.20

Relative resistance to Y-rays^
acute
exposure

1.42

1.09

chronic
exposure

1.42

1.18

* T>IQ for test strain -f D^Q °f normal strain (GM38)
2 As for footnote 1; referenced in each case to D^Q obtained for GM38 under
the particular dose-rate conditions listed.

4.23 DEVELOPMENT OF AN IN VITRO RECOMBINATION ASSAY
- P. Unrau, R. Aubin, M. Weinfeld and M.C. Paterson, with R. Pilon and
M.C. Wolfgram

Cells obtained from subjects afflicted with several rare autosomal
recessive diseases associated with increased cancer pre-disposition and DNA repair
deficiencies (ataxia teiangiectasia, Bloom syndrome, Cockayne syndrome, Fanconi
anemia) show chromosomal 'abnormalities such as elevated spontaneous or induced
levels of sister chromatid exchanges. This has lead to the working hypothesis
that, in such cells, one of the steps involved in the carcinogenic process might be
the consequence of defects in the processing of recombinational intermediates. In
order to investigate this possibility, in vitro recombination assays are being
developed. In essence, two independently mutated plasmids, developed by
recombinant DNA techniques, and lacking tetracycline resistance, are mixed with
suitable cell extracts. The generation of tetracycline resistant clones, and their
subsequent analysis, would be strong evidence that some steps of recombination have
occurred, mediated by cell extracts.

The required alleles of the tetracycline gene of the plasmid pAT153 have
been developed. The recovery of tetracycline resistant clones, generated by a
process formally analogous to gene conversion, has been observed after treatment of
heteroallelic plasmids with extracts of yeast or of mammalian cells. Optimization
of the assay system for mammalian cell extracts is in progress.

A particularly elegant demonstration that recombination has occurred can
be obtained by crosses of plasmids of distinct sizes. The recovery of resistant
plasmid of either size class, and the proportions of recombinants obtained,
indicate the possibility that some form of polarized recombination is occurring.



-95-

The entire 4363 base sequence of pBR322 plasmid was obtained together
with a word processing package for the Vic-20 home computer. The plasmid sequence
was searched for the 13 base PI sequence in normal, reverse, and inverted
orientation and the sequence was found. Odds of such a sequence arising by chance
alone in pBR322 are extremely small, if base sequence were random. The possibility
that this sequence functions to promote recombination in pBR322 is being tested in
suitable deletion mutants lacking the sequence. Some structural features of the
sequence and associated regions are evident by inspection and may help to
understand the process of initiation of site-specific recombination.

4.27 FOLLOW-UP OF PAST CRNL EMPLOYEES
- M.M. Werner

Mortality data for Chalk River Nuclear Laboratory employees who died
during employment or after retirement have been analysed in relation to lifetime
occupational dose. These lifetime occupational doses were obtained from CRNL
records and are complete after the fire of February 1956. Some pre-1956 records
have been retrieved from internal CRNL memoranda and are believed to be most
complete for the individuals in the higher dose groups. Standard mortality ratios
were calculated for all deaths and for cancer deaths for 3 dose groups: 0-0.1 Sv,
0.1-0.2 Sv and >0.2 Sv. The addition of the 23 persons with doses of >0.2 Sv who
left CRNL before retirement did not appreciably alter the values for this group.

Consultations have been ongoing with the Department of Epidemiology and
Community Medicine at the University of Ottawa and with the Department of National
Defense concerning military personnel who worked at Chalk River during the
clean-ups in 1953 and 1958. A list of participants has been prepared with which we
are in agreement. The dose records have been appended by the University of Ottawa
epidemiologists and areas of disagreement with our records have been resolved. The
results of the case-control study to be prepared by the University group are
expected to be presented to the Department of Veterans Affairs in August 1984.

The preparation of a database for CRNL Mortality data has been in
abeyance for some months. Recently, however, a part-time programmer has been
making final adjustments to the scheme for the database and data entry should
commence shortly.

The first linkage of the AECL Health Study tape with the Canadian
Mortality Data Base has been completed. There were 1383 potential linkages with a
weighting factor greater than minus 25. (The weighting factor gives some
indication of the strength of the potential linkage; the highest value in this
linkage was +682.) The output of this first linkage has been examined by
D.K. Myers, D.P. Morrison and M.M. Werner (CRNL) and L. Johnston (WNRE). All 1383
potential linkages were placed into 4 categories: definite, probable, possible and
rejected on the basis of the information available. With the aid of information
from death certificates which had been obtained for some of the potential linkages,
an attempt was made to manually resolve doubtful linkages. For example, 26
pctential linkages with weighting factors greater than +75 were rejected, many
because the individual was known to be alive when the linkage was done. Conversely
there were 3 definite linkages and 4 probable linkages with weights from 0 to -25.
More death certificates have bee" requested to resolve the remaining doubtful
linkages, most of which are in the "possible" category. It is expected that this
classification of potential linkages will be completed shortly.
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4.28 PUBLICATIONS

N.E. Gentner and D.K. Myers: Radiation and the evolution of life.
Crucible _L5, 8-13 (1984). AECL-8509 .

N.E. Gentner, M. Weinfeld, L.D. Johnson and M.C. Paterson: Incision of
the phosphodiester bond internal to the pyrimidine dimer-forming bases
may occur during excision repair of UV-induced damage in human
fibroblasts. Abstr. 15th Annu. Meeting Environ. Mut. Soc, p.113 (1984)
[Abstract].

N.E. Gentner, M. Weinfeld, S.J. MacFarlane and M.C. Paterson: Pyrimidine
dimer-containing excision products in cultured human cells exhibit
cleavage of the "internal" phosphodiester bond. Abstr. 32nd Annu.
Meeting Radiât. Res. Soc, p.63 (1984) [Abstract].

M.V. Middlestadt, G. Norton and M.C. Paterson: Absence of
O^methylguanine-DNA methyltransferase activity in a nontransformed
human fetal fibroblast line. Proceedings of the 15th Annual Meeting of
the Environmental Mutagen Society, 1984 (Abstract).

M. Middlestadt, G. Norton and M.C. Paterson: Hypersensitivity of a human
fetal line to killing of O^alkylguanine-inducing agents. Proceedings
of the 32nd Annual Meeting of the Radiation Research Society, 1984
(Abstract).

R.E.J. Mitchel and D.P. Morrison: The oxygen effect as a probe for
classes of ionizing radiation damage resulting in nutation, gene
conversion or cell death ̂ r^ Oxygen Radicals in Chemistry and Biology (W.
Bors, M. Saran and D. Tait, Eds.) pp.611-618, Walter de Gruyter, 1984.

R.E.J. Mitchel and D.P. Morrison: Is DNA damage the signal for induction
of thermal resistance. In Proceedings of the 32rd Annual Meeting of the
Radiation Research Society (Abstract).

D.K. Myers, N.E. Gentner and M.M. Werner: Comparison of the health
benefits and health risks of energy development. Proceedings of an
International Symposium on the Risks and Benefits of Energy Systems,
JUlich, Federal Republic of Germany, 1984 April 9-13 (Abstract).

D.K. Myers, N.E. Gentner, L.D. Johnson and D.P. Morrison: DNA repair
processes and the shape of dose-response curves for induced genetic
changes in yeast. Abstr. 32nd Annu. Meeting Radiât. Res. Soc, p.120
(1984) [Abstract].

D.K. Myers, D.P. Morrison, L.D. Johnson, N.E. Gentner and P. Unrau:
Influence of excision repair on the dose-response curves with different
mutagenic agents in yeast. Abstr. 15th Annu. Meeting Environ. Mut.
Soc, p.128 (1984) [Abstract].

M.C. Paterson, N.E. Gentner, L.D. Johnson, S.J. MacFarlane,
M.V. Middlestadt, B.P. Smith and M. Weinfeld: New insight into the
molecular defect in xeroderma pigmentosum. Proceedings of the 15th
Annual Meeting of the Environmental Mutagen Society, 1984 (Abstract).
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P.J. Smith and M.C. Paterson: Comparison of the effects of bleomycin and
ionizing radiation in cultured fibroblasts from persons genetically
predisposed to cancer. British Journal of Radiology j>6̂  354, 1983
(Abstract).

M. Weinfeld, N.E. Gentner, L.D. Johnson and M.C. Paterson: Evidence for a
novel step in excision repair of UV-induced cyclobutyl pyrimidine dimers
in normal human fibroblasts. Proceedings of the 75th Annual Meeting of
the American Association for Cancer Research J25_, 105, 1984 (Abstract).

M.M. Werner and D.K. Myers: Biological effects of radiation. Manual for
Uranium Mine Radiation Safety Course, Canadian Institute for Radiation
Safety, 1984.

M.M. Werner, D.K. Myers and D.P. Morrison: Follow-up of Atomic Energy of
Canada, Ltd., employees involved in the decontamination of NRU in 1958.
Health Physics 46j 715, 1984 (Abstract).

4.29 VERBAL PRESENTATIONS

4.28.1 Lectures and Seminars

H.C. Birnboim: Cprrelation between tumor promotion/antipromotion action
or chemicals and their ability to induce/inhibit DNA strand break damage
in white blood cells. Poster session at the American Association for
Cancer Research Meeting in Toronto, 1984 May 9-12.

N.E. Gentner: Incision of the phosphodiester bond internal to the
pyrimidine dimer-forming bases may occur during excision repair of
UV-induced damage in human fibroblasts. Presented during 15th Annual
Meeting, Environmental Mutagen Society, Montréal, 1984 February 19-23.

N.E. Gentner: Influence of excision repair on the dose-response curves
with different mutagetixc agents in yeast. Presented to 15th Annual
Meeting, Environmental Mutagen Society, Montéal, 1984 February 19-23.

N.E. Gentner: Pyrimidine dimer-containing excision products in cultured
human cells exhibit cleavage of the 'internal' phosphodiester bond.
Presented at 32nd Annual Scientific Meeting, Radiation Research Society,
Orlando, Florida, 1984 March 25-29.

N.E. Gentner: DNA repair processes and the shape of dose-response curves
for induced genetic changes in yeast. Presented to 32nd Annual
Scientific Meeting, Radiation Research Society, Orlando, Florida,
1984 March 23-29.

N.E. Gentner: Ionizing radiation, DNA damage, and DNA repair. Presented
to staff and residents in Oncology Cancer Treatment and Research
Foundation, Ottawa Clinic, 1984 April 10.

N.E. Gentner: DNA repair and its relation to biological end-points.
Presented to staff and residents in Oncology at Ontario Cancer Treatment
and Research Foundation, Ottawa Clinic, 1984 April 24.
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N.J. Gragtmans, R.A. McCann and D.P. Morrison: A method for ovarian
transplantation in mice. Presented at the 23rd Annual Symposium of the
Canadian Association for Laboratory Animal Science, Quebec City,
1984 June 25-27.

R.E.J. Mitchel: Classes of radiation damage and their biological
consequences in yeast. Invited Symposium presentation at the 32nd
Annual Meeting of the Radiation Research Society, 1984 March 25-29,
Orlando, Florida.

D.K. Myers: Biological effects of radiation. Invited presentation to
students at Queen's University, Kingston, 1984 February 14.

D.K. Myers: Comparison of the health benefits and health risks of energy
development. IAEA Symposium, JUlich, F.R. Germany, 1984 April 10.

D.K. Myers: Chairman of panel on Energy and Societal Goals. IAEA
Symposoum, Jülich, F.R. Germany, 1984 April 09.

M.C. Paterson: New insight into the molecular defect in XP. Invited talk
at Laboratory of Radiology and Environmental Health, University of
California, San Francisco, Ca., 1984 January 12.

M.C. Paterson: New insight into the molecular defect in XP. Invited talk
to the Department of Biological Sciences, Stanford University, Stanford,
Ca., 1984 January 13.

M.C. Paterson: Defective repair of DNA in cultured ataxia-telangiectasia
fibroblasts: fact and fancy. Invited speaker at Ataxia-Telangiectasia
Conference, Santa Ynez, Ca., 1984 January 17.

M.C. Paterson: New insight into the molecular defect in xeroderma
pigmentosum. Invited speaker at 15th Annual Meeting of Environmental
Mutagen Society, Montréal, Que., 1984 February 21.

M.C. Paterson: Carcinogens, imperfect DNA repair, and human cancer.
Invited lecture to Graduate Students, Faculty of Medicine, Memorial
University, St. John's, Newfoundland, 1984 April 10.

M.C. Paterson: Hereditary-environmental interactions in the causation of
human cancer. Invited lecture to the Faculty of Medicine, Memorial
University, St. John's, Newfoundland, 1984 April 11.

M.C. Paterson: Hereditary-environmental interactions in the causation of
human cancer. Invited lecture to the Biochemistry Department, Dalhousie
University, Halifax, Nova Scotia, 1984 April 12.

M.C. Paterson: Interplay of hereditary and environmental factors in
cancer causation. Invited lecture to faculty and students, University
of Western Ontario, London, Ontario, 1984 May 16.

M.C. Paterson: Ataxia-telangiectasia hétérozygotes: a cancer prone and
radiosensitive subpopulation. Invited lecture at National Institute of
Environmental Health Sciences, Research Triangle Park, N.C,
1984 June 27.
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M.C. Paterson: Nature/nurture interactions in cancer causation. Invited
seminar at Oak Ridge National Laboratory, Knoxville, TN, 1984 June 29.

M.C. Paterson: A new model for excision repair of cyclobutyl dimers in
human cells. Invited speaker at the Ninth International Congress on
Photobiology, Philadelphia, PA, 1984 July 3.

M. Weinfeld: Evidence for a novel step in excision repair of UV-induced
cyclobutyl pyrimidine dimers in normal human fibroblasts. Presented at
75th Annual Meeting of the American Association for Cancer Research,
Toronto, 1984 May 9-12.

M.M. Werner: Standard mortality ratios for CRNL long-term employees in
relation to lifetime occupational dose. Fifth Annual Conference of the
Canadian Radiation Protection Association, Banff, Alberta,
1984 May 1-3.

M.M. Werner: Biological Effects of Radiation. Uranium Mine Radiation
Safety Course, Saskatoon, 1984 May 14.

4.29.2 Local Talks

H.C. Birnboim: DNA Damage by Diethylstilboestrol. Presented at Radiation
Biology Branch meeting, CRNL, 1984 May 07.

N.E. Gentner: Applications of HPLC to DNA repair studies in cultured
human cells. Presented at Radiation Biology Branch meeting,
1984 January 23.

N.E. Gentner: Radiation biology at Chalk River. Talk presented to
Grade 13 students from Cairine Wilson High School, Ottawa, at CRNL,
1984 March 21.

N.E. Gentner: DNA: the genetic and evolutionary code. Presented at 9th
Annual Science Teachers' Seminar, CRNL, 1984 April 14.

R.E.J. Mitchel: Research Directions in Radiation Biology Branch.
Presentation to G.C. Hanna, A.M. Marko and Branch Members, CRNL, 1984
April 24.

R.E.J. Mitchel: Forum on Biology. Chairman of Panel Discussion given at
the 9th Annual Science Teachers' Seminar, CRNL, 1984 April 13.

D.P. Morrison: Heat-shock and induced mutation in yeast. Presented at
Radiation Biology Branch meeting, CRNL, 1984 April 02.

D.K. Myers: Research in Radiation biology. Presented to Mexcian
representatives, 1984 January 19.

D.K. Myers: Participation in panel discussion with students from Terry
Fox Canadian Youth Centre, 1984 April 25.

D.K. Myers: Radiation biology. Presented to Darlington tour guides,
1984 May 16.
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D.K. Myers: Radiation biology. Presented to CRNL summer student guides,
1984 May 17.

D.K. Myers: Overview of Health Sciences Division. Presented to visiting
professors from Québec, 1984 May 17.

M.C. Paterson: Causes of cancer. Presented to CRNL Carpenters and
Painters, CRNL, 1984 May 07.

M.C. Paterson: Cancer in general. Presented to CRNL Machinists, CRNL,
1984 June 11.

P. Unrau: Forum on Biology. Presented at the 9th Annual Science
Teachers' Seminar, CRNL, 1984 April 13.

P. Unrau: Recent Developments in Lab 215. Presented at Radiation Biology
Branch meeting, CRNL, 1984 June 18.

M.M. Werner: Follow-up of past employees of CRNL. Presented to CRNL
guides, 1984 February 29.

M.M. Werner: Standard mortality ratios for CRNL long-term employees in
relation to lifetime occupational dose. Radiation Biology Branch
meeting, CRNL, 1984 April 23.

M.M. Werner: Follow-up of past employees of CRNL. Presented to CRNL
summer student guides, 1984 May 17.
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5.1 STAFF

Branch Head

Secretary

Professional

Technical

Clerical

J.R. Johnson

L.A. Kaden

G.H. Kramer
B.F. Peterman

J.D. Brunette
D.W. Dunford
S.E. Gardner
A. Hesketh

P.A. Robinson

M.R. Gresham (Part-time) (1)

5.1.1 Summer Student

C. Perkins - University of Saskatchewan, Saskatoon, working with
B.F. Peterman, reported for work 1984 May 07.

5.1.2 Waterloo Co-op Student

P. Fuhry - University of Waterloo, Waterloo, working with J.R. Johnson
and B.F. Peterman, reported for work 1984 April 23.

5.2 BIOASSAY LABORATORY - G.H. Kramer

Contract bioassay work accounted for revenues of approximately $8,000 in
this period.

5.2.1 Distribution of Tritium Exposure at CRNL - 2 tables

5.2.2 Bioassay Database System

The new system is completed (see PR-HS-16) and final testing is being
carried out.

5.2.3 Replacement of Paper Tape Acquisition of Tritium Concentrations

Tritium concentrations in urine are measured by a Beckman LS-7000 liquid
scintillation counter which at present transfers the count rate data to paper tape.
The paper tape is subsequently processed by the central site mainframe computers.
This system is being replaced by a real time microcomputer data acquisition system
that will not only eliminate the paper tape but also eliminate data processing by
the mainframe computer. All the necessary software has been developed and tested
and the new system will be implemented shortly after the installation of the new
bioassay database.

(1) Retired 1984 June 28



Table 5.2.1.1

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1984 January 01 - March 31

ARD
CO
EIP
MS
MSC
NRU
NRX
RES
RIS
RL
WEP

TOTALS

1 of Persons

0-49
mrem

20
10
32
29
2
43
37
2
53
0
0

228

68.3

50-99
mrem

1
7
2
18
0
30
0
0
6
0
0

64

19.2

100-199
mrem

0
9
0
5
0
11
0
0
7
0
0

32

9.6

NUMBER

200-299
mrem

0
1
0
0
1
2
0
0
1
0
0

5

1.5

OF TESTED

300-399
mrem

0
0
0
0
1
3
0
0
0
0
0

4

1.2

PERSONS IN

400-499
mrem

0
0
0
0
0
1
0
0
0
0
0

1

0.3

GIVEN DOSE RANGES

500-999
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

1-3
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

3-5
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Above
5 rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Tested
Persons

21
27
34
52
4
90
37
2
67
0
0

334

100.0

Total
mrem

130
2452
642
2221
607
6943
168
11

2144
0
0

15320

I
I—*

o

NOTES TO TABLE ABOVE

(1) Doses are estimated from tritium concentrations in urine of individuals who have submitted one or more samples,
and so represent tested personnel only.

(2) The method of dose estimation Is described in AECL-5507 and AECL-7744.

(3) The numbers in the last column are those that actually result from the method of dose calculations, and are not
intended to represent a number of significant figures.



Table 5 .2 .1 .2

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1984 Apri l 01 - June 30

ARD
CO
EIP
MS
MSC

i NRU
NRX
RES
RIS
RL
WEP

TOTALS

% of Persons

0-49 50-99
mrem mrem

13 0
26 10
30 5
41 17
4 0
40 38
38 0
6 0
52 10
0 0
3 0

253 80

68.2 21.6

100-199
mrem

0
4
0
2
0
23
0
0
5
0
0

34

9.2

NUMBER

200-299
mrem

0
0
0
0
0
2
0
0
1
0
0

3

0.8

OF TESTED

300-399
mrem

0
0
0
0
0
1
0
0
0
0
0

1

0.3

PERSONS IN

400-499
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

GIVEN DOSE RANGES

500-999
mrem

0
0
0
0
0
0
Û
0
0
0
0

0

0.0

1-3
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

3-5
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Above
5 rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Tested
Persons

13
40
35
60
4

104
38
6
68
0
3

371

100.0

Total
mrem

27
1703
763

1984
35

7260
34y
6

2122
0
11

14264

NOTES TO TABLE ABOVE

(1) Doses are estimated from tr i t ium concentrations in urine of individuals who have submitted one or more samples,
and so represent tested personnel only.

(2) The method of dose estimation is described in AECL-5507 and AECL-7744.

(3) The numbers in the last column are those that actually result from the method of dose calculations, and are not
intended to represent a number of significant figures.

o
i
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5.2.4 Replacement of Gamma Spectrometer System

The analyser for the urine gamma scan Is being replaced with a Canberra
series 40 MCÂ and microcomputer system. However, Installation tests showed a basic
incompatability between the MCA and the microcomputer. The microcomputer is being
replaced with a compatible model.

The associated software for data transfer from the MCA to the
microcomputer, data processing by microcomputer and data transfer from
microcomputer to the bioassay database has been completed. The original system was
supplied with software for the first two items and it was found necessary to alter
and in some cases rewrite this software. This system will be put into use when the
database system is installed.

5.2.5 Quality Control Program

The continued fluctuations observed in the tritium quality control
procedure prompted an investigation of the factors influencing the variability of
the observed results. It was found that a relatively large variability existed in
the quench correction number (H number) that is generated by the external standard.
The conclusion of the study was that previous alert levels for the tritium quality
control program, that were based on counting statistics only, were too stringent
and unrealistic. The levels have now been altered.

All other procedures have been working satisfactorily and there have been
no major quality control failures.

5.2.6 Solubility of Uranium Mine Dust in Simulated Lung Fluid (SLF)

This work was jointly funded between DSMA and AECL. The SLF was prepared
as described by Eidson and Griffith (Health Physics hb, 151, 1984). Mine dust was
shaken with 350 mL of SLF under a CO2 rich atmosphere continuously. Each working
day, 300 mL of SLF was removed and replaçai with fresh SLF. All fractions were
reserved and analysis was performed on thcs fractions from day 1, 3, 5 and 30. The
results have been reported to DSMA.

5.2.7 Solubility of Thorium Compounds in SLF

This work was performed under contract to Monserco. The procedure was as
described above.

5.2.7.1 Solubility of Thorium Oxide in SLF

This material was found to be very insoluble, as expected. However, much
more radium (Ra-228 and Ra-224) than thorium was measured in the SLF.

5.2.7.2 Solubility of Thorium Nitrate in SLF

The highly soluble thorium nitrate was found to rapidly dissolve in SLF
and reprecipitate as a flocculent white substance. Both of these thorium SLF
solubility studies have been put on hold until further instructions are received
from Monserco.
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5.3 IN VIVO MONITORING - B.F. Peterman

Contract in vivo monitoring accounted for approximately $8,000 during
this period.

5.3.1 Updating of Whole Body Data Processing Facility

Part of the old data processing facility including an ND-2200
multichannel analyser and a teletype printer/puncher is being replaced by a
Canberra Series 40 multichannel analyser and a microcomputer interfaced to the CDC
mainframe computer. This will in-irove the reliability, eliminate the use of paper
tape, and cut down on the time needed to transfer the data to the mainframe
computer for analysis* The programs needed to operate this system are similar to
those developed for the urine ganma scan, and have been tested. This system will
be put into use when the new data base system is installed.

5.4 RADIOCHEMICAL ANALYSIS - G.H. Kramer

5.4.1 Rapid Gross Alpha and Gross Beta Analysis

The current gross beta and gross alpha methods have been developed with
the objective (amon» others) of minimizing the amount of technical effort required
to produce countabxd samples. However, it is possible that in accident conditions,
the objective would be to minimize the time between receipt of the sample and
having it ready to be counted, with little regard for the amount of technical
effort required.

A rapid method of preparing gross beta samples has been tested and
initial results are good; a recovery of 85 jf 5% was achieved within one hour of
receipt of sample, whereas the routine method cakes approximately 24 hours. To
date, several rapid methods of gross alpha sample preparation have been
investigated, none of which showed promise.

Further work on this project will be carried out when staff is
available.

5.5 METABOLIC STUDIES

5.5.1 Metal Ion-Ami no Acid Studies - G.H. Kramer

5.5.1.1 Uranium Hydrolysis

The experimental protocol has been altered for the reasons given
previously (PR-HS-16). The experiment was performed at 37°C at an ionic strength
of 0.15 mol/L using NaCl as the inert electrolyte. Analysis of the results
substantiates the results from the preliminary investigation that there are two
major species in solution: (UO2)2(OH)2 a n^ (^02)3(0^5. Their respective
equilibrium constants were (2.041 + 0.035) x 10"6 and (1.011 + 0.109) x
10~l'. There are other contributions from higher polynucleated species but it
is not unequivocally clear what they are. The model best fitting the data includes

( and (

The increased temperature and decreased ionic strength appears to
stabilize the (UO2)2(OH)2 complex and destabilize the (UO2)3(OH)5 complex.
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5.5.1.2 Equilibrium Constant Calculations

Equilibrium constants are calculated from the experimental data (emf,
volume, reagent concentrations, temperature) by such programs as SCOGS and
MINIQUAD. The analysis however, must be checked to ensure that the equilibrium
constants are describing the physical system and are not an artifact of the
mathematics used to derive them (i.e. a local minimum). An analysis of residuals,
while normally sufficient, is not a totally satisfactory method of ensuring that
the derived equilibrium constants are describing the physical situation. To
rectify this problem a new program, SYNBAR, has been developed. The program uses
the derived equilibrium constants, the reagent concentrations and observed emf
values to calculate both species distributions and theoretical values of the volume
of base added during the titration. The theoretical values of base should, in
principle, agree exactly with the observed values of base; however, small
discrepancies will always occur. To further test the validity of the derived
equilibrium constants the theoretical values of base volumes are combined with the
observed emf values to produce synthethic results. These results are then compared
to the experimental results and it is clear from this comparison if the equilibrium
constants are valid for the whole of the experimental data set, partially valid, or
totally invalid.

Work, is continuing on developing efficient and robust computer codes to
aid in the overall analysis of experimental data.

5.5.2 Tritium Gas Inhalation Studies - B.F. Peterman

The experimental part of the project has now been completed. Sixteen HT
inhalation exposures on six volunteers were carried out. Eleven exposures were for
one minute and five for ten minutes. No difference in the fractions of inhaled HT
converted to HTO in the one minute and 10 minute exposures was observed.

The average conversion of HT by humans was found to be (2.4 + 0.4) x
10"8 Bq L'i/Bq m~3 min indicating that about 1 x 10"^ of inhaled HT will
be converted to HTO in vivo. The value of HT conversion found in this work is in
good agreement with the value reported earlier of 1.4 x 10"^ Bq L~l/Bq nf"-* min
by Pinson and Langham (J. Appl. Physiol. 1£, 108, 1957).

This result means that the effective dose equivalent due to HTO produced
in vivo was as large as the effective dose equivalents due to HT in the air in the
lungs and that the derived air concentration should be 1 x 10 Bq m~^ rather
than 2 x 10° Bq m~-* as recommended by ICRP Publication 30.

A report detailing the experimental results, conclusions and
recommendations is being prepared.

5.6 METABOLIC MODELS AND INTERNAL DOSIMETRY

5.6.1 Dynamics of Inert Gases in Humans - B.F. Peterman

A project to develop a computer model of the dynamics of gases in humans
has been initiated. The model should aid in improving our understanding of
build-up and clearance mechanisms of gases in the various organs and tissues of the
body. It is intended that the model will be flexible enough to be used for any
radioactive gas that could become dissolved in body fluids, although the main
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objective is to be able to predict the fate of radon and thoron that is produced in
the body following deposition of one or more of their radioactive precursors.
These predictions are necessary if accurate estimates of doses from radon and
thoron daughters are to be made and for the correct interpretation of results from
the thoron-in-breath monitor.

5.6.2 Dosimetric Models of Tritium From Skin Absorption Following Contact with T
Contaminated Surfaces - J.R. Johnson and D.W. Dunford

Experiments with rats (Hutchin and Vaughen, Health Phys. ̂ 11» 1047, 1965)
and humans (Eakins et al., Health Phys. £<8, 213, 1975) have shown that tritium will
be fixed in skin and transmitted to body fluids when intact skin is brought into
contact with surfaces that have been exposed to tritiated hydrogen gas (KT or
T2). Those reports indicated that the hazard associated with this route of
tritium uptake was probably small in laboratories handling small quantities of Î£
but could be significant when large quantities are being processed, particularly
during repair or maintenance of process equipment. Since planned tritium
extraction systems and fusion reactor test facilities will be processing large
quantities of T2 in the near future, it was decided to conduct a preliminary
theoretical investigation of the significance of T2 contaminated surfaces in
terms of dose to skin and to body tissues.

Calculations using models compatible with the results reported by Hutchin
and Vaughen and by Eakins et al. give the ratio of skin dose equivalent to
effective dose equivalent between 5.2 x 10 and 5.1 x 10 . It is possible
therefore that significant skin doses could result from this route of uptake
without urinary excretion of tritium exceeding a significant concentration if only
HTO intakes are assumed. As an example, if only HTO in body fluids is assumed, a
urinary tritium concentration of 10 Bq L"̂ - in urine would result in a
committed effective dose equivalent to Reference Man of about 10 (JSV. However, if
the uptake resulted from skin contact with T2 contaminated surfaces, and the
above mentioned models adequately represent the range of metabolism of tritium in
this circumstance, the committed effective dose equivalent to Reference Man from a
10^ Bq L~l urinary concentration could range from about 0.4 ySv to 10 uSv,
depending on the time post exposure, and the skin dose equivalent could range from
about 250 uSv to 100 mSv, depending on the time post exposure and the model used.

A paper describing this work has been accepted for publication in Health
Physics and experiments to improve our understanding of the metabolism of tritium
in this situation are being considered.

5.7 MISCELLANEOUS

5.7.1 Stable Iodine Measurements in Urine - G.H. Kramer

Since a good method of measuring stable iodine in urine has not been
found, and since stable iodine measurements are required for the radioiodine uptake
study, it was decided to use the method reported previously (PR-HS-16) for the time
being. Continued use of this method indicates that temperature is critical and
that the method is prone to gross errors from outside contaminations.

Results obtained so far on the stable iodine content of urine are
consistent with Reference Man (XCRP-23) and the precision of measurement appears to
be about 0.025 yg/mL based on duplicate analysis.
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To obtain reliable results it is necessary to perform a complete
calibration curve with each analysis which makes this a time consuming method.

5.8 PUBLISHED PAPERS, REPORTS AND FORMAL PRESENTATIONS

5.8.1 Published Papers

Johnson, J.R., Dunford, D.W. and Kramer, G.H. - "Summary of a
Strontium-89 Contamination Case", Atomic Energy of Canada Limited, Report
AECL-8279, Radiation Protection Dosimetry 5^, (4) , 247, 1983.

Johnson, J.R. - Letter to the Editor, "Regarding 'S ta t i s t ica l Dosimetry
of Radiation to Oocytes from DNA-Bound Tritium1 by Slatkin and
Commerford", Health Physics 4£, (4), 957, 1984.

Johnson, J.R. and Dunford, D.W. - Letter to the Editor, "Radiation
Absorbed Doses from Iron-52, Iron-55 and Iron-59 Used to Study
Ferrokinetics", Journal of Nuclear Medicine 25_, (4), 530, 1984.

5.8.2 Reports

Kramer, G.H., Johnson, J.R. and Green, W. - "The Measurement of Natural
Uranium in Urine by Fluorometry", Atomic Energy of Canada Limited, Report
AECL-8251, 1984 February.

5.8.3 Formal Presentations

^Johnson, J.R. and Peterman, B.F. - "A Model to Describe Thoron Exhalation
Following an Inhalation Exposure to Thoria Aerosols". Presented by J.R.
Johnson at the Workshop on Lung Modelling for Inhalation of Radioactive
Materials, Oxford, UK, 1984 March.

Johnson, J.R., Unrau, P. and Morrison, D.P. - "Gene Conversion in Yeast
as a Function of LET for low LET Radiation". Presented by J.R. Johnson
at the 5th Annual Conference of the Canadian Radiation Protection
Association, Banff, Alberta, 1984 May.

Peterman, B.F., Fuhry, H-P., Johnson, J.R. and McElroy, R.G.C. -
"Internal Dosimetry of Tritiated Hydrogen Gas". Presented by B.F.
Peterman at the 5th Annual Conference of the Canadian Radiation
Protection Association, Banff, Alberta, 1984 May.

Peterman, B.F. and Longtin, A. - "Application of Multicorapartment Lung
Model to Thoron-in-Breath Monitoring". Presented by B.F. Peterman at the
5th Annual Conference of the Canadian Radiation Protection Association,
Banff, Alberta, 1984 May.

*Johnson, J.R. - "Age Dependent Metabolism and Dosimetry of Bone Seeking
Radionuclides". Presented at the 6th International Radiation Protection
Association Congress, Berlin (West), 1984 May.

* Paper included in Conference Proceedings
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*Johnson, J.R., Kramer, G.H. and Peterman, B.F. - "Internal Dosimetry
Monitoring at the Chalk River Nuclear Laboratories". Presented by J.R.
Johnson at the 6th International Radiation Protection Association
Congress, Berlin (West), 1984 May.

*Johnson, J.R. - "The Canadian Radiation Protection Association - A Brief
History and Description of its Current Activities". Presented at the 6th
International Radiation Protection Association Congress, Berlin (West),
1984 May.

Johnson, J.R. and Dunford, D.W. - "A Comparison of the MIRD and ICRP
Models for Iron Metabolism in Man". Presented by J.R. Johnson at the
29th Annual Meeting of the Health Physics Society, New Orleans, 1984
June.

Dunford, D.W. and Kramer, G.H. - "The Internal Contamination Database of
the Biomédical Research Branch at CRNL". Presented by G.H. Kramer at the
29th Annual Meeting of the Health Physics Society, New Orleans, 1984
June.

* Paper included in Conference Proceedings
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6. MEDICAL BRANCH

by

D.W.S. Evans

6.1 STAFF

6.2 CLINIC PROCEDURES

6.2.1 Occupational Accident and Illness
6.2.2 Non-Occupational Accident and Illness

6.3 CLINIC VISITS BY WORK CATEGORIES

6.4 BREAKDOWN BY INTERNATIONAL CODE

6.5 MEDICAL EXAMINATIONS

6.6 NON-OCCUPATIONAL ABSENTEEISM

6.7 LABORATORY PROCEDURES

6.7.1 X-Ray Department
6.7.2 Haematology
6.7.3 Urine

6.8 TOTAL HOSPITAL PROCEDURES
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6.1 STAFF

Branch Head
Secretary
Professional
Nurses

D.W.S. Evans
V.A. Schizkoske
J.J. Meenan
A. Kinloch
J. Williams

Medical Technicians M. Plattner
J. Shaw

Part-Time Nurses Y. Davis
G. Miller
D. Williams

6.2 CLINIC PROCEDURES

6.2.1 Occupational Accident and I l l n e s s

AECL
Male

Female

Others
Male

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

Dec

22
21
43

2
2
4

—
—

Jan

20
38
58

2
1
3

—
—

Feb

33
31
64

1
—

i
—

Mar

42
36
78

2
1
3

1
—

Ap£

20
21
41

2
1
3

—
—

May

28
16
44

1
1
2

—
—

TOTAL

328

16

2

Female - New Visits
- Revisits

346

6.2.2 Non-Occupational Accident and Illness

AECL
Male

Female

Others
Male

Female

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

273
141
414

26
11
37

3
3
6

347
203
550

56
35
91

7
2
9

4

~4

318
207
525

38
30
68

14
1
15

1

~~i

376
195
571

55
28
83

6
2
8

2

~2

421
187
608

47
21
68

8
2
10

3

~3

440
188
628

101
40
141

18

L8

3

~3

3296

488

66

13
3863
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6.3 CLINIC VISITS BY WORK CATEGORIES

Dec Jan Feb Mar Apr May
ST HR ST HR ST HR ST HR ST HR ST HR Total

AECL
Office of Vice-Pres.
& General Manager

Office of Dir., Res.

Office of Dir., AR&D

Office of Gen. Mgr.,
PA&O

Health Sciences

Chem. & Mat.

Physics

Office of Gen. Mgr.,
Comm. Ops.

AP&RP

Fuels & Materials

Special Projects

Elect. Inst. & Cont.

Quality Assurance

Finance

Info. Serv.

CREA

Administration

Operations

Plant Design

General Services

Maint. & Const.

1

—

—

18

12

44

3

7

27

8

11

1

10

5

1

8

29

29

20

20

—

—

—

—

—

—

—

—

—

—

—

2

—

—

15

14

—

60

153

2

—

30

38

29

7

21

54

16

32

2

24

10

—

12

36

37

29

28

—

—

—

—

—

—

—

—

—

—

—

1

—

—

22

15

—

65

192

1

1

1

22

35

32

2

5

38

10

18

2

27

14

2

18

42

37

39

24

—

—

—

—

—

—

—

—

—

—

—

5

—

—

24

34

—

56

169*

—

3

21

27

34

4

10

46

12

19

1

27

22

1

18

43

28

29

28

—

—

—

—

—

—

—

—

—

—

—

4

—

—

48

21

—

44

245

3
7
1

2

34

22

38

3

16

42

13

12

1

16

19

3

20

36

27

43

19

—

—

—

—

—

—

—

—

—

—

—

5

—

—

14

37

—

44

250

1

1

1

51

28

48

11

12

70

27

22

2

23

19

2

17

68

35

44

24

—

—

—

—

—

—

—

—

—

—

—

7

—

—

21

26

—

43

212

3

7

X

7

176

162

225

30

71

277

86

114

9

151

89

9

237

401

193

516

1364
254 244 407 295 370 288 373 362 370 350 506 309 4128

Others

Crawley & McCracken

Attached Staff, etc
13 17 11 13 21 81

4209
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6.4 BREAKDOWN BY INTERNATIONAL CODE

Dec Jan Feb Mar Apr May TOTAL

Infectious and Parasitic Diseases

Neoplasms

Endocrine, Nutritional & Metabolic
Diseases, & Immunity Disorders

Diseases of the Blood & Blood-forming
Organs

Mental Disorders

Diseases of the Nervous System &
Sense Organs

Diseases of the Circulatory System

Diseases of the Respiratory System

Diseases of the Digestive System

Diseases of the Genitourinary System

Complications of Pregnancy, Childbirth
& the Puerperium

Diseases of the Skin & Subcutaneous
Tissue

Diseases of the Musculoskeletal System
& Connective Tissue

Congenital Anomalies

Conditions Originating in the
Perinatal Period

Symptoms, Signs & Ill-defined
Conditions

Injury & Poisoning

External & Internal Contamination

Factors Influencing Health Status
& Contact with Health Services

5

3

4

5

45

40

110

17

6

4
6

4

2

47

84

133

24

9

1

1

4

3

4

53

76

130

31

2

1

2

6

3

35

49

179

39

5

1

2

4

2

4

49

48

159

34

8

7

3

7

55

38

148

19

13

20

22

26

18

284

335

859

164

43

2

23 50 40 43 62 54 272

28 41 52 53 29 28 231

29

92

120

527

38

141

1

163

32 38 42 39 218

128 150 121 153 785

3 « — — 4

147 171 192 299 1092

748 706 775 756 863 4375
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6.5 MEDICAL EXAMINATIONS

Dec Jan Feb Mar Apr May TOTAL

6.6

AECL
Male - Initial

- Repeat

Female - Initial
- Repeat

Others
Male - Initial

- Repeat

Female - Initial
- Repeat

NON-OCCUPATIONAL i

3
1
4

1
—
1

—
—
—

__
—
—

\BSENTEEISM

Dec
M

Office of VP —
& Gen. Mgr.

Off. of Dir., *5
Research

Off. of Dir., —
AR&D

Mgr., PA&O

Health Sei. 15

Chem. & Mat. 39*5

Physics 67

Off. of Gen. %
Mgr., Connu.
Ops.

AP&RP 29

Fuels & Mat. 120*5

Spec. Proj. 17

EI&C 11*5

Qual. Assur. 4*5

Finance 7*$
312*5

F

2

—

—

i

17

1

17

3*5

Us
14*s

3

22*5

1*5

27
111*5

M

—

—

24

31

54*5

5

24*5

118*5

21*5

13*5

3

19*s
315

Jan
F

_ _

—

—

49

13*5

33*5

1*5

11

25*5

1

20

—

33
188

8
8
16

4
1
5

1
—
1

__
—
—

M

5

—

28*5

36*5

63

7*5

18*5

86*<

19*5

28

7

22
322

8
2
10

1
1
2

6
—
6

—
—

Feb
F

3

2*5

*5

16*5

16*5

32

—

3*5

30*5

3

3*5

1*5

42
155

M

—

—

27*5

34

30*5

h

29

92*5

27

50*5

3

17*5
312

7
1
8

2
1
3

—
—
—

—
—

Mar
F

10*5

—

5*5

17

9*5

38

1

9

11*5

1

2

—

32*s
137*s

12
7
19

4
2
6

4
—
4

—
—

M

1*5

*5

43*5

36

36*5

2*5

26

116

18*5

41*5

2*s

12
337

46
18
64

26
13
39

8
1
9

1
1
2

kpr
F

16

—

13*5

3*5

33

7

13*5

11*5

3

2*5

*5

40*5
144*5

121

56

20

2
199

May
M

1

—

28

30*5

39*5

3*5

10*5

85*5

16*5

33*5

4

22*5
275

F

2*5

—

—

11

7

12*5

10

15

—

1*5

1

23
84

Total

7*5

37

1

fit-

290*5

258*5

457

33

186

728

131

230*5

28*5

299
2694
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6 .6 NON-OCCUPATIONAL ABSENTEEISM (cont inued)

M F M F M F M F M F M F Total

Total brought312% 111% 315 188 322 155 312 137% 337 144% 275 84 2694

forward

Info. Serv. 8% 13% — 23% 6% 16% 1 19% 3 11 6 16

CREA 2% 1 9 — 2 — 3 2% 15

Admin. 23% 14 25% 25% 23 26% 29 41% 31% 25

Operations 59% 15% 59 16% 55% 13% 76 11 71% 19

Plant Design 73% 13 93 15 36 10 42% 8 49% 18

Gen. Serv. 71% 26 54 20% 37% 20 55% 22% 46% 20

Main. & Con. 83 3 79 1% 46% 81% 72

125

9%

16

76

49%

91

47%

1

15%

20%

16%

15%

10%

45%

296%

493%

424%

480%

437
634% 197% 634% 290% 529 245 600% 246% 626 242% 570% 179% 4996%

6.7 LABORATORY PROCEDURES

6.7.1 X-Ray Department

AECL
Male

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

Dec

20
16
36

1
—
1

—
—
—

—

Jan

9
8
17

__
—
—

—
—
—

—

Feb

43
41
84

2
1
3

—
1
1

__
—

Mar

32
33
65

3
2
5

—
—
—

—

Apr

27
30
57

__

4
4

—
—
—

—

May

36
30
66"

4
2
6

—
—
—

—

TOTAL

325

19

345
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Total brought forward

6.7.2 Haeiaatolof.y

AECL
Male

Female

Others
Male

Female

6.7.3 Urine

AECL
Male

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

Dec Jan Feb Mar Apr May

66
10
76

3
1
4

1
1
2

48
12
60

11
6
17

—

75
41
116

14
7
21

5
—

T

99
13
112

6
3
9

11
—
11

76
18
94

8
9
17

4
—
4

104
19
123

27
8
35

3
—
3

65
—
6~5

2
—
~2

1

T

53
1
54

11
1
12

—

—

68
15
83

12
1
13

5

~5

88
2
90

5
i

~~6

11

ÏÏ

76
2
78

12
1
13

4

~4

86
10
96

19
2
21

3

~3

347

TOTAL

581

103

25

1056

466

67

24

1613
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6.8 TOTAL HOSPITAL PROCEDURES

Audiometric Tests

Blcod Pressures

Clinic Procedures

Electrocardiograms

Eye Examinations

Laboratory Procedures

Medical Examinations

Respiratory Function Tests

Dec

17

—

504

21

36

187

5

7
777

Jan

1

—

715

6

38

160

22

942

Feb

54

23

675

18

27

331

18

23
1169

Mar

47

38

746

14

12

309

11

45
1222

Apr

57

36

733

13

36

271

29

48
1223

May

55

22

836

11

114

353

114

48
1553

TOTAL

231

119

4209

83

263

1611

199

171
6886
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