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INTRODUCTION - J.C.D. Milton

The two progress reports PR-PHS-P-1 (AECL-9262) and PR-PHS-HS-1
(AECL-9263) are continuations of the former series in Physics, PR-P-142,
(AECL-9103) and in Health Sciences, PR-HS-20 (AECL-9102). The new series
have been initiated to take into account the reorganization of the
Research Company effective 1986 February 1. It is intended to issue the
reports semi-a7-nually on June 30 and December 31 covering the previous
six months. The new series cover the same areas as before except that
the Accelerator Physics Branch and the Mathematics and Computation Branch
activities are no longer included in Physics, and the activities of the
Medical Biophysics Branch at Whiteshell are now included in Health
Sciences. The latest progress report on the Medical Biophysics work
appeared in the WNRE report PR-WHS-73.

On 1986 February 1 the AECL Research Company was organized under a
President into four operating units called Program Responsibility Centres
and two Site Support Service units, plus three units devoted to Business
Development, Strategic Technology Management and Finance, each unit
headed by a Vice-President or a General Manager, as shown on the
following chart:

AECL RESEARCH COMPANY

PRESIDENT
S.R. Hatcher

Vice-President
FINANCE

D.D. Molnar

Vice-President
BUSINESS .

DEVELOPMENT
C.G. Lennox

General Manager
CRNL

P.J. Harvey

General Manager
WNRE

M.G. Wright

Vice-President
STRATEGIC TECHNOLOGY

MANAGEMENT
E. Critoph

Vice-President
REACTOR

DEVELOPMENT
R.E. Green

Vice-President
WASTE

MANAGEMENT
W.T. Hancox

Vice-President
RADIATION

APPLICATIONS
AND ISOTOPES

H.K. Rae

Vice-President
PHYSICS AND

HEALTH SCIENCES
J.C.D. MiHon



- ii -

The Physics and Health Sciences Program Responsibility Centre has been
organized into eight branches and three offices, shown below with the
appropriate Assistant Vice-President.

Business Development Office*
Commercial Office*

Dosimetric Research Branch
Radiation Biology Branch
Environmental Research Branch
Medical Biophysics Branch

Nuclear Physics Branch
TASCC Operations Branch

Neutron & Solid State Physics Branch
Theoretical Physics Branch

Fusion Office

Assistant Vice-President
Health Sciences

Assistant Vice-President
TASCC

Assistant Vice-President
Physics

This report (AECL-9263) covers the research, business and commercial
activities of Dosimetric Research, Environmental Research, Radiation
Biology and Medical Biophysics Branches. The first three are located at
Chalk River Nuclear Laboratories, Chalk River, Ontario, KOJ 1J0, the last
at Whiteshell Nuclear Research Establishment, Pinawa, Manitoba, RoE 1L0.
Specific enquiries should be directed to the branch concerned.

As can easily be imagined, the activites in the Vice-President's Office
during the first half of 1986 were dominated by matters related to the
reorganization. While most of the purely structural problems have been
satisfactorily resolved, many longterm issues are under continual review.
Foremost among these are the questions of how to maintain our traditional
excellence in fundamental research in the face of reduced funding from
the federal government, and how to assist and integrate with the
commercial aims of the Research Company without losing the ability to
compete in the research fields in which we are now strong. In charting
our new path we shall strive to keep the several existing large research
facilities, (TASCC, the NRU neutron spectrometers, and the CRNL
environmental site, for example) that are unique in Canada, at the
forefront of all such facilities worldwide and available to all qualified
Canadian scientists. In addition we are expanding our post-doctoral and
research associate programs to make available young active and creative
staff for our programs.

*Shared with Radiation Applications and Isotopes



1. HEALTH SCIENCES SUMMARY

by

A.M. MARKO

Dosimetric Research Branch

A comparison between measurement of neutron doses to oil-well
logging workers, by NTA nuclear emulsions and by CR-39 damage tract
detectors, made under contract with the AECB, has been completed. The
results show that these workers often receive neutron doses below the
level normally detected by NTA dosimeters (about 200 mSv). The
maximum measured f'ose equivalent to any worker was about 1.5 mSv over
the whole year.

Preliminary measurements have been made on the glow-curves from
materials which are likely to contaminate personal TLD's. These are
chalk, plaster, talc and sweat (from finger tips). These contaminants
give glow-curves with peaks at lower temperatures than those obtained
from irradiated TLD's. This can provide the basis for discriminating
the sources of glow-curves and make the TLD more reliable as a
dosimeter. It was also demonstrated that to insure adequate heating
of the TLD continued use of the thermocouple probe is necessary.

Previously published tables (AECL-7616, 1982) of dose
distributions from beta ray emitters of importance in radiation
protection and medical applications were based on the distributions
for monoenergetic electrons calculated by Spencer in 1959. Spencer's
calculations neglected range straggling and thus yielded doses that
are too low at large distances from the source. To provide more
accurate values Monte Carlo calculations were used to obtain dose
distributions around isotropic point sources of monoenergetic
electrons in water, and from plane, parallel sources of electrons in
water. The SANDYL code was used. For electrons up to 1 MeV from an
isotropic point source, the results agree with Spencer's values at
distances up to 55% of the nominal range, but differ considerably at
larger distances. At higher energies there are also differences at
short distances, resulting from backscattering. The results for
plane, parallel sources were compared with those from other workers in
the field. There was good agreement with Rogers' values but
disagreement with those of Prevo.

The modification to the Scintrex 209 Tritium-in-air monitor to
provide HTO response suppression is achieved by the attachment of a
drying cartridge to the monitor. This modification would allow for
quick discrimination between HT and HTO in the workplace.
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A two-stage bubbler system has been built to determine
separately HTO and HT concentrations in air. The project was
undertaken to demonstrate the utility of the CRNL-developed
wet-proofed catalyst in this application. Initial field tests have
been completed but further tests are necessary. It appears that HTO
hold up in the reactor-oxidizer column is significant. This is not a
serious problem for applications such as stack monitoring but could be
a problem for area monitoring.

At present it is difficult to measure low-energy beta emitters
on surfaces, in particular C-14 and H-3. The use of open-window,
multi-wire proportional counters is a possible approach. A study has
been initiated to assess the utility of these devices for this type of
measurement. Preliminary tests indicate that these are very sensitive
to microphonlcs, which has prevented the observation of any spectra-
Various solutions to the microphonics problem are being pursued,
including electronic solutions.

A review on the potential of passive (no mechanical pumps) radon
daughter devices as personal dosimeters has been completed. It is
concluded that passive dosimeters for measuring radon gas are
available and reliable, but there does not presently exist an
acceptable passive dosimeter for radon daughters. There is little, if
any, hope for the development of such a device in the forseeable
future. The prospect of developing semi-passive, (for example, use of
electrostastic collection) devices for this purpose appears to be only
remotely possible.

To measure total activity of C-14 in fecal samples, complete
recovery of carbon is essential. The efficiency of combustion of
benzoic acid, sodium EDTA and cellulose in an oxygen bomb has been
investigated. These tests indicated that complete recovery is not
being achieved.

Environmental Research Branch

Atmospheric dispersion parameters used in Gaussian plume models
can be measured directly as wind direction fluctuations or inferred
from wind speed and/or vertical temperature gradient observations.
Wind speed and directions with temperature gradient measurement from
the Perch Lake tower have been used to check the correlation between
the methods. It was found that the average standard deviation
increases with averaging time and the coefficient of variation does
not decrease. Analysis of argon-41 concentration data collected at 6
minute intervals from 1970-1976 is continuing although the associated
wind and temperature data are rather inadequate.

The model for lateral growth of the heated plume has been
revised to include atmospheric dispersion as the dominant effect. For
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a point source, this leads to a Gaussian temperature profile in the
lateral direction. It has been found that, beyond a certain distance
downwind, a circle or line source generates an "equivalent" Gaussian
profile whose parameters can be related to those of a point source, to
a very good approximation. Preliminary fits of a few profiles show
that the expected atmospheric parameters are obtained. A program has
been written, and is being debugged to fit all observed profiles.

Exposure chamber experiments indicate that HT (or T2)
oxidation in air is very slow and all deposition results from the
diffusion of HT into soil where it is oxidized to HTO by bacterial
action. However, field measurements in France in 1973 indicated that
tritium deposition from atmospheric HT was much faster than would be
expected from such laboratory experiments. To help resolve this
question, it is planned to carry out a field experiment at the CRNL
Meteorological Field in August in association with personnel of
Ontario Hydro Research Division. 200 GBq ( 5 Ci) of HT will be
released over a 30 minute period during which atmospheric HT and HTO
will be collected to observe the rate of conversion of HT to HTO in
the atmosphere. Subsequently soil cores and vegetation will be
analyzed to observe the dispersal of this tritium in the environment
and obtain a data base useful for testing dispersion models.

Research on groundwater contamination at the nitrate disposal
site and on the tracer test plume have been related to verification
and validation of site-specific and generic groundwater pathway
models. The plumes of contamination that have been subjected to
intensive geohydrochemical investigations are used for the validation
of sophisticated numerical models of contaminant transport in
groundwater disposal. The details of simple analytical models related
to contaminant transport in groundwater have been described; these
models will be tested for their applicability for assessing the
environmental impact of subsurface waste disposal.

The elution of 85gr from sands obtained from the field,
uncontaminated and contaminated with "^Sr for 30 years, has been
found to be anamolous. Columns prepared from these sands were loaded
with -*H anc* -'Sr and eluted with groundwater. The behaviour of
°^Sr in the sediments contaminated with ""Sr was completely
unexpected; approximately 98% of °-*Sr was retained for a long
term period. The migration of °^gr in uncontaminated sands or in
sands contaminated 72 hours previously by '^Sr, were very similar.
Preliminary analysis of results show that no simple equilibrium
transport or kinetic type of model can be used to simulate the
behaviour of radiostrontium behaviour on the contaminated core taken
from the ^ S r p i u m e in the field. However, the radiostrontium
behaviour on the clean core appears to follow the equilibrium
transport model.
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Nuclide mass balances have been extended to include behaviour of
nickel and arsenic. Most of the nickel and arsenic measured in the
surface waters of the lake was found to be in the dissolved state.
The distribution of arsenic within the sediment cores and around the
lake bottom was strongly correlated with the distribution of nickel.
The distribution and behaviour of nickel and arsenic in Moira Lake was
very similar to the behaviour of nuclides studied in other systems.
These observations support the hypothesis that generalizations about
the behaviour of elements in surface waters can be made that are
independent of the individual source term and that are generic to
shield lakes.

Assessment of the proposed shallow land burial site is being
actively pursued. Analysis of the major chemical ions of samples
collected in the fall of 1985 has been completed. Migration of
radionuclides on columns of sediments obtained from the field have
been investigated. Mobility of radionuclides by cement/bitumen
leachate has also been initiated. The data obtained for the field and
laboratory studies will have important implications in the assessment
of the site for storage of wastes by shallow land burial.

One approach to assessing the potential for migration of
radionuclides from future waste disposal vaults is through a study of
natural analogs of such sites. The Cigar Lake uranium deposit, in
Saskatchewan, is one example that is currently being studied as part
of the Canadian Nuclear Fuel Waste Management Program. A study on the
effects of microorganisms on this site was initiated. The results
clearly show that bacteria are present in large numbers in many of the
groundwater samples taken from the boreholes around the Cigar Lake
uranium deposit. The observation of relatively large numbers of
bacteria growing under nitrogen atmosphere suggests that the observed
bacteria are at least partially derived from the natural rock mass.
Similarly, the presence of sulfate-reducing bacteria in several
samples supports the idea that there is a resident bacterial
population in the rock mass. The bacteria with their growth
characteristics may have played an important role in minimizing the
secondary dispersion of uranium by their effect on the redox chemistry
of the system.

A special sampling program was initiated at the beginning of May
in response to the reactor accident at Chernobyl. The collected
samples were analyzed for total beta and gross alpha activities as
well as for gamma emitters. No unusual radioactivity was detected in
the rain water which fell in the area around CRNL. All results
indicate that the accident at Chernobyl presented no significant
health risk to people living in this area.

The group which was previously providing radiotracer services,
in the Radiochemical Company in Ottawa, has been disbanded and these
services are now being offered through the Environmental Research
Branch at CRNL. Earlier thij year all the necessary equipment was
transferred from Ottawa to CRNL.
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Radiation Biology Branch

A major joint project amounting to $545K over 2| years between
A.ECL and AECB on screening human populations for abnormal
radiosensitivity has been approved. The project is planned in three
phases. Phase I would assess two rapid screening procedures for cell
survival following ionizing radiation exposure—cell sizing analysis
and colony forming ability—using immortalized lymphoblastoid cells-
The assays would be validated by comparing cells from normal persons
with those derived from donors with demonstrated radiosensitive
disorders. Phase II would establish an estimate for the proportion
of putatively-sensitive persons in the population. Phase III, the
ratio of the frequency of radiosensitivity in a cancer patient
population to that in the normal population would be determined, to
provide an estimate of the extent of increased risk in the
subpopulation of persons identified as abnormally carcinogen
sensitive. The screening program promises to revolutionize the way we
look at risk, by protecting the actual individual and not some
average person.

Tay syndrome is a rare disorder with pronounced sensitivity to
ultraviolet light. Collaborative studies with the two Montreal
childrens' hospitals have been undertaken to establish lymphoblastoid
cell lines and cultured fibroblast strains. If the degree of
hypersensitivity indicated by skin erythema should hold at the
cultured cell level, this disease would represent a valuable source of
material for the study of DNA repair mechanisms. Cell lines are being
established for two patients with the disorder and both parents of one
patient.

To obtain a population of separated cells in suspension for
post-carcinogen survival studies, fibroblast cultures are usually
treated with trypsin. It has been found that trypsinization causes
damage to DNA that is detected by the FADU technique. This finding
has possible profound implications for survival analysis of
post-carcinogen treated cultured fibroblast strains.

On acute exposure to low LET ionizing radiation, cultured
fibroblasts from donors manifesting the autosomal recessive
development disorder termed Roberts or pseudothalidomide syndrome (RS)
exhibited a survival response statistically indistinguishable from
normal. The sensitivity of RS strains to low LET ionizing radiation
delivered chronically was examined. It was found that under chronic
irradiation the RS strains were clearly more sensitive than normal
cells. RS thus clearly belongs to the growing list of radiosensitive
heritable human disorders. It has also been found that
hypersensitivity to mitomycin C of two RS carriers is intermediate
between RS patients and normal strains.

It was shown that hyperthermia treatment temporarily sensitized
human fibroblasts to killing by ionizing radiation, and that this
sensitization was due to a temporary inhibition of the cells1 ability
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to repair radiation induced UNA damage. It has also been found that
hyperthermia pre-treatment sensitized human cells to killing by
bleomycin exposure; hyperthermia treatment after bleomycin exposure,
however, was ineffective. Since heat treatment is effective before
and after radiation exposure, the types of damage produced by
bleomycin and radiation are not identical. This chemical may be of
value therefore in a treatment regime involving hyperthermia,
radiation and chemotherapy.

It has been shown that hyperthermia treatments protected mice
against "promotion", the second step of new tumor formation. The
promotion step of tumor formation can be further divided into two
separate stages, based on the sequential applications of different
agents. It was found that hyperthermia treatments given at either
stage alone protects the mice against tumor formation and was as
effective as hyperthermia given during both stages of promotion.
Since only a small number of heat treatments were needed during the
first stage of tumor promotion, hyperthermia may be of practical value
in persons occupationally exposed to known carcinogens which are tumor
promoters or in patients receiving chemotherapy.

Previous studies using a lower eukaryote, yeast, showed that
ionizing radiation markedly reduced the incidence of mutations
resulting from exposure to a chemical carcinogen. This reduction was
proportional to radiation dose and resulted from the induction of an
error-free DNA repair system. These studies have now been extended to
live animals. Mice, whose skin was exposed to a single dose of

-irradiation prior to exposure to the chemical mutagen were markedly
protected against tumor formation- This suggests that, as in yeast,
mammals may possess a DNA repair system which is inducible by exposure
to ionizing radiation; this can offer protection against some types of
chemicals causing DNA damage which can lead to tumor formation.

New plasmids have been produced to detect _i_n vitro recombination
catalysed by cell extracts from various types of cells. Recombinants
are detected by obtaining tetracycline (tet) resistant clones in
crosses between two plasmids which have different tet mutations;
plasmid pUWl containing the tetlO mutation and pUW4 containing the
tet!4 mutation. Analysis of the resulting tet resistant clones then
indicates which plasmid was the donor and which the recipient of the
gentle material in a recombination event. The arrangement of the
mutations in the plasmid did not affect the result that tetlO is
preferentially converted to wild type-

One of the goals of the development of an Ĵ n vitro recombination
assay was to be able to discriminate recombination proficient from
deficient human cell lines. The recombination assay between tet
sensitive plasmids, which generate resistant clones by recombination,
was therefore extended to examine the effects of endonuclease-
generated double-strand breaks on recombination. At present the full
pattern of events in crosses between cut and uncut plasmids has not
been studied but at this preliminary stage it is already clear that
plasmids do not lead either to reciprocal recombination frequencies or
to reciprocal conversion of the tetlO mutation to wild type as for
tetlA.
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Medical Biophysics Branch

Inhibition of cell division by radiation was studied- With time
the radiation-induced lesions are repaired after a given dose, for
example, 1 Gy. It was found that the addition of lithium stimulated
cell division.

Radiation and heat treatment of Chinese hamster CBIIS and
radiation-transformed cells has been completed. After irradiation,
the number of microtubular centers per cell increased in the Chinese
hamster cells, and by a large amount in the radiation-transformed
cells. Forty-eight hours after heating the microtubular centers
increased in the transformed cells but decreased in the Chinese
hamster cells. After heat, the visible microtubular centers are
smaller than those seen after irradiation or in untreated controls.

Protocols for the extraction, purification and culturing of bone
marrow progenitor cells from human volunteers have been standardized,
and consistent, reliable data are being generated. Fourteen bone
marrow samples have been tested for x-ray survival from 0 to 5 Gy.
All samples exhibited a survival curve composed of two different
slopes. It has also been found that the sub-population of
photochemically sensitive progenitor cells is also temperature
sensitive. Inactivation of cell division increased with increasing
temperatures. Superoxide dismutase protects the superoxide-sensitive
cells to a greater or lesser extent, depending on the temperature.
The Analytical Cell Sorter is being used to characterize the human
bone marrow mononucleated cells in terms of their size and degree of
granularity. Consistent cell distribution profiles have been obtained
on 14 samples of bone marrow.

A study of three radiosensitizers that act by reducing
glutathione levels has been completed. The action of the sensitizers
has been followed on the morphology of cells using both scanning and
transmission electron microscopy. Although the three
radiosensitizors reduce glutathione levels, they have different
effects on cellular morphology. Such effects may account for the
different degrees of radiation sensitization seen with these agents.

The enzyme glutathione peroxidase is one of the few proteins
found in nature which contains the amino acid selenocysteine. To
determine the amount of this residue by amino acid analysis,
selenocysteine has to converted chemically to the more stable
carboxymethyl form. Unfortunately, the carboxymethyl form is not
available commercially and attempts to synthesize have not yet proven
successful. However, it is hoped that the synthesis will soon be
achieved.

Adverse biological effects of ionizing radiation are an
expression of molecular radiation damage to different cellular
targets. This chemical damage is largely free radical-mediated and
results in changes to cellular raacromolecules through the breakage of
chemical bonds. These chemical changes are difficult to pin-point by
conventional analytical techniques, but their presence may be
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inferred by subsequent conformational changes. Such conformational
changes in DNA and phospholipids in aqueous solution and whole cells,
produced by the action of low levels of ionizing radiation and/or
chemical carcinogensy are being studied using a Fluorescence Lifetime
Instrument (FLI). This monitors the kinetic characteristics of the
excited states of site-specific fluorescent probes, providing hidden
information about the local intracellular environment in the vicinity
of the probe, and any changes arising from external perturbation.
Ethidium bromide, propidium iodide and Hoescht dyes intercalate into
double-stranded DNA, and diphenyl hexatriene and diphenylanthracene
associate with hydrophobic regions in membranes. Radiation-induced
changes in DNA and phospholipid membranes have been observed using
time-resolved fluorescence spectroscopy at about 5Gy, and effects at
lower doses may be observed using second-generation fluorescent
probes. The Turner spectrophotofluorimeter is being modified to allow
steady-state fluorescence anisotrcpy experiments to complement those
on the Fluorescence Lifetime Instrument. These studies will allow us
to probe the interaction of fluorescent probes with cellular
components and to monitor the rate and extent of fluorescence
depolarization as a measure of the subtle changes in the intracellular
environment caused by radiation and other forms of oxidative stress.

Mammalian cells become more sensitive to radiation when
bromodeoxyuridine is incorporated into their DNA. These data confirm
th t DNA is an important target for radiation-induced cell
inactivation, and we are continuing our studies to understand the
underlying molecular mechanisms. In particular, we are attempting to
quantify the contributions of base and sugar phosphate backbone
damage. The hydrated electrons formed by the 'indirect effect1 react
with the 5'-bromouracil base yielding a uracilyl radical that may
undergo reduction to form an altered base uracil. We have observed a
concomitant increase in sugar-phosphate damage, in the form of
inorganic phosphate release from 5'-bromouracil monophosphate and
strand breakage in polyadenylic acid:polydeoxybromouradylic acid
suggesting an intramolecular H atom transfer mechanism. This
interesting finding that initial base alterations can lead to DNA
backbone damage may account for the effectiveness of bromodeoxyuridine
as a cellular radiosensitizer.

General

A.M. Marko, as Canadian representative, and D.K. Myers, as
Scientific Advisor, participated in the annual meeting in Vienna of
the United Nations Scientific Committee on the Effects of Atomic
Radiation. Three reports on genetic effects of radiation, dose
response relationships for radiation-induced cancer and effects of
irradiation in utero were prepared in final versions for publication
in 1986. Considerable progress was made in the preparation of other
reports for publication in 1988- Environmental effects of radiation
was added to the list of topics to be considered.



2-1

2. DOSIMETRIC RESEARCH BRANCH

by

2.1 STAFF J'R* JOHNSON

2.2 NEUTRON DOSIMETRY

2.2.1 Measurements of Neutron Doses to Workers in the Oil-Weil
Logging Industry

2.2.2 Background and Sensitivity in CR-39 Neutron Dosimeters
2.2.3 Power Supply for Electrochemical Etching

2.3 THERMOLUMINESCENCE DOSIMETRY

2.3.1 Laser Heating of TLD's
2.3.2 Glow-Curves from Luminescent Contaminants
2.3.3 TLD Glow-Curve Plotter
2.3.4 Confirmation of Adequate Heating of TLD's
2.3.5 Output from Unexposed Dosimeters
2.3.6 Quality Assurance Tests for Personnel Dosimetry
2.3.7 Measurement of Doses to Mice in a Myeloid Leukemia Experiment

2.4 BETA DOSIMETRY

2.4.1 Monte Carlo Calculations of Dose Distributions from Monoenergetic
Electrons

2.4.2 Angular Distributions of Electrons Transmitted Through Water
2.4.3 Table of Dose Distributions around Point Sources and from

Parallel Beams of Beta Radiation
2.4.4 Dose Distributions from Point Sources of Conversion Electrons
2.4.5 Measurement of Dose to Mouse Skin from a Sr-90/Y-90 Source
2.4.6 Measurements of the Characteristics of a Pm-147 Beta Ray Source

2.5 TRITIUM MONITORING

2.5.1 Modification to Scintrex 209 Tritium-in-air Monitor to Provide
HTO Response Suppression

2.5.2 Wetproofed Catalyst Bubbler System
2.5.3 Modulated-Flow Tritium-in-air Monitor
2.5.4 Tritium Liquid Effluent Monitor Review
2.5.5 Tritium Safe Handling Course

2.6 STACK EFFLUENT MONITOR

2.6.1 Filter Change System

2.6.2 Noble Gas Detector

2.7 RADIATION INSTRUMENT DEVELOPMENT

2.7.1 Sealer Rate Meter AEP-5341

2.7.2 Detector for C-14 and H-3 on Surfaces
2.7.3 1-125 Area Monitor
2.7.4 Passive Radon Daughter Personal Dosimeter Survey
2.7.5 Doorway Monitor
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2.8 RADIOCHEMICAL ANALYSES

2.8.1 Neptunium in Urine

2.8.2 Gross Beta and Gross Alpha Analysis on a Single Urine Sample

2.9 METABOLIC STUDIES

2.9.1 Metal Ion-Amino Acid Studies
2.9.2 Carbon-14 Particulates in the Rat Lung

2.9.3 Combustion Bomb Efficiency for Organic Compounds

2.10 EMPLOYEE MONITORING PROGRAM

2.10.1 Distribution of Tritium Exposure at CRNL

2.10.2 Body Radiation Doses
2.10.3 Extremity Doses
2.10.4 Bioassay Laboratory
2.10.5 Commercialization of Bioassay Services
2.10.6 Calibration of a Hyperpure Germanium Detector
2.10.7 Intercomparison Studies
2.10.8 In-Vivo Monitoring Facility

2.11 PUBLISHED PAPERS, REPORTS AND FORMAL PRESENTATIONS
2.11.1 Reports
2.11.2 Formal Presentations
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2.1 STAFF

Branch Manager

Secretary

Professional Staff

W.G.
R.M.
A.R.
G.H.
E.S.

R»G »C •

Cross
Holford
Jones
Kramer
Lamothe
McElroy

(1)

B.F. Peterman (2)

Draftsman

B.A. MacDonald (6)

Lab Attendant/Clerical

H.M. Power (PT)

Students

L.J. Bonnell
T. Deibert

N.E.J. Hunt
C.S. Lee

National
National
National
Local

J.R. Johnson

L.A. Kaden

Technical Staff

A. Arneja
J.D. Brunette
D.W. Dunford
N.O. Freedman
R.G. Gallagher
S.M. Galipeau (3)
S.E. Gardner

S.C.E. Maggs
A.H. Ohno
W.F. Richter
J.M. Robertson (4)
E.F. Seguin (5)
R.A. Surette

C. Thibeau
M. Wood

Waterloo from 86.05.05
Alberta from 86.05.06
Waterloo from 86.04.28.
Toronto from 86.05.05.

(1) Started in Branch, 1986 May 20.
(2) Transferred to Bubble Damage Technology Unit, 1986 April 01.
<3) Terminated, 1986 June 06.
(4) Temporary, replacing E.F. Seguin, started 1986 April 21.
(5) Terminated, 1986 January 31.
(6) On Loan from Drawing Office.
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2.2 NEUTRON DOSIMETRY

2.2.1 Measurements of Neutron Doses to Workers in the Oil-Weil Logging
Industry - W.G. Cross and A. Arneja (Funded by the AECB)

A comparison between measurements of neutron doses to oil-well logging
workers, by NTA nuclear emulsions and by CR-39 damage track detectors, made under
contract with the AECB, has been completed and a report submitted. Selected
workers wore both NTA detectors for the regular one-month period and CR-39
detectors for various periods from a month to a year. The results show that these
workers often receive neutron doses below the level normally detected by NTA
dosimeters (about 200 ySv) but detectable with CR-39 (threshold 30 pSv). The
maximum measured dose equivalent to any worker was about 1.5 mSv over the whole
year. If the workers tested are typical of those who handle portable neutron
sources in oil-well logging, the dose equivalents received in this industry are
thus small compared with gamma-ray doses received by many radiation workers in
other industries.

2.2.2 Background and Sensitivity in CR-39 Neutron Dosimeters - W.G. Cross
and A. Arneja

Background track densities have been measured in unirradiated samples of
CR-39 manufactured by Bristol University. Considerable variation was found from
one sheet to another. The best sheet had a background equivalent to about 20 uSv,
when processed under the standard conditions used at CRNL. This is about three
times lower than that of the American Acrylics CR-39 that we normally use.
However, this Bristol material was also somewhat less sensitive to protons below
100 keV and to Pu-Be neutrons. This work is continuing.

2.2.3 Power Supply for Electrochemical Etching - P.J. Bunge (Accelerator
Physics Branch), W.G. Cross and A. Arneja

A compact power supply for electrochemical etching of CR-39 dosimeters
was designed and built under contract with the Department of National Health and
Welfare. It provides variable voltages up to 2000 volts at both 60 Hz and 2 kHz.
A second unit is under construction.

2.3 THERMOLUMINESCENCE DOSIMETRY

2.3.1 Laser Heating of TLD's - A.R. Jones, W.F. Richter and N. Hunt

As noted in PR-HS-20, a problem with laser heating is the decrease in
intensity which occurs away from the centre of the beam (which has a Gaussian
profile). It has been shown (1) that a uniform beam can be achieved with an
appropriate optical channel. The dimensions of two such channels have been
calculated. The resulting beam profiles have been calculated both by ray tracing
and by taking into account interference effects in the coherent beam.

2.3.2 Glow-Curves from Luminescent Contaminants - A.R. Jones and N. Hunt

Preliminary measurements have been made on the glow-curves from materials
which are likely to contaminate personal TLD's. These are chalk, plaster, talc and
sweat (from finger tips). They give glow-curves with peaks at lower temperatures

(1) A. Abtahi, Laser Stimulated Thermoluminescence. Doctoral Thesis, May 1986,
Washington State University.
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(i.e. earlier in the time of the heating cycle) than those obtained from the TLD's.
This can provide the basis of visual discrimination, by comparison with typical
contamination glow-curves. Alternatively a delay in the beginning of reading of
the automatic TLD reader would make it less susceptible to contamination effects.

2.3.3 TLD Glow-Curve Plotter - R.M. Holford, W.F. Richter and A.R. Jones

A prototype of the glow-curve plotter has now been constructed and is
being used for experimental investigations. This prototype differs from the
proposed production version only in the program for the microprocessor which
controls the instrument. The program for the production version will have four
alternative operating modes, to allow it to be used with a variety of TLD readers.
The most sophisticated mode is the selective plotting mode, wherein the plotter
collects data for each glow curve but then waits for the reader to send a special
character to indicate whether that curve is to be plotted or discarded. Operation
in this mode required changes to the controlling program for the TLD reader itself.
These changes have been implemented and testing is now taking place.

2.3.4 Confirmation of Adequate Heating of TLD's - A.R. Jones and N. Hunt

In the CRNL automatic TLD reader, adequate heating of the TLD's is
demonstrated by measuring the cooler surface of the TLD with a small thermocouple.
To avoid the use of this fragile thermocouple, the TLD could be heated for a fixed
period and the resulting glow-curve examined to demonstrate that the peak occurred
at the proper time in the heating cycle. However, if no reading is obtained, it
would be necessary to determine whether this resulted from no exposure of the TLD
or from inadequate heating.

Various methods of varying the TLD heating were used and it was found
possible to produce glow-curves with no peaks - of roughly the same shape as those
obtained from unexposed TLD's. These results support the continued use of the
thermocouple probe.

2.3.5 Output from Unexposed Dosimeters - A.R. Jones and N. Hunt

TLD dosimeters emit light even when not irradiated and the consequent
signals must be subtracted to estimate doses at low levels (90% of the readings
made at CRNL are in this class). At present, this is done by subtracting the
readings of two unirradiated dosimeters placed in each magazine. This method is
valid only if the light emitted by all unirradiated dosimeters is the same. In
fact, this quantity varies from one dosimeter to another and from one reading to
the next.

A possible solution is being investigated. It consists of prolonging the
heating time after each reading is complete and using a signal from the light
emitted in this period for subtraction. This gives an individual correction for
each dosimeter. This solution would have the disadvantage of slightly slowing the
reading process but the advantage of reducing the residual signal.

2.3.6 Quality Assurance Tests for Personnel Dosimetry - A.R. Jones and A. Ohno

All the tested dosimetry results in a sample of 48 met the required
criteria for agreement with the quality assurance dosimeters.
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2.3.7 Measurement of Doses to Mice in a Myeloid Leukemia Experiment - A.R. Jones

To arrange that three groups of mice can be given X-ray doses in the
ratios 1:2:3 simultaneously, the positions and orientations of three sets of cages
had to be determined. This was done by surveying the beam distribution and
checking the doses in the cages after thse were appropriately positioned and set
up. Measurements were made with sensitized LiF TLD's of low energy dependence.

2.4 BETA DOSIMETRY

2.4.1 Monte Carlo Calculations of Dose Distributions from Monoenergetic
Electrons - W.G. Cross (in collaboration with P.Y. Wong, Mathematics and
Computation Branch)

Previously published tables (1) of dose distributions from beta ray
emitters of importance in radiation protection and medical applications were based
on the dose distributions for monoenergetic electrons calculated by Spencer in
1959. Spencer's calculations neglected range straggling and thus yielded doses
that are too low at large distances from the source. To provide more accurate
values we have used Monte Carlo calculations to obtain dose distributions around
isotropic point sources of monoenergetic electrons in water, and from plane,
parallel sources of electrons in water. The SANDYL code (2) was used. Doses were
calculated for the same 10 energies used by Spencer, from 0.025 to 10 MeV.
Sufficient numbers of electrons were followed to give statistical errors below 2%,
out to 90% of the electron range. Bremsstrahlung and all secondary electrons were
followed whenever these were significant, but they have a very minor effect on dose
distributions for energies below 4 MeV.

For electrons up to 1 MeV from an isotropic point source, the results
agree with Spencer's values at distances up to 55% of the nominal range, but
differ considerably at larger distances. At higher energies there are also
differences at short distances, resulting from backscattering. Our results for
plane, parallel sources were compared both with Spencer's values and with the Monte
Carlo results of Rogers (3), made with a modification of the EGS code. The SANDYL
results are within a few percent of Roger's values but at short distances are
somewhat closer to Spencer's results. Dose distributions calculated by Prevo (4),
also using the SANDYL code, disagree with all these results.

(1) W.G. Cross, H. Ing, N.O. Freedman and J. Mainville, Tables of Beta Ray Dose
Distributions in Water, Air and other Media, AECL-7616, 1982.

(2) H.M. Colbert, SANDYL - A Computer Program for Calculating Combined Photon-
Electron Transport in Complex Systems, Sandia National Laboratory,
SLL-74-0012, 1974.

(3) D.W.O. Rogers, Fluence to Dose-Equivalent Conversion Factors Calculated for
Electrons from 100 keV to 20 GeV and Photons from 11 keV to 20 GeV, Health
Physics 46, 891, 1984.

(4) C.T. Prevo, Electron Energy Distribution in Tissue, Lawrence Livermore
Laboratory Progress Report, 1984.
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2.4.2 Angular Distributions of Electrons Transmitted Through Water -
W.G. Cross (in collaboration with P.Y. Wong, Mathematics and Computation
Branch)

The SANDYL Monte Carlo code was used to calculate angular distributions
of electrons at various distances in water from monoenergetic, isotropic point
sources of energies between 0.7 and 4 MeV. At distances beyond about 0.35 of the
range, the shape of the angular distribution becomes substantially constant. This
verifies for the first time one of the assumptions on which single-group theories
of beta-ray attenuation are based.

2.4.3 Table of Dose Distributions around Point Sources and From Parallel Beams
of Beta Radiation - W.G. Cross and N.O. Freedman

The dose distributions for monoenergetic electrons in water, described in
Section 2.4.1, were used to replace Spencer's tables in calculating distributions
around isotropic point sources, and from parallel beams, for about 100
beta-emitting radionuclides. The calculations were otherwise identical to those
described in AECL-7617. The resulting distributions generally agree with those
based on Spencer's tables out to about 60% of the maximum range, but deviate by
increasing amounts at larger distances, always being greater.

2.4.4 Dose Distributions from Point Sources of Conversion Electrons -
W.G. Cross and N.O. Freedman

Radionuclides emitting conversion electrons and no beta particles are of
particular importance for nuclear medicine. The computer code used in the
calculations of AECL-7617 were modified to handle 25 electron components and dose
distributions were calculated for point sources of about a dozen widely-used
nuclides, including Tc-99, 1-123, Ga-67 and In-Ill. They include doses from both
conversion and Auger electrons.

2.4.5 Measurement of Dose to Mouse Skin from a Sr-90/Y-90 Source -
A.R. Jones and A. Ohno

In connection with an experiment of the Radiation Biology Branch on the
beta irradiation of mouse skin, two irradiation arrangements have been used to
deliver a wide range of doses in convenient periods. In the first the source is in
contact with the skin. In the second, a constant distance between the source and
the mouse is maintained by placing the mouse on an acrylic sheet (0.8 mm thick) at
a fixed height above the source. The basic procedure for dose measurements was the
same. A teflon holder containing stacks of thin (-30 mg/cm^), sensitized (to
obtain the required linearity) TLD's, made from LiF powder in a teflon matrix, was
exposed to the irradiation source and to a standard Sr-90/Y-90 source of known
output. In each case the surface dose was calculated by extrapolating the readings
to zero thickness.
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J:.4.6 Measurements of the Characteristics of a Pm-147 Beta Ray Source -
A.R. Jones and A. Ohno

Under contract to Ballistech Inc., a large (4 x 10^0) pm-147 source
was studied from the viewpoints of spectral purity and safety. To demonstrate that
the source was not contaminated with other radioactivities, the photon spectrum was
measured at a distance greater than the maximum range of the beta particles. The
resulting spectrum was consistent with the expected bremsstrahlung plus a small
contribution from fluorescence X-rays. These photons did not represent a serious
health hazard, although the direct beta-ray beam, which (for reasons of its
application) could not be guarded, obviously did.

2.5 TRITIUM MONITORING

2.5.1 Modification to Scintrex 209 Tritium-in-air Monitor to provide HTO
Response Suppression - M.J. Wood and R.G.C. McElroy
(Funded in part by CFFTP)

A report describing the drying cartridge attachment designed and
evaluated for use with the Scintrex 209 portable tritium-in-air monitor has been
prepared and forwarded to CFFTP. The modification would allow for quick
discrimination of HT and HTO in the workplace.

A sample drying cartridge has been shipped to Ontario Hydro for their
evaluation. Another drying cartridge has been loaned to CRNL's Chemical
Engineering branch for their evaluation.

2.5.2 Wetproofed Catalyst Bubbler System - M.J. Wood and R.G.C. McElroy
(Funded in part by CFFTP)

A two stage bubbler system has been built to determine separately HTO and
HT concentrations in air. This project was undertaken to demonstrate the utility
of the CRNL-developed wetproofed catalyst in this application. The sampling system
was primarily designed for use as a stack sampler. Its first application is likely
to be in the CRNL tritium extraction plant.

The system consists of a pair of collection bubblers, a reactor/oxidizer
column, a second set of collection bubblers, a flow meter and a sampling pump. The
reactor column used in this system is filled with CRNL-proprietary wetproofed
catalyst obtained from CRNL's Chemical Engineering branch. Since the wetproofed
catalyst should not be affected by the wet air flow out of the first set of
bubblers, a very simple sampling system is possible.

Laboratory testing of this system has been completed. HT to HTO
conversion efficiency experiments were performed at flow rates up to 2 L/min over
the temperature range of 14° to 40°C. Over this range, the catalyst exhibited
greater than 90% conversion efficiency for flow rates less than 1.2 L/min. It was
noted that if the catalyst was heated either directly or by a hydrogen carrier
flow, the catalyst's efficiency could be increased. However, the provision of
external heating, or the use of hydrogen carrier gas was in contradiction to the
design philosophy of a simple sampling system.
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Experiments have also been performed to determine the water hold-up of
the catalyst column, and the associated time constant. The catalyst appears to
retain a few grams of water for dew points in the temperature range 10° to 20°C.
At a flow rate of 1 L/min the system's time constant is of the order of 1 hour and
is essentially a function of the exchange of water vapour in the reactor.

Initial field tests have been completed but further tests are necessary.
It appears that HTO hold up in the reactor is significant. This is not a serious
problem for applications such as stack monitoring but could be a problem for area
monitoring.

2.5.3 Modulated-Flow Tritium-in-air Monitor -
R.G.C. McElroy, M.J. Wood, B.A. MacDonald and R.A. Surette
(Funded in part by CFFTP)

The long overdue mass flow controller (PR-HS-20) arrived, allowing work
to continue on the main chassis. The bulk of the hardware has been completed on
this instrument. However, as outside funding is no longer available, effort is
being diverted to other projects. While we still believe this to be a useful
technique for monitoring tritium-in-air in some situations, we are temporarily
suspending work on this monitor.

2.5.4 Tritium Liquid Effluent Monitor Review - R.A. Surette and R.G.C. McElroy

A review of tritium-in-water monitors was performed in order to establish
the need and the direction of further development in this field. It was argued
that the main problem with presently available real time tritium-in-water monitors
is imperfect sample delivery. Most liquid and solid detectors are adequately
sensitive for real time monitoring applications. Although other techniques for
detecting tritium-in-water are possible they all suffer from the same sample
delivery problems.

There are various options for possible improvements. Most of these are
the application of good engineering practice to a well defined problem. Several
new liquid filtration techniques seem to offer some promise in cleaning the sample
stream before introduction to the detection cell. These include semi-permeable
membranes and cross-flow filters.

2.5.5 Tritium Safe Handling Course -

J.R. Johnson, G.H. Kramer, R.G.C. McElroy, R.A. Surette, and M.J. Wood in
collaboration with other branches. (Funded by CFFTP)

Various members of the branch contributed to the recent CFFTP-sponsored
tritium safe handling course. Branch personnel contributed to a lecture on the
biological hazards and dosimetry of tritium, a lecture on tritium monitoring and
laboratory sessions on tritium dosimetry and tritium monitoring.
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2.6 STACK EFFLUENT MONITOR

2.6.1 Filter Change System - R.A. Surette, R.M. Holford and R.G.C. McElroy

The repaired Sonotek processor/controller was received back from the
manufacturer and after successful preliminary testing in the laboratory, was
connected to the stack effluent monitor in Building 109. No major fault has been
found with this unit. The electronics associated with the iodine and particulate
detectors were adjusted. The plumbing for the sample delivery was leak tested.
Bromine, used to enhance the collection of methyl iodides, was introduced to the
sample delivery system. A second video terminal (i.e. in addition to the one
installed in Building 513) was installed in the NRU control room.

A few mechanical failures have been repaired. Two electronic faults, one
of which can be attributed to the installation of shielding, have been corrected.
Most of these failures were due to parts failure and not to design flaws. A design
for the subsidiary shielding has been completed and the installation of the
supports begun. The entire stack monitoring system is now operating but testing is
still underway. Normal commissioning of the system is scheduled for the fall, with
turn-over to NRU by the end of the year. Data on the iodine and particulate
releases is being gathered for comparison with the releases measured by the R&IS
Branch.

2.6.2 Noble Gas Detector - A.R. Jones and A. Ohno

Tests on the noble gas detector continue. An intermittent failure has
been found to be due to a solid state relay which failed because its load - a
solenoid valve - was too small. New solid state relays of lower current rating
have been ordered to replace the old one.

2.7 RADIATION INSTRUMENT DEVELOPMENT

2.7.1 Sealer Rate Meter AEP-5341 - A.R. Jones and A. Ohno

The engineering prototype has been tested in the laboratory prior to
field testing.

2.7.2 Detector for C-14 and H-3 on Surfaces - R.A. Surette, L.J. Bonnell,
R.G.C. McElroy and A.R. Jones

At present it is difficult to measure low-energy beta emitters on
surfaces, in particular C-14 and H-3. The use of open-window, multi-wire counters
is a possible approach. We have begun a study to assess the utility of these
devices for this type of measurement.

An arrangement for assembling gas proportional counters with various
geometries (wire spacing, active volume, wire size and anode-cathode distance) has
been constructed. The first counter tested was a single-wire device. The current
vs. voltage characteristics were measured. The data obtained were for both P-10
gas (10% methane in argon) and air. The curves show that the operating voltage for
air is appoximately double that for P-10 gas. The useful operating range is
shorter and the slope of the proportional region is steeper with air than with P-10
gas.
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Multi-wire proportional counters with various wire spacings have been
constructed. Preliminary tests indicate that these are very sensitive to
microphonics, which has prevented the observation of any spectra. However, we have
observed, but not separated, the K X-rays of Mn (from Fe-55 decay) with a single
wire open-window counter with flowing P-10. While good energy resolution is not a
prerequisite for these devices, it is a useful indicator of counter quality. We
are pursuing various solutions to the microphonics problem, including electronic
solutions.

2.7.3 1-125 Area Monitor - R.M. Holford

The prototype of this instrument has now been completed and is being
de-bugged, tested and evaluated. The operating principle depends on comparing the
counting rates of a potential source of 1-125 (a charcoal-loaded filter paper) when
viewed by an X-ray detector through two different K-edge filters, one of indium and
the other of cadmium. These filters are mounted on a light plastic disc, together
with a standard check-source. A stepping motor is used to rotate the disc, in
order to exchange the filters, at intervals determined by the controlling
microprocessor program. Correct operation of this mechanism is ensured by a
photoelectric position indicator which provides a signal to the microprocessor when
the disc is in the standard source position.

The worst problems encountered in achieving proper operation were
connected with this sub-assembly. One problem was that the disc plus stepping
motor proved to be an under-damped system with a long settling time. Attempts to
increase the damping factor by adding a controlled amount of friction were
unsuccessful. The problem was eventually solved by changing the order of
operations within the control progrm so that the standard source is now counted
(for I s ) before the position indicator is checked. Another problem was the
difficulty of fabricating a 20-cm diameter disc from 1.25-mm plastic sheet
(phenolic laminate) with acceptable flatness. It was also difficult to mount the
disc so that it moved freely within the allotted space. Metals had to be avoided
because of their absorption of the low-energy X-rays. The prototype instrument is
now working reliably most of the time although a few problems need attention.
1-125 is being obtained for its calibration.

2.7.4 Passive Radon Daughter Personal Dosimeter Survey - R.G.C. McElroy and
J.R. Johnson (Funded by the AECB)

Last year we undertook a review of the potential of passive radon
daughter personal dosimeters. We have now completed this review and submitted our
report. The purpose of the review was to evaluate these dosimeters with respect to
their accuracy and precision of working level measurements, their reliability in a
mine environment and their cost, comfort and acceptance by workers.

The first part of this task was a review of the literature from 1975 to
the present. We consulted well over 100 papers, articles and reports. These
papers were concerned with passive radon daughter dosimeters and related fields,
including active dosimeters, TLD's, tract detectors, electrets, aerosols, etc. The
literature review was followed by visits to Elliot Lake and Toronto to visit a
uranium mine and to discuss these dosimeters with the scientists and manufacturers
developing and testing them. In addition, we corresponded with experts in the USA
and the UK. The review was completed on time and within budget.
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We reached the following conclusions:

Passive dosimeters for measuring radon gas are available and reliable.
There does not presently exist an acceptable passive dosimeter for radon
daughters. There is little, if any, hope for the development of such a device
in the forseeable future.
We are pessimistic about the potential of "semi-passive" dosimeters but are
less firm about stating categorically that these devices cannot be developed
into a useful radon daughter detector. ("Passive" dosimeters are those
without a mechanical pump: semi-passive dosimeters lack a mechanical pump but
try to duplicate its function in some other way - electrostatic collection,
for example.)

2.7.5 Doorway Monitor - A.R. Jones, W.F. Richter and R.M. Holford

Software design is in progress.

2.8 RADIOCHEMICAL ANALYSES

2.8.1 Neptunium in Urine - G.H. Kramer

Preliminary results on the separation and estimation of Np in urine
yielded no useful information because of inability to maintain Np-237 in the
desired oxidation state. This project has been halted because of lack of staff.

2.8.2 Gross Beta and Gross Alpha Analysis on a Single Urine Sample -
G.H. Kramer

The current method, now discontinued due to poor recovery of alpha-
emitting radionuclides, was to perform a standard gross beta analysis on the sample
and, after counting the calcium oxalate precipitate, combine it with the
supernatant and continue with the standard gross alpha method. The excess oxalate
is believed to be responsible for the poor recoveries. An attempt to remove the
oxalate interference by ponverting the oxalate to perchlorate was unsuccessful.

In another approach, we investigated the efficiency of calcium oxalate as
a scavenger for the actinides and then analyzed the oxalate alone. Preliminary
results indicated that the actinides could be recovered via a cerium hydroxide
coprecipitation in the presence of EDTA. This work has been suspended due to lack
of staff.

2.9 METABOLIC STUDIES

2.9.1 Metal Ion-Amino Acid Studies - G.H. Kramer
2.9.1.1 The Uranyl Alanine Reaction

Equipment difficulties and a staff shortage caused this project to be
temporarily suspended. It will now be abandoned in favour of the uranyl histidine
reaction.
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2.9.1.2 The Uranyl Glycine Reaction

The experimental part of this project was completed some time age (see
PR-HS-19); however the interpretation of the data has proved to be extremely
difficult. All hypothesized models fail when analyzed by programs such as MINIQUAD
so a new approach has been taken to attempt to elucidate the mechanics of the
reaction. (It is of interest that no published work on this system makes any
reference to the degree of hydrolysis of the uranyl ion.) A computer program
(SYNBAR) has been substantially rewritten so that a hypothetical set of stability
constants can be used to predict NBAR (average number of ligands bound to the
central metal ion) curves. It is intended to try to match the observed results by
finding a model set of constants that predict similar results.

2.9.2 Carbon-14 Particulates in the Rat Lung - G.H. Kramer

Previous experiments with Au-198 particulates (PR-HS-20) demonstrated
that the lung instillation technique has improved to the point where 80% of the
rats showed good retention of particulates in the lung. The present experiment was
performed using Ce-141 as a gamma-emitting tracer. It was prepared by irradiation
of 5 mg of finely powdered cesium oxide. About 10 yCi of C-14 particulates (about
0.4 \im in diameter) were collected by Ontario Hydro by means of an Anderson
Impactor. These were removed from the impactor and suspended in 12 mL of saline
solution and the activated cerium was added to the suspension. After vortexing and
allowing the larger particles to settle, the supernatant was decanted. This
suspension (10 mL) was used for the experiment.

Fourteen rats were instilled with the dual-labelled suspension and then
transferred to metabolic cages. Excreta and whole rat measurements showed that 9
rats exhibited good retention of activity. Initially the rats were sampled for
excreta on a weekly basis but this was extended to bimonthly as it became evident
that the clearance of C-14 and Ce-141 was slow. The estimated biological half-life
is approximately 200 days. The ratios of C-14 to Ce-141 found in the feces appear
to change with time, implying that the clearance rates of these radionuclides is
not the same. This is not surprising since the particle sizes of the two
radionuclides is almost certainly quite different. The work is continuing.

2.9.3 Combustion Bomb Efficiency for Organic Compounds - G.H. Kramer

The efficiency of combustion in an oxygen bomb has been investigated.
Experiments with pre-weighed amounts of benzole acid, sodium EDTA and cellulose
indicated that sample combustion was not complete. Analysis of the combustion
gases (by the General Chemistry Branch) showed that the major carbon compound was
CO2 with with minor contributions from CO, but did not indicate where losses in
the carbon recovery were occurring. Further combustions of benzole acid were
conducted and after the gases had been vented the inside of the bomb was rinsed
with distilled water. The UV-visible spectrum of the rinse showed substantial
amounts of benzole acid, leading to the conclusion that some of the solid is
vapourized prior to burning. These losses in carbon recovery amount to as ouch as
15% for benzoic acid, 25% for sodium EDTA and about 10% for cellulose.
Unfortunately we have not been able to establish the efficiency of combustion for
feces samples.

To measure total activity of C-14 in fecal samples complete recovery of
carbon is essential. The above tests indicate that total recovery is not being
achieved. This work is undertaken because of a contract with Ontario Hydro.
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2.10 EMPLOYEE MONITORING PROGRAM

2.10.1 Distribution of Tritium Exposure at CRNL - G.H. Kramer

See Tables 2.10.1.1 and 2.10.1.2.

2.10.2 Body Radiation Doses - C. Thibeau and R.G. Gallagher

Since the last report (PR-HS-20) there have been no whole-body radiation
doses exceeding the 600-mrem two-weekly administrative control limit, no skin doses
exceeding the 1600-mrem two-weekly administrative control limit, and no extremity
doses exceeding the 4-rem two-weekly administrative control limit.

Distributions of radiation doses in the fourteen-week period ending 1986
June 27 and in the calendar year to this date are given in Tables 2.10.2.1 to
2.10.2.4.

2.10.3 Extremity Doses - C. Thibeau and R.G. Gallagher

In the fourteen-week period ending 1986 June 27 and in the calendar year
to this date the following distribution of extremity doses were measured by
finger-tip TLD's.

DOSE RANGE
(rem)

less than 1.00
1.00 - 1.99
2.00 - 2.99
3.00 - 3.99
4.00 - 4.99
5.00 - 5.99
6.00 - 6.99
7.00 - 7.99
8.00 - 8.99
9.00 - 9.99
Greater than 9.99

CRNL
Fourteen
Weeks

101
14
5
3
0
1
0
0
0
0
0

Calendar
Year

118
28
12
8
2
2
0
0
0
0
0

Radiochemical
Fourteen
Weeks

28
9
8
1
1
1
0
0
0
0
0

Company
Calendar
Year

26
5
7
7
5
0
2
0
1
0
2

2.10.4 Bioassay Laboratory - G.H. Kramer
2.10.4.1 Personal Air Samplers

The procedures reported previously (PR-HS-20) have been modified and the
following action levels replace the levels mentioned earlier:

Removal
Caution
Minor

100 DAC-h
50 DAC-h
10 DAC-h

Alpha spectrometry and the determination of the number of radioactive particles on
the filter is only performed if the result is now greater than 10 DAC-h (previously
this was 5 DAC-h).



Table 2.10.1.1

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1986 January 01 - March 31

ARD
CO
CP
EIP
MS
MSC
NRU
NRX
RES
RIS
WEP

TOTALS

X of Persons

0-49
mrem

7
21
3
32
34
7
38
23
3
43
0

211

65.3

50-99
mrem

0
5
0
6
13
0
33
0
0
6
0

63

19.5

100-199
mrem

0
4
0
0
3
0
26
1
0
8
0

42

13.0

NUMBER

200-299
mrem

0
3
0
0
0
0
1
1
0
0
0

5

1.5

OF TESTED

300-399
mrem

0
2
0
0
0
0
0
0
0
0
0

2

0.6

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
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

7
35
3
38
50
7
98
25
3
57
0

323

100

Total
mrem

6
2659

1
1095
2017
11

7051
496
0

2144
0

15480

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.

I
I—"



Table 2.10.1.2

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1986 April 01 - June 30

PRC1
PRC2
PRC3
PRC4
CO
NRU
NRX
RIS
EIP
MS
WEP
SSSC
RCC
WNRE

TOTALS

% of Persons

0-49
mrem

25
1
3
3
20
36
12
27
26
39
1
5
2
0

200

60.2

50-99
mrem

0
0
0
0
5
46
1
8
9
14
0
0
0
0

83

25.0

100-199
mrem

0
0
0
0
6
27
0
7
3
3
0
0
0
0

46

13.9

NUMBER

200-299
mrem

0
0
0
0
1
0
0
1
0
1
0
0
0
0

3

0.9

OF TESTED

300-399
mrem

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0.0

PERSONS IN

400-499
mrem

0
0
0
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
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

0

0.0

3-5
rem

0
0
0
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

0

0.0

Tested
Persons

25
1
3
3
32
109
13
43
38
57
1
5
2
0

332

100

Total
mrem

79
0
2
8

1666
7785
129
2082
1503
2256

1
11
0
0

15522

MOTES 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.

(4) SSSC does not include branches listed separately.
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Table 2.10.2.1

CRNL - Whole Body Doses

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks
No. of
monitored
persons

582
2170
76
13
4
0
0
0

58 mrem

73 mrem

Total
Dose
(rem)

0
92.92
51.17
15.30
6.48
0
0
0

Calendar Year
No. of
monitored
persons

476
2173
112
52
20
10
2
0

107 mrem

129 mrem

Total
Dose
(rem)

0
100.46
81.65
62.77
33.76
21.29
5.08
0

Table 2.10.2.2

Radiochemlcal Company* - Whole Body Doses

DOSE RANGE
(rem)

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks
.No. of
monitored
persons

209
298
2
0
0

Total
Dose
(rem)

0
13.75
1.41
0
0

30 mrem

51 mrem

Calendar Year
No. of

monitored
persons

185
320
3
1
0

Total
Dose
(rem)

0
23.90
2.25
1.41
0

54 mrem

85 mrem

* Including Medical Products
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Table 2.10.2.3

CRNL - Skin Doses

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

1
Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks
No. of
monitored
persons

582

Total
Dose
(rem)

0
2147 ! 93.31
91 62.09
17 20.16
6 ! 9.93
2
0
0
0

4.40
0
0
0

67 mrem

84 mrem

Calendar
No. of
monitored
persons

476
2149
123
58
19
10
8
2
0

Year
Total
Dose
(rem)

0
99.62
89.68
70.68
33.04
22.35
20.92
6.04
0

120 mrem

145 mrem

Table 2.10.2.4

Radiochemical Company - Skin Doses

DOSE RANGE
(rem)

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks
No. of
monitored
persons

209
298
2
0
0

Total
Dose
(rem)

0
14.11
1.35
0
0

30 mrem

52 mrem

Calendar Year
No. of

monitored
persons

185
315
7
2
0

Total
Dose
(rem)

0
22.49
4.28
2.39
0

57 mrem

90 mrem
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2.10.A.2 Quality Assurance

The quality control (QC) program has shown that the bioassay laboratory
equipment is working satisfactorily and that the methods are performing as
expected. A series of QC failures early in the year for the gross alpha method was
found to be due to a reagent. A new preparation of this reagent solved the problem
and the method has been performing satisfactorily since.

New procedure manuals have been written to describe in detail the correct
methods of performing the tests or the optimum manner of operating the equipment.
These documents are known as Dosimetric Research Branch Technical Documents (DRTD)
- current titles are shown in Section 2.11. They apply also the In Vivo Counting
Facility.

2.10.4.3 Sample Scheduling

Computer listings of branch personnel have been sent to the branch
managers requesting that they supply their needs for bioassay testing and in vivo
monitoring for their staff. The responses (not yet complete) have been entered
into the scheduling files of the database and we are requesting samples based on
this information.

2.10.4.4 Database Expansion

As reported in PS-HS-20, the database has been expanded to encompass both
bioassay data and personnel radiation data into one database. It was found
necessary to expand the previously reported number of files from six to seven. The
database has also been expanded to encompass Personal Air Sampler results and
reporting. Testing of the complete system is underway.

2.10.5 Commercialization of Bioassay Services - G.H. Kramer

The commercial brochure mentioned previously (PR-HS-20) has been
completed although the prices for the services have not yet been completely
established. The mailing list database now holds 296 possible customers and it is
anticipated that the first mailing of the brochure will be in early July 1986.

2.10.6 Calibration of a Hyperpure Germanium Detector - G.H. Kramer

The counting efficiency of a hyperpure germanium detector has been
established as a function of distance and energy, using a variety of sources
prepared by the Neutron and Solid State Physics Branch, CRNL. The detector has
been used for identifying radionuclides in urine samples that showed activity when
counted on the routine (Nal) gamma spectrometry system in the Bioassay Laboratory.

2.10.7 Intercomparison Studies - G.H. Kramer

The bioassay laboratory has participated in the tritium intercomparison
study organized by Health and Welfare, Canada. Out of 15 laboratories that
participated in this study, the bioassay laboratory was classed as excellent and
ranked fifth.
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2.10.8 In-Vivo Monitoring Facility - G.H. Kramer

Continual malfunction of the Canberra S-40 multi-channel analyzer has
necessitated its off-site repair. In the interim, the data acquisition system of
the facility is centered around a Canberra S-80 analyzer. This was interfaced to
the microcomputer with the help of N. Keller (Fuel Engineering Branch) and
appropriate changes were made in the software. This temporary system cannot
collect multiple spectra simultaneously, so operation of the facility will be less
efficient than in the past.

2.10.8.1 Quality Assurance

Control charts have been established to track the daily calibrations of
all the counters (whole body counter, lung counter and thyroid counter). They are
used to monitor the daily fluctuations in the calibration factors and in the peak
areas of the standards used.

2.10.8.2 Software Development

The software package for the in vivo facility has been substantially
revised and extended. The present system allows the operator to calibrate easily
any of the routinely-used counters (whole body, lung and thyroid). Calibration
data are stored on a daily disc so that a spectrum may be analyzed at a future date
(with one month). The PLOT/ANALYSE section now expresses channel numbers in terms
of energy. Stripped spectra can be stored for further possible manipulation. Plot
options and hence array sizes have been reduced. All these changes allow faster,
more efficient analysis. Work has begun on revitalizing the mainframe analysis
routines, used to interpret paper tapes and analyze data from the whole body
counter or lung counter.

2.10.8.3 Commercial Work

The in-vivo facility was used for 8 lung counts and 2 whole body counts
that resulted in commercial revenue. A contract has been obtained to calibrate the
phoswich counter to measure bremsstrahlung from C-14 in the lung, liver, kidney,
testes and thigh. Results for the 20-50 keV region are as follows (in cps/yCi):
lung, 0.28; liver, 0.292; kidney, 0.905; testes, 0.914, thigh, 0.106.

2.10.8.4 Intercomparison Studies

The facility was used to calibrate phoswich detectors for C-14 in the
lung, using distributed sources prepared by National Health and Welfare, Canada,
which also supplied the phantom. Good agreement was obtained between these results
and those of the previous section.

2.10.8.5 Calibration of Phoswich Detectors for Fecal Samples

The phoswich detectors have been calibrated for the measurement of
plutonium and americium in feces, using a solution containing similar amounts of
inorganic compounds to those of feces, and which was congealed by the use of agar.
Several types of solid gels were prepared: salt-containing, no salt,
salt-containing and spiked with Am-241, no salt and spiked with Am-241.
Preliminary measurements of the 17 and 60-keV lines show that the counting
efficiency depends on the salt composition and size of the solid gel and on the
distribution of activity (i.e., heterogeneous or homogeneous). This work is
continuing.
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2.11 PUBLISHED PAPERS, REPORTS AND FORMAL PRESENTATIONS

2.11.1 Reports

Brunette, J.D. and Kramer, G.H. - In Vivo Facility Procedure Manual # 1:
The Whole Body Counter. DRTD-86-10.

Cross, W.G. and Arneja, A. - Neutron Dosimetry for Oil Well Logging
Operations: An Intercomparison of NTA and CR-39 Dosimeters. A report
prepared for the AECB, 1986.

Cross, W.G. and Arneja, A. - Control of Tritium Hazards from a T-D 14-MeV
Neutron Generator. A report prepared for the CFFTP, 1986.

Johnson, J.R. and Kramer, G.H. - Calibration of the CRNL Phoswich System
for the In Vivo Determination of C-14. A report prepared for Ontario
Hydro, May 1986.

Kramer, G.H. - Gamma Spectrometer Software User's Guide and Reference
Manua1. DRTD-8 6-7.

Kramer, G.H. - FINROD - User's Guide and Reference Manual. DRTD-86-4.

Kramer, G.H. - In Vivo Facility Procedure Manual # 2: Software Package
for the In Vivo Facility (SPIV). DRTD-86-2.

McElroy, R.G.C. and Johnson, J.R. - Passive Radon Daughter Dosimeters. A
report prepared for the AECB, 1986.

Surette, R.A. and McElroy, R.G.C. - A Review of Tritium-in-Water
Monitors. CRNL-4054 (in process).

Wood, M.J. and McElroy, R.G.C. - Some Design Considerations for
Electrometers with Femtoampere Sensitivity. CRNL-2947.

Wood, M.J. and McElroy, R.G.C. - An Adapter to Suppress the Response of a
Scintrex 209 Tritium Monitor to Tritium Oxide. CRNL-4014,
CFFTP-P-86005.

2.11.2 Formal Presentations

Johnson, J.R., Myers, D.K. and Gragtmans, N.J. - "An Experiment Designed
to Measure the RBE of Tritium for the Induction of Myeloid Leukemia in
Animals", Presented by J.R. Johnson at the Workshop on Health and and
Environmental Risks of Tritium, Karlsruhe, 1986 February 17-19.

Johnson, J.R. - "An Update on the Work of the ICRP Task Group on Lung
Models", Presented at the 7th Annual Meeting of the Canadian Radiation
Protection Association, Quebec City, 1986 May 05-07.

Johnson, J.R., Peterman, B.F. and Maggs, S.C.E. - "A Preliminary Study of
the Uptake and Distribution of Tritium in Rats Following Contact with
T2 Contaminated Surfaces", Presented by J.R. Johnson at the 7th Annual
Meeting of the Canadian Radiation Protection Association, Quebec City,
1986 May 05-07.
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2.11.2 Formal Presentations (Continued)

Jones, A.R. - "Some Unsolved Practical Problems in 3-Dosimetry",
Presented at the 7th Annual Meeting of the Canadian Radiation Protection
Association, Quebec City, 1986 May 05-07.

Kramer, G.H. - "Tritium Dosimetry: A Practical Session", a lecture
delivered at the CFFTP sponsored Tritium Safe Handling Course, Chalk
River, May 1986.

McElroy, R.G.C. - "Tritium Monitoring", a lecture delivered at the CFFTP
sponsored Tritium Safe Handling Course, Chalk River, May 1986.
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3. ENVIRONMENTAL RESEARCH BRANCH

by

R.V. Osborne

3.1 STAFF

3.2 INTRODUCTION

3.3 ENVIRONMENTAL PROCESSES

3.3.1 ATMOSPHERIC PROCESSES

- Atmospheric Dispersion
- Heated Plume Studies
- Oxidation of Airborne Tritiated Hydrogen

3.3.2 DRAINAGE BASIN STUDIES
- Introduction
- Inputs to Forested Watersheds
- Groundwater Studies
- Role of Surface Saturated Areas in Streamflow Generation

3.3.3 FLOW AND CONTAMINANT TRANSPORT IN GROUNDWATER
- Groundwater Systems Analysis
- Groundwater Contamination at the Nitrate Disposal Pit Site
- Numerical Simulation of the Tracer Test Plume
- Model Validation and Estimation of Parameters
- Lake 233 Field Column Desorption Experiment
- Vertical Connectivity and Determination of Retardation
Factors for Iodine and Technetium in Shallow Boreholes

- Studies of Solute Transport through Discharge Zones
- Microbial Mediation of Radionuclide Transport

3.3.4 LAKE AND RIVER PROCESSES
- Mixing Processes in Lakes
- Nuclide Mass Balances
- Behaviour of Radiotracers in Lake Water-Sediment Systems

3.3.5 BIOLOGICAL PROCESSES
- Trace Metal Bioaccumulation
- Stable Cobalt in Different Fish Species

- Rooting Depth of Trees

3.4 ENVIRONMENTAL ASSESSMENT - CRITERIA, TECHNIQUES AND IMPLEMENTATION

3.4.1 INTRODUCTION

3.4.2 ENVIRONMENTAL DISPERSION MODELLING

- Critical Group Calculation
- General Purpose Biosphere Compartment Model
- Tritium Dispersion Around CRNL
- NRC Model Codes Validity Study
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3.4.3 ASSESSMENT CRITERIA AND STANDARDS

3.4.4 FIELD STUDIES
- Assessment of the Proposed SLB-P1 Site
- Streamflow Measurements for SLB-P1 Assessments
- Ground Probing Radar Survey of the Lower Perch Lake Basin
- Paleohydrological Inferences from Fracture Calcite Analyses
- Iodine and Uranium in Peats
- Determination of Specific Flux from Lake 233 to the Aquifer
Beneath C-Disposal Area

- Development of Sediment-Drag Techniques for Locating
Groundwater Discharge and Contaminant Zones in Lake and
Riverbeds

- Cigar Lake Study of Natural Analogues
- The Relevance of Nipigon Mineral Springs to the NFWMP

3.5 ANALYSIS AND MONITORING

3.5.1 INTRODUCTION

3.5.2 INSTRUMENTS AND METHODS
- Development of Software in Support of the Nuclear Data 6700
Data Acquisition System

- Development of Radiochemical Methods
- Electronic Instrumentation
- Calibrations of a Rapid Technique for the Determination of
"^Rn and "^ Ra in Natural Waters

- Atmospheric HT Measurement
- Analytical Quality Assurance
- The Influence of Organic Acids on the Determination of Anions
by Ion Chromatography

- Hydrologic Data at Perch Lake

3.5.3 SITE MONITORING
- Gamma Exposure Rates in Public Areas near CRNL
- Gamma Exposure Rates at CRNL
- Radionuclides in Precipitation and the Ottawa River
- Radionuclides in Liquid Effluents
- Radionuclides in Surface Water
- Determination of Iodine 131 & 125 in Milk
- NRU Heat Recovery Program
- Phosphorus-32 Production in NRX Coolant Water
- Ar in the CRNL Stack Effluent Argon
- Monitoring of Fallout from the Chernobyl Reactor Accident
- Reactor 3H and 14C Deposition within a 40 km Range of CRNL
- CRNL Climatological Report
- Meteorological Monitoring for Atmospheric Dispersion Studies
- CRNL Management of Non-Radioactive Wastes
- Port Hope Contaminated Soils

3.5.4 MONITORING IN ASSOCIATION WITH OUTSIDE AGENCIES
- Canadian Air and Precipitation Monitoring Network (CAPMON)
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3.5.5 COMMERCIAL APPLICATIONS
- As and Ni Geochemistry in Lake Sediments
- Lead-210 Radiochemical Analyses
- Movement of Ra and Ba through Shield Lake Systems
- Tritium Safe Handling Course
- Subsurface Uranium and Arsenic Migration in the Town of
Port Hope

- Transfer of Radiotracer Technology
- Development of Radiotracer Technology
- Nuclear Instrumentation for Radiotracer Studies

3.6 PUBLISHED PAPERS, REPORTS, PRESENTED PAPERS, INFORMAL TALKS
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3.1 STAFF

Branch Head - R.V. Osborne

Secretarial Staff -

Professional Staff

E.O.
E.

M.S.

Sauk
Chatarpaul
Wood2

1

P.J.
R.M.
D.R.
E.L.
R.J.
R.W.

Barry
Brown
Champ
Cooper
Cornett

D. Killey

Technical Staff

W.J.
P.C.
F.C.
L.A.
I.H.
A.E.
S-R.
W.M.
P.C.

Beattie
Beaulieu
Brown
Chant

K. Cheung3

Docherty
Gentner
Hartwick1*
Jay

Attached Univers

K.J.
E.

A.G.
S.

J.M.
D.

R.J.
V.
M.
V.
B.

Inch
LeDrew
Price
Uchida

Buttle
Gupta
Watters
Norwood
Diamond
Sloan
Ahier

D.R. Lee
J.W. McMahon
G.M. Milton (PDF)
G.L. Moltyaner

E. Robertson

J.M.
F.

J.H.
B.A.
S.J.
D.P.
W.J.
J.L.

Judd
Mattie
Munch
Risto
Welch
Wildsmith
Workman
Young

Environment Canada, terminated 86 04 15
Waterloo, terminated 86 06 30
Toronto
National Institute of Radiological Sciences
(from 85 10 07)
Toronto
Toronto (from 86 01 15)
Toronto
Toronto (from 86 06 17)
Toronto (from 86 05 26)
Trent (from 86 05 21)
Toronto (from 86 06 22)

1 Terminated 86 04 17
2 Transferred from Public Affairs Branch 86 06 09
3 Transferred from Engineering Research Branch 86 01 15
'* Transferred from Solid State Science Branch 86 01 27
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Students

L.G. Chabot
F. Marcantonio

K.A. Pflug
D.A. Palmer
Y.M. Haas
J.L. Towne r
I.D. Notley
J.M. Poisson

National
National
National
Local
Local
Local
Local
Co-op

Laurentian (from 86 04 28)
Carleton (from 86 05 12)
Carleton (from 86 05 12)
Guelph (from 86 05 05)
Queen's (from 86 05 06)
Mackenzie H.S. (from 86 06
McMaster (from 86 05 20)
Waterloo (from 86 04 21)

02)
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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, Environmental Assessment, and Analysis and
Monitoring. There is considerable interdependence between projects in the
different sections, particularly between the fundamental studies in the first
section and the applied projects in the second, and between both of these and the
analytical and instrumental work described in the last section.

In the Environmental Processes section, the emphasis is on
investigations of the fundamental nature of environmental processes particularly
those controlling the movements of air, water, and dissolved and particulate
materials in the environment.

In the Environmental Assessment section the research described is
directly related to estimating or predicting the potential doses to human
populations from past, present and projected sources either by the development
and use of models or by monitoring the actual distributions of radionuclides that
are already dispersed in the environment. Such work provides the basis for
advice and assistance in defining strategies for the management and disposal of
all radioactive wastes. 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 of radionuclides in the environment; 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, as are the activities of
the Branch in other monitoring programs and in commercial exploitation of the use
of radioactive sources and related technologies in industry, research and
resource development.

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

3.3.1 ATMOSPHERIC PROCESSES

Atmospheric Dispersion - P.J. Barry, E. Robertson, F.C. Brown

Dispersion parameters used in Gaussian plume models can be measured
directly as wind direction fluctuations or inferred from wind speed and/or
vertical temperature gradient observations. Wind speed and directions and
temperature gradient measurement from the Perch Lake tower have been used to
check the correlation between the methods. The averages and standard deviations
of the 10-second values were completed for 3, 10, and 20 minute averaging
periods. It was found that although the average standard deviation of the wind
direction (cry) decreased linearly with increasing temperature gradient (i.e.
increasing stability) the coefficient of variation (CV * standard
deviation/mean) of og at a given temperature gradient ranged from 0.4 - 0.8
for an averaging time of 3 minutes. The <JQ increases with averaging time and
CV does not decrease.

The Pasquill weather class for each averaging period was determined
from the wind speed and temperature gradient. It was found that although the
frequency distributions of jg observed in each weather class tend to peak at
values that decreased with increasing stability, the peaks are not sharp and the
distributions are very broad.

Although the data set available for this study was limited by technical
difficulties, results generally conform with Gaussian plume model assumptions.
They do however illustrate some sources of the difficulty in short term
atmospheric dispersion estimates that use standard dispersion parameters and
demonstrate the need for site specific diffusion tests with direct measurement
of wind fluctuations.

Analysis of argon-41 concentration data collected at 6 minute intervals
from 1970 - 1976 is continuing although the associated wind and temperature data
are rather inadequate..

Heated Plume Studies - W.N. Selander (Math and Computation Branch)

The model for lateral growth of the plume has been revised to include
atmospheric dispersion as the dominant effect. For a point source, this leads
to a Gaussian temperature profile in the lateral direction. It has been found
that, beyond a certain distance downwind, a circle or line source generates an
"equivalent" Gaussian profile whose parameters can be related to those of a
point source, to a very good approximation. Preliminary fits of a few profiles
show that the expected atmospheric parameters are obtained. A program has been
written, and is being debugged, to fit all observed profiles.

The small-scale water flume work is complete and the final report has
been reviewed in detail. One significant result is that the observed plume
centrelines appear to satisfy the same correlation as that developed from the
CRNL data.
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Oxidation of Airborne Tritiated Hydrogen - R.M. Brown

Exposure chamber experiments indicate that HT (or T2) oxidation in air
is very slow and all deposition results from the diffusion of HT into soil where
it is oxidized to HTO by bacterial action. However field measurements in France
in 1973 indicated that tritium deposition from atmospheric HT was much faster
than would be expected from such laboratory experiments.

To help resolve this question, it is planned to carry out a field
experiment at the CRNL Meteorological Field in August in association with
personnel of Ontario Hydro Research Division. 200 GBq (»5 Ci) of HT will be
released over a 30 minute period during which atmospheric HT and HTO will be
collected to observe the rate of conversion of HT to HTO in the atmosphere.
Subsequently soil cores and vegetation will be analyzed to observe the dispersal
of this tritium in the environment and obtain a data base useful for testing
dispersion models.

It is expected that this study will be jointly funded by Canadian
Fusion Fuels Technology Program, Ontario Hydro and AECL.

3.3.2 DRAINAGE BASIN STUDIES

Introduction - P.J. Barry

The overall objective is to develop a model of basin drainage and
transport of chemicals that is physically deterministic but of relatively low
spatial and temporal resolution so that it is not unreasonably demanding of
computer time and memory. The model consists of four main sections:

a) Input sub-models for either snow melt in late winter and spring or summer
storms* The former will include meteorological controls on snow melt rates
and the kinetics of infiltration of rain through the snowpack. The summer
storm sub-model will include the effects of canopy interception, throughfall
and stem-flow;

b) A one-dimensional sub-model of infiltration through the unsaturated zone;
c) A two-dimensional sub-model of groundwater flow with discharge occurring

wherever the computed watertable intersects the surface, and
d) An evapo-transpiration sub-model.

The modelling is being supported by field studies of the processes involved in
the transport.

Inputs to Forested Watersheds - A.G. Price and R. Watters
(University of Toronto)

The samples collected during the summer of 1985 were analysed for Na+,
K+, NH4

+, Ca"1"1" and Mg"1 "̂ using ion chromatography. The results were erratic,
particularly for the divalent cations and for the stem-flow and lysimeter
samples. The problem is thought to be related to interference caused by the
presence of organic compounds in these samples.
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The chromatography columns deteriorated rapidly to the point where even
standard solutions In double distilled water gave erratic results when run
through. The use of ion chromatography was abandoned for these samples- By the
end of the period all the samples were analysed for Na+, K+, Câ "1" and Mg"*"1" using
Atomic Absorption spectroscopy.

A paper on the 1984 results has been written and is being reviewed
before submission to a journal.

Groundwater Studies - P.J. Barry

The network of water table observation wells continues to be extended.
The latest additions have mostly been in an elevated area about 1 km east of
Perch Lake where the water table is being held up by a line of low permeability
material, possibly bedrock. The area of about 1 hectare feeds a stream that was
thought to flow for only a few weeks during snow melt. However regular
observations this spring have revealed that the stream responds to heavy rains
throughout the spring and early summer but by the end of June when
evapotranspiration rates are high and soil moisture is depleted rapidly the
stream remains dry even after heavy summer showers. A wooden flume on this
stream installed last fall was attended regularly from the beginning of snow
melt until the end of the period. Rough estimates of the flows have been made
from these observations but by the end of June the wooden flume had been almost
completely consumed by porcupines. However, enough has been learned from these
measurements to indicate that the area has a strong potential as a site for the
study of stream flow generation. Accordingly it is planned to install a metal
flume and to provide a means of continuously recording stage height. A radio
telemetering system has been developed for this purpose. A similar system for
recording water levels will be installed on some of the observation wells so
that the short time responses of ground water elevation and stream flow can be
investigated.

All installed observation wells have now been surveyed to provide
elevations and, for many, map coordinates are also now available. Tritium
analyses of bi-weekly water samples from Perch Lake Outlet, Perch Creek Weir,
Main Stream, East Swamp Stream and No. 1 and No. 2 inlets were continued.

Role of Surface Saturated Areas in Streamflow Generation -
J.M. Buttle, V. Sloan (Trent University)

As a preliminary step to investigating the influence of the dynamic
behaviour of an elevated saturated area upon streamflow response (see Barry -
Groundwater Studies), a detailed topographic survey of this area has been
conducted. Routine mapping of the spatial extent of this area is underway.
This will be integrated with regular monitoring of surrounding water table
observation wells and streamflow discharge. A network of shallow observation
wells and crest saturation tubes is currently being installed which will permit
detailed monitoring of the saturated area's response to summer and fall storm
events. Two neutron probe access tubes have been installed near a line of wells
crossing the saturated area, permitting regular measurements of soil moisture
contents above the water table. The neutron probe is currently being field
calibrated. Determination of the physical properties of soils in the area
(e.g. grain size characteristics, porosity, bulk density) is ongoing.
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3.3.3 FLOW AND CONTAMINANT TRANSPORT IN GROUNDWATER

Groundwater Systems Analysis - G.L. Moltyaner

Research described in the sections "Groundwater Contamination at the
Nitrate Disposal Pit Site", "Numerical Simulation of the Tracer Test Plume" and
"Model Validation and Estimation of Parameters" is related to verification and
validation of site-specific and generic groundwater pathway models. The first
two sections deal with the validation of sophisticated numerical models using
the plumes of contamination that have been subjected to extensive
geohydrochemical investigations. The third section focuses on aspects related
to the applicability of simple analytical models for assessing the environmental
impact of subsurface waste disposal.

Groundwater Contamination at the Nitrate Disposal Pit Site -
G.L. Moltyaner, I.H.K. Cheung

Simulation of groundwater contamination at this site is an example of
the use of the system-analysis method to forecast the behaviour of the 'Sr
plume in flowing groundwater in order to assess the risks arising from
contamination. The forecasting of strontium movement is based on the solution
of groundwater flow and solute transport equations under specified initial and
boundary conditions.

Water Flow Modelling Study; The flow system is studied along the mean
direction of flow using a 2-D groundwater flow model formulated in terms of
potentials and stream functions. At the present stage two computer codes are
set up to simulate the hydraulic head, streamline and velocity distributions at
the site. The parameters of the model were subdivided on fixed and variable
parameters. The fixed parameters are the bedrock boundary conditions and the
conditions on the sides of the model, as well as the vertical and horizontal
dimensions of the model. The variable parameters are the boundary condition on
the water table boundary and the hydraulic conductivity distribution. Two
different conditions used on the water table boundary are the specified head and
specified water flux. - Under various magnitudes of specified parameters, a great
number of computer runs were performed. Analysis of the output information
showed that the aquifer can be modelled as a layered one and that the presence
and dimensions of the silty layer significantly affects the flow velocity
field. Further computer-oriented analysis of the aquifer properties will be
performed after revision of the conceptual model of the aquifer.

Solute Transport Modelling Study: The movement of Ŝr through the
fluvial aquifer is the result of the simultaneous action of four processes:
advection, mechanical dispersion, molecular diffusion and hydrogeochemical
retardation. The processes are modelled using 2-D computer codes. The variable
parameters of the model are the boundary condition on the water table,
dispersivity, retardation coefficient and the source of contamination. The
first-type boundary condition at the water table represents the situation when
the source concentration is constant regardless of the time of contamination and
recharge rates. A third-type boundary condition represents the situation when
the aquifer is contaminated only by the recharge water. Several values of
dispersivity and of retardation factors were used. An attempt to adjust the
variable parameters in the transport model so that the observed strontium
distribution could be replicated in the simulation showed deficiencies in the
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discretization of the domain of interest. The deficiencies manifested
themselves in the necessity to use very large values for dispersivity. Based on
the feedback from the computer simulation, the finite element mesh will be
revised. Further calibration of the transport model will be continued after
revision of the finite element mesh and after completion of field column tests
described in another section of this report.

Numerical Simulation of the Tracer Test Plume - G.L. Moltyaner,
J. Poisson

Water Flow Modelling Study; The procedure for developing a
deterministic flow system model of the Twin Lake aquifer consists of two main
steps. The first step is to set up conceptual equations that describe system
variables over the region of interest. The second step is to translate this
equation into computational equations using a numerical method. The groundwater
flow at the Twin Lakes is of three-dimensional nature and 3-D conceptual
equations must be used to describe adequately the flow system. The flow,
however, can be comprehensively studied along the mean direction of flow, as
identified by the radioiodine movement, using 2-D equations. The approach was
taken to use the steady-state equation: assume the system over a 40-day period
of test did not change hydraulically. The governing equations, therefore, were
set up to describe the steady state hydraulic head distribution in the Twin Lake
aquifer.

In order to solve the conceptual equations, the finite element
Galerkin-based approach was undertaken. The finite-element solution involves
partitioning of the flow domain into subregions, assigning material properties
to these subregions and evaluating water fluxes across the interfaces at the
specified subregions. In order to facilitate the discretization of the flow
domain, an attempt was made to use a contour plotting program written in SF-
TRANS and suggested as an automatic mesh generator by G. Williams from the Math
and Computation Branch. The program was modified to satisfy our needs.
However, the boundaries for the mesh and for each layer must be manually
modified and, therefore, for a fine mesh this mesh generator would not be
suitable. The practical outcome of using the finite-element technique is a
computer code. Once the code is written the numerical model can be applied to
study flow systems.

The Twin Lake aquifer flow system was simulated using 2-D
finite-element code. At the present stage, the computer code is set up to
simulate the hydraulic head at the site with an acceptable tolerance error.
The hydraulic head code is used to adjust boundary conditions, water table and
bedrock elevations, and hydraulic conductivities of the aquifer. A large number
of runs required to adjust fluxes at the model boundaries until a reasonable
agreement between computed and observed head was achieved. The model dimensions
were 96 x 10 metres. The generated mesh consisted of 189 nodal points and 327
elements.
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Solute Transport Modelling Study: The movement of l31l through the
fluvial aquifer that was observed in the tracer tests (see PR-HS-20) was the
result of the simultaneous action of three processes: advection, mechanical
dispersion and molecular diffusion. The processes are modelled using a 2-D
advection-dispersion equation along the centre line of the tracer spreading. A
computer program utilized to simulate temporal and spatial migration of the
radioiodine pulse is a Galerkin-based finite-element code. The problem domain
for solute transport modelling is a subset of that described in the flow
modelling section. It includes an area of 40x5 metres where the tracer movement
was recorded. This model requires generating a new mesh of 700 nodal points and
1100 elements over only an area of 10x5 metres. As a first approximation, the
model domain was approximated by a rectangle. At the following stages of model
testing the model will be modified to reproduce the real aquifer boundaries. So
far, there has been computer memory problems when trying to generate a fine grid
with 0.1 m y-spacing and 0.5 m x-spacing. Further quantitative analysis and
reinterpretation of available data is required to revise the conceptual model of
the aquifer properties and boundaries incorporated in the numerical models.

Model Validation and Estimation of Parameters - G.L. Moltyaner

This work has as its focus the applicability of simple analytical
models for assessing the environmental impact of subsurface waste disposal.

In evaluating the effect of underground disposal of radioactive wastes
on the environment, mathematical models that realistically describe the
groundwater pathway must be identified. The model that is currently used for
the groundwater pathway is based on the analytical solution of the advection-
dispersion equation modified to account for physico-chemical interaction between
the dissolved nuclides and the solid phase of the groundwater system. The
degree of realism inherent in the groundwater pathway model depends on the
ability of that model to account for the physico-chemical processes involved.
The realistic model requires realistic input data and little is gained by using
the input parameters of three-dimensional nature obtained from the field
observations and simulations in the simple one-dimensional model with constant
parameters. One way of establishing the realism of the one-dimensional model
with constant parameters is by determining model parameters from the spatially-
averaged observations. Observations collected from the tracer release studies
conducted in-situ and studies of existing zones of contamination can be used for
this purpose.

Estimation of Model Parameters Using Large Scale Field Tracer Tests:
Dissolved radioactive material may be released from the geosphere into a variety
of receptors including the shallow groundwater system. This material is
transported by advection and by dispersion in the system. Parameters
influencing the dispersion patterns and the reduction of concentration in the
system include the direction and speed of flow, the size, geometry and bottom
topography of the contaminated zone, the location of the emergence zone in
relation to the groundwater discharge area, the hydraulic and sorptive
characteristics of the solid matrix of the porous medium, and radioactive decay.
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The estimation of paramaters quantifying dispersion has been the
subject of our extensive invesigations. Discussion of different techniques for
determining dispersion model parameters started in my paper "Mixing cup and
through-the-wall measurement techniques in field-scale tracer tests and their
related scales of averaging" (submitted to Journal of Hydrology) are intended to
provide guidance and to stress the desirability of determining these parameters
from sampling devices with the identical volume of averaging of measured
concentration. As is shown in the paper, examination of the averaging procedure
related to the sampling device and the scale of averaging is critically
important to the interpretation of experimental data and estimation of model
parameters. For this reason, it has been suggested that the experimental
procedures and the scales of measurements must be reported together with the
magnitude of dispersion parameters in order to make predictions based on these
parameters meaningful.

Dispersion Processes: Modelling and Measurements: Two manuscripts
entitled "Twin Lake tracer tests: longitudinal dispersion" and "Twin Lake
tracer tests: transverse dispersion" have been completed. The papers document
the results of our experimental and modelling efforts on quantification of the
dispersion process at the Twin Lake aquifer. On the basis of these results, we
have concluded that the classical three-dimensional dispersion model adequately
describes the longitudinal spreading of non-reactive nuclides in groundwaters,
provided that the measurements of the tracer activity were performed at the
scale compatible with the scale of variability of pore-water velocity.

A Field Examination of Empirically Derived Relationships between Flow
and Transport Parameters: Field estimates of the dispersive properties

of groundwater flow systems are essential for the adequate prediction of solute
transport in a porous media. Estimating values for these parameters based on
field tracer tests is a very expensive and time-consuming process.
Consequently, the majority of contaminant transport studies rely upon laboratory
methods for estimating the characteristic properties of the medium. Empirical
relationships have been derived from laboratory investigations in order to
relate the dispersive parameters to the more readily measureable physical
characteristics of the porous media. An extensive data set obtained from the
field tracer tests provided a unique opportunity to test the applicability of
these laboratory derived relationships to the field situation. None of the
tested relationships between the dispersive parameters and hydraulic
conductivity, grain-size or porosity could be demonstrated in the field. The
lack of validation of these relationships appears to indicate the
inappropriateness of applying laboratory-derived empirical relationships to
field situations.

Sorption Processes: Modelling and Measurements: The groundwater
pathway model involves distribution coeficients designed to describe overall
sorptive behaviour of radionuclides in groundwater systems. The large body of
existing data on distribution coefficients was derived from laboratory
experiments performed generally over short periods of time and/or in static
conditions. However, almost no data are available for radionuclide sorption
when the solid matrix of the porous medium has been subjected to dynamic
alteration by contaminated groundwater flow over very long periods of tine. The
problem is acute because of necessity to make reliable predictions over a
geological time scale. Currently, our effort is focused on simulating the
radiostrontium behaviour in laboratory columns constructed using sand that was
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in contact with radiostrontium over 30 years and using uncontaminated sand from
the same site. A two-part study will allow us 1) to obtain model parameters at
the scale of 30 years, 2) to compare long-term parameters with those obtained
from the short-term experiment, 3) to extrapolate the parameters from
laboratory-time scales to time scales which are of interest in predictive
modelling, and 4) to estimate the applicability of equilibrium transport
models for long-term analysis. The experiment is described in the next
section. Preliminary analysis of results show that no simple K̂ j-type model
can be used to simulate the radiostrontium behaviour on the contaminated core.
At the same time, the radiostrontium behaviour on the clean core appears to
follow the equilibrium transport model. Simulation of observed breakthrough
curves resulted in retardation factor of 14.4. Data from these experiments are
still being analysed.

Lake 233 Field Column Desorption Experiment - G.L. Moltyaner,
D.R. Champ, J.L. Young

An undisturbed contaminated core was taken at about 10 m downgradient
from well C-71 in the 90Sr plume area below the nitrate disposal site.
Approximately 90 cm of core recovered from about 12 m depth below surface was
used for testing. Immediately after recovery, the core tubes were cut into
15 cm sections and capped. The end sections of core tube were discarded and the
six sections corresponding to the depth between 11 and 12 m with the highest
radiostrontium activity were analyzed. Relative counting efficiencies for
various sample volumes were determined using Sr standards prepared by
R.W.D. Killey. Since activities of the core sections were significantly
different and the experiment required homogeneous cores, the sediments were
homogenized before preparing the columns. Four columns were packed and immersed
in a tank fed with groundwater at a constant rate. The detector system that had
been prepared for the experiment in cooperation with E.L. Cooper included an
in-line scintillation counter. At.the beginning of March^two of four columns
were loaded with 3H and one with 85Sr. The behaviour of n5;Sr in the sediments

9 0

contaminated by Sr solution was completely unexpected: approximately 98% of
Sr was retained in the 15 cm length columns after relatively long-term (two

months) experiments in .spite of the Sr eluting at the expected rate. In
attempt to quantify the unexpected departure from the equilibrium
exchange-controlled retardation, an additional column experiment has been
initiated using uncontaminated sands and sands previously contaminated by Sr
in the laboratory over a period of over 72 hours. (In laboratory-performed
batch experiments, sands are usually saturated by Sr over a period of 24 to 48
hours.) At the middle of June the contaminated and uncontaminated columns were
loaded with H and Sr. The experiment is still going on, but the preliminary
analysis of the collected samples indicates that the Sr is migrating in both
columns similarly to Sr in the laboratory contaminated column. This is in
contrast to its behaviour in the earlier experiment with field contaminated
material. Preliminary analysis of results show that no simple equilibrium
transport or kinetic type model can be used to simulate the radiostrontium
behaviour on the contaminated core taken from the Sr plume area. At the same
time, the radiostrontium behaviour on the clean core appears to follow the
equilibrium transport model. Simulation of observed breakthrough curves
resulted in retardation factor of 14.4. Data from these experiments are still
being analyzed.
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Vertical Connectivity and Determination of Retardation Factors for
Iodine and Technetium in Shallow Boreholes - S.J. Welch, D.R. Lee

Recent work has shown that it is possible to assess vertical
connectivity and determine retardation factors for contaminants using a new
method in which water is injected at one isolated level and is withdrawn at
another isolated level. In the last 6 months, equipment was constructed and
placed in borehole CR-15 for the purpose of measuring the retardation of iodine
and technetium. The device was positioned in the most permeable portion of the
borehole and preliminary tests, including permeability tests and natural
gradient flux measurements, were conducted. Flow rates for both injection and
withdrawal were satisfactory for the first three days but declined to less than
50 mL/min on the injection side by the third day. Apparently the fractures
became clogged and, therefore the test was terminated. The device was then
lowered to a new location and preliminary tests indicated that the permeability
was too low to conduct a tracer test. The device was then to be moved to
another location, however the device became difficult to move and it had to be
extracted using a winch. When the instrument was removed, we realized that one
of the packer glands had been partially pulled inside-out, thereby increasing
its diameter and lodging it in the hole. In future, it will be necessary to
increase the thickness of the rubber gland material from a wall thickness of 1/8
to 3/16 inch to ensure that the device does not jam in the hole.

Studies of Solute Transport through Discharge Zones - D.R. Lee,
S.J. Welch

The migration rate of technetium and iodine through discharge zones
will be determined by injecting masses of labelled water into the base of
columns placed in natural discharge zones. One study site in the SE corner of
Maskinonge Lake appears to meet the experimental requirements. The discharge
rates were mapped along the shoreline using seven seepage meters and mini-
piezometers. The seepage fluxes ranged from 1.02xlO"5 to 1.12xl0"3 pm's"1 with
hydraulic conductivities from 1.7xlO~3 to 1.85X1O"1 cm^s"1.

Microbial Mediation of Radionuclide Transport - D.R. Champ, D. Gupta

The effect of micro-organisms on the transport of radionuclides in a
nuclear fuel waste disposal vault is being assessed using laboratory columns to
simulate the vault environments The physical environment of the vault has been
simulated by using 2 polyethylene columns in series where the first column is
packed with the coarse components of the backfill (> 0.105 mm) and the second is
packed with polyethylene beads that have been coated with the fine clays in the
backfill (< 0.105 mm). Pairs of columns have been equilibrated by eluting with
a standard saline solution that has been equilibrated with the backfill
materials. The entire experimental system is housed in an environmental chamber
which facilitates temperature and light control. The chamber is currently being
retrofitted with a glove box front incorporating glove ports plus an access
chamber to facilitate introduction and removal of equipment with minimal
disruption of the atmosphere within the chamber; following installation, the
chamber will be continuously purged with N2 to achieve the desired anaerobic
conditions.
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The initial geochemistry and microbiology of the columns has been
assessed (before anaerobic conditions were established). The pH of saline
waters was buffered to 7.4 from 10.8 following contact with backfill materials.
Anion analysis has shown a reduction in nitrate concentration following contact
with the backfill indicating that denitrification is occurring. Sulfate
concentrations have been increasing with time due to leaching of SO^ from the
backfill. Dissolved organic carbon concentrations are high, 9.4 mg»L , as
anticipated. Bacterial populations, as assessed by plating techniques, are
large (*>2xl06 cells/mL ). ATP analyses are currently underway to provide
further data on microbial activity. The observed bacteria grow equally well at
7°C and 18°C; tests for growth at higher temperatures are currently underway.

The flow-integrity of all columns has been tested using 3H as a
conservative tracer and the breakthrough curves are currently being analyzed.
The protocol for the reactive radiotracer experiments has been established and
the first set of tracers (99Tc, 125I and 85Sr) will be injected following
completion of modifications to the environmental chamber and the attainment of
the desired anaerobic environment.

3.3.4 LAKE AND RIVER PROCESSES

Mixing Processes in Lakes - P.J. Barry, E. Robertson

This program has been discontinued because of continuing difficulties
with the instrumentation (see PR-HS-10).

Nucllde Mass Balances - R.J. Cornett, L.A. Chant, B.A. Risto

We have extended our studies of nuclide mass balances to examine the
behaviour of nickel and arsenic in Moira Lake. This work, performed under
contract to the National Uranium Tailings Program, has allowed us to test the
generality of conclusions reported earlier from studies of the behaviour of
several nuclides.

Most of the nickel and arsenic measured in the surface waters of the
lake was found to be in a dissolved state. The distribution of arsenic within
the sediment cores and around the lake bottom was strongly correlated with the
distribution of nickel. The distribution of these elements and other elements
examined earlier is determined by the accumulation rate of soft organic
sediments.

The distribution and behaviour of nickel and arsenic in Moira lake was
very similar to the behaviour of nuclides studied in other systems. The
observation of similar behaviour of different elements and isotopes in several
different lakes is very encouraging. It supports our hypothesis that
generalizations about the behaviour of elements in surface waters can be made
that are independent of the individual source term and that are generic to
shield lakes.
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Behaviour of Radiotracers in Lake Water-Sediment Systems -
R.J. Cornett, L.A. Chant, B.A. Risto, F. Marcantonio, (CRNL) and
M.L. Diamond, B. Ahier (University of Toronto, Department of Chemical
Engineering and Applied Chemistry)

A joint tracer experiment to examine the movement of several nuclides
and trace elements has been initiated. Following the addition of several
radionuclides (^Am, UO 2

2 +, Th*+, 226Ra> 133 B a > 210 P b > 113Sn, 63 N i 99 T c 131If
1 2 5 1 , 5 7Co, and 13*Cs) and radioisotopes of several trace metals (7*As, 2 0 3Hg,
H-3Sn, °5zn and ^9pej j-jjg distribution of each isotope between the lakewater,
lake sediments, particulate material suspended in the water column, and fish has
been measured. Preliminary results suggest that all elements are rapidly lost
from the water to the sediments. Within the water column there is significant
sorption of the nuclides onto particulate material. Detectable concentrations
of each element were measured in the fish shortly after the additions of
activity. Nuclide activity in the fish continued to increase throughout the
experiment. However, uptake by the biota constituted a very small fraction of
the total activity within the experimental systems. A more rigorous analysis of
these results is currently underway. This will permit a quantification of the
rate constants for each of the transfers between the water, sediments,
particulates and biota.

In addition to the experiments described above, we have also altered
the geochemical conditions in the experimental systems. These manipulations
will allow us to compare our results from Perch Lake with those that might be
expected in other systems where the geochemical conditions are different. The
manipulations consisted of adding humic acids to increase the concentration of
dissolved organic carbon and adding inorganic (bentonite and illite) and organic
particles (natural lake sediment). A qualitative analyses of our recent results
suggests that these additions altered the rates that nuclides were transferred
from the water to the sediments. A detailed simulation of these observations is
required before the mechanisms of nuclide transport can be quantitated. This is
currently underway.

3.3.5 BIOLOGICAL PROCESSES

Trace Metal Bio-Accumulation - J.W. McMahon

Previously reported losses in 57(]o activity in 20°C "well water" were
due to uptake of the radionuclide by gram-negative bacteria growing on the
container walls. Similar studies, using raw Perch Lake water samples showed a
90 percent decrease in 57Co activity over a 12 day period. Duplicate samples,
treated with chlorine to remove bacteria, showed no change in *7co activity in
the water over the same time period. In studies designed to demonstrate water
intake as a major pathway for radionuclide transfer through the food chain
ingestion of these labelled epiphytes by browsing experimental fish would result
in erroneous data. This source of error can be eliminated by changing the
ambient labelled water on a daily basis. This is imperative at water
temperatures of 20°C and greater where bacterial growth and hence 57co uptake
was shown in our studies to be highest.
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Subsequent studies on Co accumulation by goldfish from waters at 5,
10, 15 and 20 C indicated minimal Co uptake directly from water by this
species over a period of several weeks. Co uptake from water is also similar
over the temperature range studied.

In order to evaluate food as a possible pathway for Co uptake
techniques were developed for labelling, drying and handling radioactive
labelled commercial fish food mixed with gelatin. 57Co losses, due to leaching
from the gelatin pellets into the surrounding water, were insignificant over a
period of several hours. This assured that any observed Co uptake was due to
transfer through the food chain.

Long term feeding experiments, using labelled food pellets on goldfish,
are currently underway. Initial results indicate that while whole body counts
suggest significant radiotracer uptake, analysis of fish minus the gut shows
relatively low amounts of Co actually assimilated into the fish tissues. This
study is continuing.

Stable Cobalt in Different Fish Species - J.W. McMahon, I. Notley

Field sampling of area lakes for fish from different trophic levels,
the subsequent sample preparation and acid digestion of fish and bone for cobalt
determinations by Zeeman Atomic Absorption Spectroscopy, has been initiated as a
summer project. The intent is to demonstrate differences in trace metal content
in tissue between plankton consumers and carnivorous fish.

Rooting Depth of Trees - S. Uchida, R.W.D. Killey

One of the potential pathways to the biosphere for contaminants leached
from a shallow land burial disposal site Is root uptake from the affected
aquifer. There is almost no available information on the rooting depth of trees
on the Canadian Shield, making assessment of the significance of this pathway
very difficult. During the past 3 months, we have studied the distribution of
H in trees overlying a small tritium plume in groundwater leaving one corner of
Waste Management Area B. Depth to the water table along the plume varies from 0
to 7 m. Tritium was measured in free water in cores of trees collected at
different locations along the plume, as well as in groundwater and seepage
samples. Results show that trees derive most of their water from the upper
1.5 m of the soil profile, but that some trees obtain a small amount of their
water from the water table even when it is more than 6 m below ground surface.

3.4 ENVIRONMENTAL ASSESSMENT - CRITERIA, TECHNIQUES AND IMPLEMENTATION

3.4.1 INTRODUCTION

Environmental assessment requires a model of transport processes
linking a source emitted as a result of a given operation and some measure of
the impact on a sensitive receptor usually, but not always necessarily, in the
form of a dose. The Branch is devoting a greater proportion of its resources
than previously to the development of these models. The magnitude of that dose
will be one of several factors which may have to be considered when the
acceptability or otherwise of the proposed operation is to be judged. Since
different factors and different aspects of the form of the calculated doses
require different modelling strategies it is necessary to identify them so that
the output of the models can be specified. To use the models it is necessary to
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identify and quantify the transport processes of importance for a specified
operation and site and to be able to measure the parameters used in the
transport equations. Many of the techniques and methods which are to be used in
the field to obtain this information in a form that can be used remain to be
developed. For a waste repository in a consolidated geologic formation
(geosphere) a key step for the modelling is the linkage between the consolidated
formation and those parts of the biosphere most readily accessible to humans.
The receiving body in the biosphere may be water in a lake or river or
groundwater in an unconsolidated geologic formation. This is a relatively new
field of enquiry and little is known about this linkage. Methods for both
finding where such a linkage occurs in practice and observing what happens are
unknown.

3.4.2 ENVIRONMENTAL DISPERSION MODELLING

Critical Group Calculations - S-R. Gentner, P.J. Barry

RITE (Radionuclides in the Environment) is an interactive code based on
the pathways model used for derived release limits in the CSA Standard N288.1.
Although the corrections suggested for RITE have not yet been incorporated, the
program proved useful for estimating the I dose rates due to inhalation and
milk ingestion In Romania resulting from the Chernobyl accident. A release
rate, required as input by RITE, was derived by adjustment to obtain surface
deposition concentrations corresponding to reported values.

General Purpose Biosphere Compartment Model - P.J. Barry, S-R. Gentner

As a means to debug LEGGO and an exercise in modelling, a LEGGO
version of an existing dynamic model simulating time-dependent behaviour of

Ra in a lake ecosystem was developed. Flaws in LEGGO's logic or structure
were resolved, often using mini-models for clarification. The result is a
multicompartment model of radium behaviour in a small lake. The radium is
assumed to be uniformly mixed. Transfers through food webs with pathways from
game fish and drinking water leading to doses to man are modelled and there is a
detailed sub-routine to model sedimentation, diffusion into the sediments and
adsorption by sediment particles. The main difficulty in this kind of modelling
is, as nearly always, finding reliable values for the transfer parameters. The
model has so far been used for sensitivity studies. The model can be used for
any radionuclide in a lake and it is hoped that it will be used operationally
for other radionuclides as better data becomes available from other studies now
underway in the branch and elsewhere. Other models also were attempted, and it
is clear that LEGGO cannot be used in some situations. Practice with LEGGO will
be the only way to optimize its usefulness.

Tritium Dispersion Around CRNL - S-R. Gentner, R.M. Brown, F.C. Brown

In preparation for modelling the dispersion of tritium around CRNL, all
the HTO releases from Bldgs. 163 (stack), 570, 150, 468, 210, 558 and 250 were
entered into STACD2, an interactive data base management program developed to
store historical HTO concentration data supplied by Radiation and Industrial
Safety Branch on the CRNL mainframe. Tritium release data from 80/01/02 to
86/06/01 have been entered. Another program takes the triweekly release data
and calculates the monthly total for each building. Wind roses for Bldg. 456
were obtained for Nov.'81-Apr.'86 (no data are available for Oct.-Dec.'83).
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Tritium roses have been synthesized from the wind roses and the monthly HTO
releases in anticipation of comparing measured HTO deposit at Balmer's Bay,
Bldg. 560 and Perch Lake with estimated deposition.

NRC Model Codes Validity Study - Battelle PNL, R.W.D. Killey,
G.L. Moltyaner

Regulations in the United States state that any site proposed for
shallow land disposal of radioactive wastes must be modelled. The U.S. Nuclear
Regulatory Commission (NRC) has commissioned Battelle Pacific Northwest Labs
(PNL) to assist them in determining the validity and limitations of currently
available codes for simulating movement of radionuclides. CRNL is collaborating
with PNL in this study.

Modelling of the Nitrate Plant plume using Battelle's CFEST (Coupled
Fluid, Energy, and Solute Transport) 3-D finite element code and all relevant
data has been completed. Predicted flow directions and hydraulic head
distributions are in fairly good agreement with field observations, although the
matches are not as close as those provided by the SWIFT modelling of flow.
Battelle staff confined contaminant transport simulations to Sr. By using
extremely dense finite element grids to minimize numerical dispersion, employing
Kd values similar to those measured in the plume, and assuming an initial period
of unretarded radionuclide migration, reasonable agreement between observed and
calculated radiostrontium was achieved. No reasonable agreement could be
obtained using batch or column measurements of Sr Kd's and assuming
time-invariant contaminant migration behaviour.

The second phase of this program calls for a similar study of the Lower
Perch Lake basin (from Area A to Perch Lake). Again, Battelle is beginning with
a limited data set in an effort to simulate the level of detail that would be
available in a site selection program. Information from existing boreholes and
monitors in the vicinity of their selected locations has been transferred to
Battelle.

3.4.3 ASSESSMENT CRITERIA AND STANDARDS - R.V. Osborne

Following the Chernobyl reactor incident late in April, a watching
brief has been maintained on the radionuclide distributions, radiation exposures
and counter-measures adopted over the globe as such information becomes
available. In company with the vast majority of other national nuclear agencies
we shall be participating in appraisals of scientific information that can be
gained from the observed dispersion of activity and in reviews of the
appropriateness and effectiveness of criteria used for turning on various
counter-measures.
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3.4.4 FIELD STUDIES

Assessment of the Proposed SLB-P1 Site - R.W.D. Killey, S. Uchida,
J.H. Munch

Analysis of the major ion chemical data collected in the fall of 1985
has been completed. Study area groundwaters can be grouped into 3 categories -
waters unaffected by road salt, and 2 classes of water contaminated with NaCl
(from Lake 233). Part of the input to Lake 233 is draining from the plant
road. Recharge of the study area aquifer by Lake 233 can be identified by Cl~
concentrations up to 20 (±g»roL . Direct recharge of the aquifer by infiltrating
precipitation downgradient of Lake 233 supplies water with approximately
1 n.g'mL"1 of Cl~.

Road salt contamination also adds sodium to the aquifer. Close to Lake
233, calcium previously sorbed to ion exchange sites on the sands has been
partly replaced by sodium, and Na is 3 times more abundant than Ca (in molar
quantities) in groundwater near the lake. Further downgradient, Cl
concentrations in the lower part of the aquifer are still «20 pg»mL-l, but both
Ca and Na are present in elevated concentrations. They are equally abundant in
terms of molar quantities (as is the case for uncontaminated groundwater). In
this part of the system a new equilibrium between dissolved and ion exchange
site populations of cations is not yet established, and Ca is being released to
solution as Na occupies more exchange sites. This repopulation of exchange
sites may influence radionuclide sorption; this possibility is being examined as
part of the field column experiments discussed below.

In 1985 December, a water supply well was installed 70 m downgradient
of the proposed SLB-P1 site and columns were constructed using sediments
collected at the depth of the well's intake screen. Three sets of radiotracer
migration tests have since been performed. In all three, steady-state flow
conditions were established by pumping well water through the columns at a
constant rate. Tritium or 1-125 injections and analyses of the breakthrough
curves were used to test for uniformity of flow and to define dispersivities of
the columns. Satisfactorily-packed columns were subsequently spiked with
Co-57, Sr-85, and Cs-137 (representative of the major reactive radionuclides
expected in SLB-P1 waste) in

(i) test site well water,
(ii) well water, pH reduced from 6.0 to 2.6, and
(iii) cement/bitumen leachate.

Data for the breakthrough curves for all three radionuclides in the
spiked groundwater additions can, in most cases, be reasonably well simulated
using standard Kd's, and values based on relative velocities of the tracers are
listed in Table 3.4.4. Injection of the radiotracers in a cement/bitumen
leachate resulted in a slight enhancement of Sr-85 mobility and some departure
from a Kd model as evidenced by the tailing of the elution curve. Radiocobalt
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movement was greatly altered, with the evidence suggesting precipitation or
co-precipitation of the cobalt followed by slow re-dissolution and elution.

One final set of column experiments was performed at borehole C-149.
These employed columns constructed from dried samples of the same sediments used
in the previous tests; one column was run at groundwater pH while the second
received 1 pore volume of tracer-labelled water with pH adjusted to 10. Drying
had little effect on radiocobalt behaviour; results of the natural pH column
were essentially identical to those obtained with unaltered sediments, and
elution from the pH 10 column showed a small unretarded release of cobalt as had
been observed with the cement/bitumen leachate. Radiostrontium and cesium
behaviour was substantially different. In both columns, strontium eluted almost
sir -taneously with cobalt, yielding a Kd of 1.4 ml/g. There was no elution of
radiocesium, and subsequent analysis of the column sands showed that cesium was
almop' completely retained in the first 2 cm of the columns.

Sands from undried columns injected with labelled groundwater and with
cement/bitumen leachate, and from the columns of dried sand, have been subjected
to sequential leaching to remove tracer retained by:

i) ion exchange,
ii) carbonate minerals,
iii) amorphous iron hydroxides, and
iv) crystalline iron hydroxides.

Analyses of the resulting solutions for Cs-137 have been completed. Ion
exchange displacement removed an average of 14% of sorbed cesium from the
undried column injected with labelled groundwater. Similar treatment of the
cement/bitumen and dried sand columns removed 7% of the cesium inventory. All
samples tested released substantial amounts (25 to 43%) of radiocesium in the
carbonate dissolution step. Carbonates were only expected to be significant in
the cement/bitumen column, and the method now requires additional evaluation to
determine if the leaching procedure is actually attacking some amorphous
oxyhydroxides. At the end of the leaching procedures, from 11 to 32% of the
Cs-137 was still fixed to the sands; highest percentages of retention were
observed in the column spiked with concrete/bitumen leachate. Analyses of the
leach solutions for radiocobalt distributions is underway.

A second set of field column tests has been started in a portion of the
aquifer unaffected by road salt contamination and where oxidizing conditions
exist. This is analogous to conditions expected at the water table beneath the
SLB-P1 bunker; the earlier column tests were performed under groundwater
conditions appropriate to the midpoint of a subsurface contaminant plume from
the waste management facility. Following tritium tests for column integrity,
groundwater at natural pH and at a pH of 10 was spiked with the combined Co, Sr,
and Cs tracers and injected. Data collection is currently underway.
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Table 3.4.4: Distribution coefficients calculated from relative
velocities in the field column experiments

Kd(mL/g)

57

1

1

4

Co

.3

.3

.8*

85

4

3

2

Sr

.3

.4

.2

137Cs

27

no data

no elution

Groundwater pH = 6.0

Groundwater pH = 2.6

Cement/Bitumen Leachate

* Kd model not appropriate

Streamflow Measurements for SLB-P1 Assessments - R.W.D. Killey,
J.H. Munch, W.J. Beattie

The wetland that receives groundwater that passes beneath the proposed
site for the demonstration shallow land burial facility (SLB-P1) drains via two
streams. One, Duke Stream, drains directly to Maskinonge Lake. The second,
Lower Bass Creek, drains to Maskinonge Lake through Lower Bass Lake. Duke
Stream has a weir but no continuous monitoring of flow; there are at present no
facilities for flow measurement on Lower Bass Creek. At the request of the
Waste Management Technology Division (WMTD), we have selected an appropriate
location for a weir and provided design guidelines for the weir structure. We
have also been asked to select and install equipment for continuous measurement
of flow in both streams and quotation requisitions for such equipment have been
issued. Duke Stream is currently sampled routinely as part of the site
monitoring program; Lower Bass Creek will be added to the sampling schedule once
the gauging structure is complete.

Ground Probing Radar Survey of the Lower Perch Lake Basin - A-Cubed,
R.W.D. Killey

A-Cubed has been contracted to carry out ground probing radar (GPR)
surveys of a series of lines in the Lower Perch Lake basin using their new
low-frequency system that offers improved signal penetration of the subsurface.
The work has three objectives: 1) Environmental assessments and the design of
monitoring programs for Waste Management Area A and Reactor Pit #2 require
definition of the groundwater flow system between the waste management sites and
points of discharge to surface. 2) Any attempts to use the area for model
calibration studies require a detailed data base. 3) We are interested in the
capabilities of GPR for site selection studies for the Nuclear Fuel Waste
Management Program (NFWMP).

The survey was performed in March and the final report is now
available. Results are very good; the study area consists of up to 25 m of
sands containing strata of clays and silts and the radar was able to penetrate
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the complete sequence In almost all areas. Correlations between reflectors and
stratigraphic changes logged in the 100 boreholes in the study area were
generally very good, and the radar has proved extremely useful in correlating
clay strata between adjacent boreholes* Reliable correlations had ,not
previously been possible, particularly since the radar has revealed that many of
the low-permeability strata feature irregular surfaces. The radar-based
stratigraphy is also consistent with the distribution of tritium entering the
system from Reactor Pit #2. Correlations with the Sr plume from Area A are
currently being analysed.

Paleohydrological Inferences from Fracture Calcite Analyses -
G.M. Milton in collaboration with P. Fritz, University of Waterloo

Three samples of calcite fracture coatings (all less than 10 mg),
recovered from the Nl borehole drill-core at the Stripa Project, Sweden, have
been analyzed for their uranium, thorium and radium contents and isotopic
ratios. The data indicate significant differences in uranium concentrations and
2 3 4U/ 2 3 8U activity ratios (AR) between the precipitating solutions and the
groundwaters recently pumped from nearby fractures in this borehole. (Present
day average U groundwater concentrations in Nl, 150-300 m = 1.26 pg»L
AR=9.3). Higher concentrations (i.e. >10 ^g.L»~ ) and low activity ratios would
be expected at the onset of weathering in this formation; subsequent large
increases in activity ratios are probably the result of near surface
microfracturing caused by post glacial uplift and more recent extensive mining
operations. Mean times of calcite deposition have been estimated from
23°Th/23*U ratios.

This work has been submitted for inclusion in the next Stripa progress
report (estimated publication date, late 1986).

Iodine and Uranium in Peats - G.M. Milton, J.H. Munch

Pursuant to the investigation of iodine and uranium in peats as
potential tracers of deep and intermediate depth groundwater discharge
respectively (PR-HS-20), a suite of organic sediments was collected by D.R. Lee,
hand-digging frozen ground to a depth of 40 cm at a site approximately 20 m from
the centre of the South Lick, Lake Nipigon area (Frape et al., 1984).

The uranium and thorium concentrations and isotopic ratios in acid
leaches of these sediments have been measured, and a first estimate made of
radium concentrations. The associated pore waters have been analyzed for
principal anions.

Observed porewater chloride concentrations («50 ppm) would indicate a
dilution factor of 100 for any saline water rising to the surface through these
sediments (Cl~ conc'n at centre of lick a 5000 ppm). However the Cl/Br ratio
observed in the uppermost section is much lower than that measured in the brines
and in shallow groundwaters. Such a decrease may be indicative of Br~, and by
analogy I", enrichment in this layer. Nitrate and sulfate were observed to
increase with depth; an observation as yet unexplained.

The uranium concentrations observed are no higher than average for
organic-rich sediments in this area. However the organic content of the
30-40 cm section is only 9.1%, yet a uranium enrichment of 2.5 times is seen at
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this level. Incomplete radium data indicate a peak in this element In the 20-30
cm section, strongly suggesting some upward movement of groundwater, carrying
more mobile uranium daughter activities with it. Very low Th/U ratios, higher
than average 23"*U/238U activity ratios for sediments, and 23oTh/231*U
disequilibrium all support the contention that the bulk of this uranium
enrichment is of secondary origin and may have a groundwater source. Uranium
analysis of a saline water sample from bedrock below the lick, now in progress,
should provide a test of this hypothesis.

Obtaining satisfactory chemical techniques for measuring iodine
content, however, has turned out to be much more difficult than anticipated.
Three published methods have now been tested, all with unsatisfactory results.
The addition of •L25i tracers to the samples has shown that even after
recommended digestions are complete, iodine is adsorbed apparently by humic
and/or fulvic acids. Recoveries are low and variable. No further methodologies
will be tested until all analytical options have been reviewed.

Reference: Frape, S.K., Fritz, P and Blackman, A.J. 1984.
International Symposium on Hydrochemical Balances of Freshwater
Systems, Uppsala, Sweden pp 369-379.

Determination of Specific Flux from Lake 233 to the Aquifer Beneath
C-Disposal Area - S.J. Welch, D.R. Lee

Lake 233 was instrumented with nine seepage meters and three lakebed
piezometers to provide a direct measurement of the recharge boundary for the
model of the groundwater system beneath the proposed shallow land burial
facility. Seepage fluxes were in the range of 1.1x10 to 3.7xl05 jjn's"1.
Based on a measured gradient of 0.009, vertical hydraulic conductivities of the
lakebed ranged from 1.23 to 4.1x10"3 cm^s"1.

Development of Sediment-Drag Techniques for Locating Grcundwater
Discharge and Contaminant Zones in Lake and Riverbeds - D.R. Lee,
S.J. Welch, K. Pflug

A survey of Lac Du Bonnet, Lee River and Winnipeg River is now being
conducted. Lineaments apparent on aerial photographs and magnetic survey
charts have been identified with the help of G. McCrank (AECL). Sediments over
these target areas are being surveyed in detail with the sediment drag.

The mechanical and electrical reliability of the drag has been improved
so that it is now possible to obtain 20-30 line kilometres of record in a single
day, compared with 15 previously. Improvements include a higher density body
that permits application in rivers, flush surface-mounting of the electrical
conductance cell so that the cell constant is stable, hardened steel mechanical
protection for temperature transducers, and the addition of petroleum gel to the
drag cavity to exclude water and improve electrical insulation.

Several other sites have been selected for survey with this sediment
drag, for example, the St. Clair River (with support from the Ontario Ministry
of the Environment (M0E) and Environment Canada), the St. Mary's River (with
support from M0E), a small Wisconsin Lake (with support by the U.S. Geological
Survey), and some estuarine settings.
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Cigar Lake Study of Natural Analogues - D.R. Champ, D. Gupta,
J.L. Young

One approach to assessing the potential for migration of radionuclides
from future waste disposal vaults Is through a study of natural analogs. The
Cigar Lake uranium deposit is one such example that is currently being studied
as part of the Canadian Nuclear Fuel Waste Management Program.

Microbial Effects: The extent of microbial involvement In the
evolution of this deposit has prompted this preliminary study to assess for the
presence of microbes in deep groundwaters from drill holes in and around the
uranium deposit.

Samples taken from 16 boreholes at approximately 400 m depths were
processed at 4°C in a nitrogen flushed glovebox to minimize contact with
oxygen. Three samples were taken one for each of: ATP analysis, total bacterial
counts, and sulfate reducer analysis.

On the basis of the ATP analysis nine of the samples had readily
detectable levels of ATP and hence microbes. We estimate populations of around
10 micro-organisms per ml were present in the nine samples using literature
values for the ATP/microbe ratio representative for environmental waters. We
estimate that the remaining samples had less than 5x10 cells/tnL.

Positive identification of sulfate-reducing bacteria was obtained in
only three samples. Since in all 3 cases total blackening of the media was
observed, we were unable to quantitate the number of bacteria.

Estimation of cell numbers was attempted by collecting cells on filters
and incubating the filters on agar containing nutrients. Once again only a
single analysis was performed, based upon a guess at the population size. The
data are in general agreement with the results for the ATP analyses. With one
exception, the nine samples which registered large cell numbers on the basis of
the ATP contents also showed relatively large populations on the basis of direct
counts (greater than 10 cells/mL for all of the remaining eight samples). In
addition to these, one sample also contained greater than 103 cells/mL but
presumably less than 5x10 on the basis of the ATP results. Since it is very
unlikely that all cell types will grow on a single plating medium, one would
normally expect direct counts from plating to underestimate the actual cell
numbers. This expectation is consistent with the higher cell numbers observed
in the ATP analysis.

The results clearly show that bacteria are present in large numbers in
many of the groundwater samples from the boreholes around the Cigar Lake
U-deposit. The question still remains as to whether the bacteria observed in
these samples are representative of the natural microflora of the deep waters.
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The observation of relatively large numbers of bacteria growing under
the nitrogen atmosphere (although not a strictly anaerobic atmosphere and
therefore probably supporting facultative organisms) suggests, but doesn't
confirm, that the observed bacteria are at least partially derived from the
natural rock mass. Similarly, the presence of sulfate-reducing bacteria in
several of the samples supports the hypothesis that there is a resident
bacterial population in the rock mass. It is possible that even these bacteria
could have been introduced through the use of drilling muds, although the
information available on the borehole makes this seem unlikely.

The observation of bacteria capable of functioning under low redox
potentials is consistent with the hypothesis that the bacteria may have played
an important role in minimizing the secondary dispersion of uranium by their
effect on the redox chemistry of the system.

Organic Carbon Analysis of Cigar Lake Water Samples: Dissolved organic
carbon (DOC) contents of 15 borehole water samples from the Cigar Lake uranium
deposits in Saskatchewan were determined in conjunction with assessment of
microbial populations in and near that ore body. These data are being combined
with other geochemical observations in a program under the direction of Dr. J.
Cramer (WNRE) investigating the site as a natural analogue of a waste
repository.

Significant DOC concentrations were observed in the samples, ranging
from 0.5 to 29 mg»L~ . Higher concentrations correlated with proximity to known
graphite deposits. Lower organic concentrations are typical of CRNL
groundwaters from uncontaminated sandy aquifers while higher values are within
the range observed for organic-rich, swampy surface waters.

The Relevance of Nipigon Mineral Springs to the NFWMP - D.R. Lee

With the recent publication of a symposium paper by Frape and Fritz
(1984), it became obvious that some action was needed to determine whether
saline discharge in the Nipigon region derived from deep-seated groundwaters.
Another purpose of this work is to demonstrate the capability of determining the
bedrock groundwater flux to surface at one or more specific sites. To date we
have confirmed the existence of crystalline rock beneath the moose lick studied
by Frape and Fritz, we have installed a piezometer 1 m into bedrock at that site
and have recorded electrical conductance values in that water in excess of
18,000 |iS/cm. This piezometer has a static water level up to a metre above
ground surface and flows at 80-100 mL/min at ground surface. Three other
mineral springs, identified to us by Ministry of Natural Resources, Nipigon
District, have been sampled but the analysis is incomplete. Future work will
involve installation of piezometers at these and possibly two or three
additional mineral springs.

Reference: Frape, S.K., P. Fritz, and A.J. Blackmer. 1984. Saline groundwater
discharges from crystalline rocks near Thunder Bay, Ontario,
Canada. I.A.H.S. Publ. 150. Ed. Erik Eriksson, 428 pp.
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3.5 ANALYSIS AND MONITORING

3.5.1 INTRODUCTION

The Branch provides a broad range of routine analytical and monitoring
services in support of other programs (a) within the Branch, (b) with Branch
collaborations in external agencies and (c) for other programs within CRNL.
The methods, techniques and facilities in use are continually being developed
and expanded to meet changing demands.

Development of Software in Support of the Nuclear Data 6700 Data
Acquisition System - E.L. Cooper, L. Chabot, J.F. Mattie

Software is being developed which will enable data to be transferred
between the ND 6700 and various laboratory instruments and computers. The
software developed so far allows the ND 6700 to communicate with a
microprocessor which will be used to accumulate data from alpha and beta
counters and to accept data from one of our stand-alone pulse height analysers.
Software has also been written to generate the tables for the monthly monitoring
report to the Environmental Authority. In addition, software has been written
to transfer data files to and from an IBM PC. The latter can then be used for
more of the data analysis, leaving more time and space on the ND 6700 disc for
data acquisition. The next stage in this project will be to write additional
user-friendly programs which will allow the users to set up files, transfer
data and perform calculations.

Development of Radiochemical Methods - E.L. Cooper

Further testing of the radiochemical procedure which was developed
earlier for Ra (see PR-HS-20) has been postponed since the need for this
procedure is no longer pressing.

Further testing of our radiochemical procedure for the determination of
90Sr in river water was initiated during the first quarter of 1986. However,
the work had to be abandoned when we received a contract for commercial work for
completion by the end of March. Work on this project will continue when time
and effort becomes available.

Electronic Instrumentation - W.J. Beattie

Work on six projects has been undertaken: a radiotelemetry system for
transmission of meteorological data; a microprocessor system for processing
meteorological data at Perch Lake; a microprocessor system for counting room
applications; a borehole logging probe and drive mechanism for high resolution
of radlotracers in boreholes (modifications of the drive mechanism and a new
probe are also being developed for soil moisture measurements); a miniature
radiotelemetry system for collection of environmental data, such as water level
data; and a shutter/timer system for a UV light box In the Radiation Biology
Branch.

Radiotelemetry system: the experiment has been completed and the
results tabulated. The radiotelemetry system was found to be well suited for
the transmission of meteorological data between Bldgs. 456 and 513. Some
preliminary work has been carried out to determine if the same system is capable
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of transmitting data from Bldg. 456 to Perch Lake. The next step in this
investigation will be to install an antenna near the top of the tower at
Perch Lake.

Meteorological data processor: two more circuit boards have been
purchased, software development will continue upon receipt of the temperature
monitoring subsystem which is currently on order.

Counting room microprocessor: the counting system software has been
stored on floppy discs using the microprocessor development system. The
software for operation with the ND 6700 has been written and tested.
Documentation for the system is in preparation.

Borehole logging probe and drive mechanism: the cable seal for the
submersible probe has recently been completed and tested. Modifications to the
drive mechanism to include slip-rings and a level-winding mechanism for the
cable have been completed. Final testing of the system is currently under way.

Miniature radiotelemetry system: animal tracking transmitters have
been purchased and tested for use in the radiotelemetry system. Circuitry for
data acquisition has been developed and tested. Packaging of the transmitters
and development of the receiver interface are currently under way.

U/V light box for Radiation Biology Branch: a shutter mechanism and
timing unit have been developed for providing accurate exposure times. The
shutter and timer have been completed and tested, documentation is in
preparation.

Calibrations of a Rapid Technique for the Determination of 222Rn and
226Ra in Natural Waters - -G.M. Milton

2 2 2A rapid method for the measurement of Rn In water samples by liquid
scintillation counting, first proposed by Prichard and Gessell (1977) has been
further simplified by R.M. Brown of the Environmental Research Branch. The
latter procedure has now been calibrated by measuring the equilibrium activity
of Rn and all subsequent daughters migrating into a toluene-based
scintillator across the interface with a water sample containing a measured
quantity of NBS standard Ra. By summing counts beyond the C energy range
only, backgrounds can be kept to 10 to 20 counts min "1, with resulting
overall efficiencies (partition and counting) of 71.5+2.6%. (Since a temporary
increase of »3% is observed shortly after shaking the equilibrium mixture, an
efficiency of 74% is more suitable for calculations of unsupported radon from
the initial count rate.)

The same technique has been shown to be equally applicable to the
determination of Ra (supported Rn), without prior chemical purification,
both in natural waters and in dissolved calcites.

A detailed report of this work is in preparation.

Reference: Prichard, H.M. and Gessell, T.F. 1977. Health Physics 33, 577-581
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Atmospheric HT Measurement - R.M. Brown, W. Workman

A prototype of a rugged, light and inexpensive HT/HTO sampling system
has been built in anticipation of using a number of units in an HT release
experiment in the field (see Section 3.3.1). It is a scaled-down version of our
environmental sampler designed for low level HT measurements, described in
PR-HS-17. A small automotive air compressor operated from a 6 V dry cell
provides a satisfactory pumping system (4 L/min) at 1/10 the cost of laboratory
equipment. For the 100 L air samples involved in the release experiment, 60 mL
adsorption tube containing 40 g of molecular sieve or Pd-molecular sieve are
adequate. A small electrolysis cell provides tritium-free H2 carrier gas
eliminating the need for a tank of H2 and a reducing valve.

A critical requirement for the HT release experiment is assurance that
the trap used to recover HTO does not retain any significant portion of the HT
which will be present at 10 - 10 times higher concentration. Some of our
measurements in elevated HT streams in the D2O electrolysis plant and the FINS
accelerator suggested that the molecular sieve used for HTO removal from the air
stream might oxidize and adsorb a few percent of the HT, giving erroneous
indication of HTO in the air. This seems to have been disproved in a laboratory
test in which 44 kBq (1.2 (iCi) of HT was passed through traps of Molecular Sieve
4A, silica gel, Drierite and dry ice-cooled glass wool. None of these trapped
more than 10~ of the HT and hence would be satisfactory for the field
samplers. However, in similar experiments at Ontario Hydro Research Division
(0HRD) several percent of HT were oxidized and retained by a molecular sieve
trap. The reason for the different results is not known and experiments are
continuing at OHRD to answer the question.

Samplings in the FINS accelerator room have been run in parallel with
equipment, which uses AECL wet-proof catalyst, under development in Dosimetric
Research Branch for plant monitoring applications. In the course of these
experiments, total tritium levels up to 10,000 Bq/m (3% of the occupational
MPCa for HTO) have been observed. The proportion of HT ranged from 3 to 64%.
These levels of 100 times normal are attributed to clean-up operations on
components of the accelerator.

Analytical Quality Assurance - P.C. Jay and J.M. Judd

Interlaboratory Comparison Studies: Participation in interlaboratory
comparison studies as a means of ensuring the quality of our analytical methods
has been continued. The 3 interlaboratory studies (L10, Lll, and L12) that we
have participated in are part of the Long Range Transport of Air Pollutants
(LRTAP) study run by the National Waste Research Institute, Burlington,
Ontario. Each study entails the "blind" determination of the concentrations of
major ions in 10 samples of natural waters. Studies L10 and Lll showed our data
to have good precision with few unacceptable (i.e. flagged) values but as a set
our data was about 5% less than the median values obtained in the study for NO 3
and S04 values when compared with data from the 28 other participating labs.
This bias is evaluated in the LRTAP program by using non-parametric statistics,
wherein a numerical value is ascribed to each result dependent on its place when
the data is ranked from high to low values. This conclusion of bias implies
nothing about any individual result but simply states that the data as _a set of
results is biased with respect to the median.
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Repeated attempts to determine if this bias reflects a real inaccuracy
and to locate the source have been made using standard reference materials but
without success. A review of sample preparation is in progress to ascertain if
a problem exists in this procedure that would cause bias.

NBS Research Material Analysis; NBS research materials 8409-1 and
8409-11 (simulated rain waters) were assayed for chloride, nitrate and
sulphate. Our results and the NBS "recommended values" are shown in Table 1.

Table 1

8409-1 Ours
NBS

8409-11 Ours
NBS

mg/L
Chloride

0.250+0.026
0.230f0.006

0.98fO.06
1.00?0.04

Nitrate

0.240+0.006
0.535fO.008

7.34f0.06
7.18+0.20

Sulphate

2.68+0.04
2.62f0.02

10.6f0.07
10.5fO.10

Our results are in good agreement with those from NBS, except for the
N03 value for 8409-1 where the mean result (0.240 mg NO3/L) is <50% of the NBS
recommended value. We have confirmed our value by repeated analyses. The error
is of such magnitude that we have asked NBS if any revision has been made of
their recommended values. It should be noted that NBS 8409-1 is a research
material (RM) and not a standard reference material (SRM) with certified values.

The Influence of Organic Acids on the Determination of Anions by Ion
Chromatography - P.C. Jay and J.M. Judd

A study of the influence of organic acids (acetic, maleic, lactic
glycolic, propionic, formic and butyric) on the determination of common anions
(fluoride, chloride, phosphate, bromide, nitrate and sulphate) has been
completed. This study was initiated because it was evident that in particular
environmental samples, notably from stem flow and coloured waters, matrix
components thought be organic in nature were interfering with anion analysis
thereby producing Inaccurate data. It is apparent from our study that several
organic acids seriously interfere with ion chromotographic analysis, mostly due
to their having retention times close to those of the ions of interest.
Research is underway, using resins and/or activated charcoal, In an attempt to
absorb these interfering compounds on pre-columns during analysis.

Analytical Instrumentation - L.A. Chant, P.C. Jay and J.M. Judd

(a) Dionex 21201 Ion Chromatography

Detection limits and linearity (concentration vs response) of
all major anions have been rechecked for the Dionex 21201 to ensure no changes
have taken place over time in instrument response. No changes were detected in
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either detection limits or in linearity. Approximately 1000 routine
samples/month were analyzed for anion content as part of a continuing study of
snowmelt and infiltration processes in the Perch Lake system. The Dionex 21201
was also used for research into the effects of organic acids In lop
chromatographic analysis. The PO^ content of several samples was also
determined for Ontario Hydro (NPD).

(b) Atomic Absorption Spectroscopy

(i) Flame spectroscopy: The 1L 251 spectrophotometer has been
predominantly used for determining Ca, N, K, Mg and Fe concentrations in
environmental samples from research projects. During this period of use failure
of a pressure regulator permitted C2H2 gas to be delivered at >15 p.s.i causing
acetone (used as a solvent for C;>Ho but normally resident in the cylinder) to be
pumped into instrument's gas system and Boling burner. Acetone caused damage to
the valves, flowmeters and seals within the instrument necessitating extensive
repairs. The 1L251 is now back in service.

The 1L3 353 spectrometer, equipped with quartz furnace was put into
service to undertake a contract for the National Uranium Tailings Project.
L.A. Chant determined the arsenic content of >300 samples for this contract.

(ii) Zeeman graphite furnace spectroscopy: The Hitachi graphite
furnace spectrophotometer was used for determining the nickel content of >300
samples as part of the National Uranium Tailings Project contract undertaken by
R.J. Cornett. L.A. Chant is also involved in developing methods to improve
sensitivity and reproductibility of graphite furnaces (including pyrolytic) for
the determination of trace elements, particularly cobalt and nickel.

Hydrologic Data at Perch Lake - P.C. Jay

The stream gauging weirs in the Perch Lake System are routinely
surveyed and water levels are taken manually twice a week and tabulated on the
recorder charts at each weir. These recorder charts are sent to Water Survey of
Canada (Environment Canada) for integration and estimation of flows for all
weirs.

The stilling wells at all weirs have been flushed to remove debris.
The pipe leading to #1 Inlet Stilling Well was found to be blocked by beavers
thus causing a lag time on the recording trace of water levels in the weir. All
heaters at the weirs were turned off for the summer months.

3.5.3 SITE MONITORING

Gamma Exposure Rates in Public Areas near CRNL - A.E. Docherty,
P.C. Beaulieu, J.F. Mattie, W.M. Hartwlck

Thermoluminescence dosimeters 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 radiation. The exposure
rates averaged over the fourth quarter of 1985, the first quarter of 1986 and
the last two calendar years are given in Table 3.5.3A.
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Gamma Exposure Rates at CRNL - A.E. Docherty, P.C. Beaulieu,
J.F. Mattie, W.M. Hartwlck

Shielded (indoor) and (outdoor) gamma ray exposure rates within the
CRNL exclusion area are given in Table 3.5.3B.

Stations 17 and 18 were introduced in the first quarter of 1986 as part
of the monitoring coverage for the NRU heat recovery program.
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Table 3.5.3A Gamma Exposure Rates1 in Public Areas ((iR*.h- )

Location

1

2

3

4

5

6

7

8

132

Harrington Bay

Deep River

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

o
This 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., 9 km east from plant stack.

Fourth Quarter
1985

13.0

5.2

4.0

6.9

4.8

5.2

6.1

10.4

-

7.4

10.4

First Quarter
1986

8.1

4.7

4.1

6.1

4.0

7.9

7.0

8.8

-

6.0

6.6

1984
Average

8.2

4.7

4.0

5.6

4.5

4.6

4.3

6.9

4.6

6.4

5.4

1985
Average

10.5

5.8

5.3

6.5

4.9

5.6

5.9

8.1

5.5

7.5

6.1

*1 R = 2.58 x 10-1* C.kg"1.
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Table 3.5.3B Gamma Exposure Rates1 within the CRNL Exclusion Area

29.5

10.0

17.4

11.3

_

21.1

12.7

9.7

13.6

9.2

20.6

10.4

8.8

10.1

29.9

12.2

12.3

10.4

Location Fourth Quarter First Quarter 1984 1985
1985 1986 Average Average

9 - see Fig. 3.2

10 - First floor office,

Building 513

11 - see Fig. 3.2

16 - Office in CRNL cafeteria

17 - Bldg. 400 & 401 steam
condensate

18 - Bldg. 400 basement - 10.9

Sum of gamma natural background (excluding cosmic radiation) and airborne
contamination from CRNL.

*1 R = 2.58 x lO"4 C.kg-1.

Radionuclides in Precipitation and the Ottawa River - A.E. Docherty,
P.C. Beaulieu, J.F. Mattie, W.M. Hartwick

Precipitation samples collected at Deep River were analyzed
radiochemically 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
3.5.3A and 3.5.3B.

Radionuclides in Liquid Effluents - A.E.Docherty, P.C. Beaulieu, J.F.
Mattie, W.M. Hartwick

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
3.5.3C for third quarter of 1985 and the first quarter of 1986. Most of the
radionuclides are measured by gamma-ray spectrometry. Other releases are shown
in Figure 3.5.3C and Figure 3.5.3D. The daily releases have been calculated
from the measured flow rates and radionuclide concentrations in individual
streams. Plutonium discharges are expressed in terms of activity per day rather
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O O Q O 1± fi

than mass per day. Since we do not distinguish Pu from Pu and the two
isotopes have different half-lives, this is a more meaningful expression; the
values for plutonium therefore represent Pu plus Pu. For comparison with
previous release rates the conversion factor is 1 mCi (37 MBq) = 16.3 mg for
239Pu.

The tritium concentrations, determined by liquid scintillation
counting, are summarized in Tables 3.5.3D and 3.5.3E, together with the
acivities released during the fourth quarter of 1985 and the first quarter of
1986.

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).

Radionuclides in Surface Water - A.E. Docherty, P.C. Beaulieu,
J.F. Mattie, W.M. Hartwick

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 H as well as quarterly for gamma-emitting radionuclides
and Sr. Strontium-90, S0Co and 3H remain the main contaminants in the Perch
Lake basin.

Determination of Iodine 131 & 125 in Milk - P.C. Beaulieu,
A.E. Docherty

Iodine-131 is presently measured by gamma-ray spectrometry on monthly
composite samples.

1 o 1 1 O R

A method for removing I, and I from milk by absorption on anion
exchange resin is being evaluated. Application of the method and design of the
apparatus are almost completed.

NRU Heat Recovery Program - A.E. Docherty, P.C. Beaulieu, J.F. Mattie,
W.M. Hartwick

Since the initial phase of the heat recovery program was put into
effect, flow proportional water samples have been taken from the effluent by
means of a new sampling facility near Building 600. To date, samples analysed
for alpha, beta and gamma radiation show background levels.

Phosphorus-32 Production in NRX Coolant Water - A.E. Docherty

Analysis of NRX coolant samples for P, taken directly from the
effluent, show levels ranging from 57 Bq/L to 310 Bq/L. The higher values could
reflect leaching of phosphorus from fouling of the sand filters in the
pretreatntent of the river water before entering the reactor, lower valves
resulting as cleaned sand filters are brought on line. Investigation into the
source(s) of the activity is continuing.
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Table 3.5.3C Mean Daily Releases from the Process Sewer

Radionuclides

90Sr

i 3 7 Cs

144Ce

106Ru

140Ba

1 3 1 I

239Np

9 5Zr

5V
46Sc

59Fe

65Zn

60Co

Fourth
MBq/d*

48

33

390

53

840

330

1100

780

150

370

180

190

30

Quarter 1985
% of DRL**

l.OxlO"3

l . lx lO" 2

1.7xlO-3

2.8X10-1*

5.4X1O-1*

7.1xlO"3

l . l x l O - 4

3.9X1O"1*

1.3x10-^

2.6xlO-4

1.7xlO-4

6.OxlO"3

2.3xlO"3

1.6xlO"2

l.lxlO,-3

1.6X10,-••

2.7x10i - 1 *

3.4x10,-3

,-5

•Release figures rounded to two significant
**Derived Release Limit. The percent of DRL
from the DRL values given in AECL-7243.

First Quarter 1986
MBq/d*' % of DRL**

32

46

250

30

420

160

200

450

70

150

70

85

51

digits. (1 MBq = 27
figures have been calculated

2.0xl0

2.3x10"

6.4xlO,-5

l.lxlO.-••

6.7xlOi-5

2.7x10,-3

3.6x10,-3
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Table 3.5.3D Tritium in Streams in the Exclusion Area
Fourth Quarter 1985

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

Concentration
MBq/m3

7.1

0.5

4.7

10.5

274

Quarterly Release
GBq

4.6x10"

25

7.3x102

3.4xl03

7.9x103

Percent of
DRL*

5.

2.

8.

3.

9.

2x10"2

8x10"5

3X10-1*

9x10"3

0x10"3

Table 3.5.3E Tritium in Streams in the Exclusion Area
First Quarter 1986

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

Concentration
MBq/m3

1.6

0.8

7.2

11.0

287

Quarterly Release
GBq

1

6

1

7

.5x10**

42

.4xl02

.7xlO3

.OxlO3

Percent of
DRL*

1.7xlO"2

4.8x10"5

7.4X10"4

2.OxlO-3

8.0xl0"3

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 nCi, 1 GBq = 27 mCi.
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Ar in the CRNL Stack Effluent Argon - D.P. Wildsmith, J.F. Mattie

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, C02 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 C02 system.

The results obtained to date for 1986 are given in Table 3.5.3F.

Table 3.5.3F. Measured 1|1Ar Releases from Main Stack - 1986

Samplj

Date

Jan 30

Jan 30

March 13

June 5

Lng

Time

1135

1507

1524

928

NRU

Power MW C0 2

110 46.5%

112 N.Oper.

130 Normal

130 Normal

NRX

Power MW

25.2

25.2

39.0

Not operating

41Ar

TBq.d"1

193

334

273

76

TBq.d"1.MW"1

1.4

2.4

1.6

0.6
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Monitoring of Fallout from the Chernobyl Reactor Accident -
E.L. Cooper, R.M. Brown, R.W.D. Killey, B.A. Risto, J.F. Mattie,
P.C. Beaulieu, W. Workman, Y. Haas

Sampling of Air and Precipitation: A special sampling program was
initiated at the beginning of May in response to the reactor accident at
Chernobyl- Three high volume air samplers were borrowed from Radiation and
Industrial Safety Branch and sampling stations were set up in Deep River,
Petawawa, and near the CRNL outer gate. Each sampler was equipped to collect
particulates and radioiodines. Initially, particulate samples were collected
for 24 hour periods while radioiodines were collected for 4 day periods* Later
on in the program, which lasted until mid June, the sampling period for
particulates was increased to 3 to 4 days.

The filters were analysed for total beta and gross alpha activities as
well as for gamma emitters. The total beta activity measured 3 to 5 days after
collection was elevated during the period from May 9 to May 20. Peak values
ranged from about 10 to 30 times normal. The air concentrations returned to
normal for the period of May 21 to 23 and then rose again around May 24. By mid
June the levels had again declined to normal. The presence of I, Ttu,

Cs, Zr, Nb and Cs was detected on some filters by gamma ray
spectrometry. The concentration of I in air peaked at about 20 mBq.m"
during the period May 9 to 13.

An additional precipitation collector was deployed near the CRNL outer
gate and samples of rain water were collected in Deep River and Petawawa as
well. Most storm events provided only small samples for analysis by gamma ray
spectrometry. No unusual radioactivity was detected in the rain water which
fell in the area around CRNL.

All of the results indicate that the accident at Chernobyl presented no
significant health risk to people living in this area.

Possible *'<C02 from Chernobyl; During the period of fallout from the
Chernobyl accident, atmospheric1HC02 was sampled over 3 day intervals by
exposing trays of NaOH solution at 3 sites 10-20 km distant from CRNL. All
three sites showed a slight rise and fall in C concentration during May,
concentrations being O.27+.O2 Bq/gC (120±8 percent niodern £arbon) at the
beginning and end of the month and 0.31+0.01 Bq/gC (138+4 pmC) during May 9 to
16, with a rise again to 0.30+0.02 Bq/gC (134±8) in mid-June. Fluctuations of
similar magnitude were observed at two of these sites in the summer of 1982,.but
in view of the facts that NRX reactor is no longer releasing CO2 and the C
concentrations at the three sites rose and fell together in step with fission
product fallout, there is the suggestion that C from Chernobyl was detected.
Measurements on a weekly basis are being continued at one site to see if any
long term increase is evident.

Analysis of Samples Collected in Romania: A number of surface
deposition samples were sent to CRNL from Romania. Analysis by gamma ray
SDectrometry revealed the presence of lh*Ce, 1*1Ce, U 1 I , 103Ru, 140Ba, ^ 3 C
132Te/132I, 95Zr, 95Nb, m C s and 140La. The quantities of individual isoto

'Cs,
The quantities of individual isotopes

found ranged from less than 1 to several 10's of Bq in these samples. Rather
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surprisingly, we found that the concentrations of other fission products were
similar to the concentrations of I in the samples.

When one of the samples was examined with an end window counter it was
found that the radiation seemed to be emanating from a small area.
Autoradiographs of this sample revealed the presence of 1 more intense zone of
radiation and several less intense ones. The hottest particle was removed and
analyzed by alpha spectrometry. The dominant alpha emitter present was
shorter-lived Cm (» 0.05 Bq in the particle); however, smaller amounts of
239Pu + 2it0Pu (« .02 Bq) and Pu + Am (« 0.01 Bq) were also found.

Reactor 3H and lhC Deposition within a 40 km Range of CRNL -
R.M. Brown, W. Workman, Y. Haas

At the beginning of March snow cores and white pine needles were
collected at 70 sites extending up and down the Ottawa Valley from CRNL to
measure the deposition of reactor HTO in the winter's snowfall and to observe
the distribution of HTO, organic-bound tritium (OBT) and C in the local
vegetation. Analyses to date indicate the distribution pattern is similar to
that of HTO observed in 1976 February snow cores and 1978 June poplar leaves.
Reactor tritium is detectable above background levels over an elongated plume
extending 90 km along the valley with a width of about 15 km. Tritium
concentrations in the snow pack were similar to levels observed in 1976 around
CRNL but were significantly lower than in the prior survey around NPD. HTO
concentrations in pine needle moisture were found to be 2-3 times those of the
snow pack. This is surprising since it is considered that foliage moisture is
in relatively close equilibrium with atmospheric moisture, hence comparable to
precipitation. The OBT/HTO ratio in the pine needles was in the range 0.4 to
1.0 in contrast to many reported measurements in the 1-3 range. These results
suggest the free HTO of the pine needles was unusually high at the time of this
sampling, perhaps reflecting high soil HTO concentrations. A survey of HTO
levels in summer foliage and soil moisture will be done.

14
C levels were found to be significantly lower around NPD than around

CRNL, being 20% above background atmospheric level at the NPD station compared
to 80% at the CRNL stack. In the vicinity of CRNL, concentrations in pine
needles were similar to levels measured in grass and poplar leaves at the same
sites in 1982.

CRNL Climatological Report - P.C. Jay

Monthly meteorological data including maximum and minimum temperatures
and precipitation are sent to the Atmospheric Environment Service in Toronto in
cooperation with other network stations across Canada.

April 1, 1986 had a record temperature of 26.5°C. May had the
greatest monthly rainfall in the last 23 years with a total of 152.3 mm. Rain
occurred on 18 out of 31 days.
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Meteorological Monitoring for Atmospheric Dispersion Studies -
E. Robertson, F.C. Brown, W.J. Beattie

A direct check, between wind speed and direction signals transmitted by
radio telemetry and Bell lines has shown good agreement between the two
methods. Currently the radio telemetry system is being maintained as a back up
for the Bell line.

Manual chart abstraction and data entry to computer files is being
continued for selected periods pending completion of an automated data
acquisition system. Work on the latter system is proceeding as system
components become available.

CRNL Management of Non-Radioactive Wastes - R.W.D. Killey, J.H. Munch

Results of the surface study around the non-active dump have been
reviewed by the Environmental Authority and the Environmental Research Branch.
Analyses for H and major anions of 2 small streams downgradient of the disposal
area showed slight contamination (well below drinking water guidelines) by
tritium, sulphate, and chloride. Periodic sampling and more comprehensive
analyses of these streams, possibly followed up by a groundwater study, was
recommended.

Port Hope Contaminated Soils - J.H. Munch, R.W.D. Killey

During the delivery to CRNL of the contaminated soils now stored in
Waste Management Area F, samples were taken from each truck and bulked into 35
200 L drums. These drums were stored outside, and during the past 7 years many
of them have corroded severely. Prior to their disposal, we have attempted to
obtain at least approximate data for Ra-226 and Th-232 concentrations in the
soil. The drums were set out In a grid (with 10 m spacing between barrels)
adjacent to the storage area. A portable hyperpure germanium detector coupled
to a multichannel analyser was placed on contact with the barrel at least 2
locations around each drum and gamma spectra were recorded. Samples of contents
from 3 of the drums were collected following homogenization, and these are
currently being analysed on a calibrated Ge(Li) detector. Results from these
samples will be used to determine the efficiency of the field counting.

3.5.4 MONITORING IN ASSOCIATION WITH OUTSIDE AGENTS

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 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 (N03~, NH^"), chloride (Cl~), metal ions
(Na+, K+, Ca"1^, Mg"1"4"), pH and electrical conductivity.
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In December 1983, at the request of the then 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 3.5.4A lists the
precipitation events and pH values for the period 1986 January 01 to
June 30. During this period there have been 63, pH measureable, precipitation
events having a mean pH of 4.37. This compares with a total of 64 precipitation
events having a mean pH of 4.28 for the same period in 1985. The total
precipitation amounts for these two periods were 403.0 mm and 383.6 mm
respectively.



Table 3.5.4A Precipitation Events pH
1986

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

Total
Mean pH

January

Amount
(mm)

4
3
1
3

1

1

2
12
1

22

5
1

56

pH

4.6
4.8
4.2
4.1

4.2

4.1

3.8
3.9
4.4

4.2

5.1
4.8

4.35

February

Amount
(mm)

1

2

2
2
1
11

19

PH

4.3

4.0

4.2
3.4
3.4
4.3

3.93

March

Amount
(mm)

1
2

7

14
16

3

4
2

6
3
2

60

pH

4.3
4.0

4.4

4.5
4.1

3.9

4.1
4.1

4.4
4.1
4.0

4.17

April

Amount
(mm)

7
5
5
5
1
4

13
9

49

pH

4.1
4.3
4.5
4.8
4.8
5.2

4.2
4.3

4.54

May

Amount
(mm)

9

4
16
7

1
4
7
17
8
14
1
26

5
23
142

pH

4.

4.
4.
4.

3

3

9
4
8

9
4.0
3
4
5
6
4
5

4
4

4

9
.8
0
.4
4
.0

.4

.6

.63

June

Amount
(mm)

1

25

8

9

2

2
1
10
7

6
2

•
4

77

I

4

4

5

4

4

3
4
5
5

4
4

5

4

.0

1
i.6

.5

.7

.4

.9

.3

.1

.2

.1

.3

.3

.62

.p-

.p-
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3.5.5 COMMERCIAL APPLICATIONS

As and Ni Geochemistry in Lake Sediments - R.J. Cornett, L.A. Chant,
B.A. Risto

A contract to measure the distribution of nickel and arsenic in water
and sediments in Moira Lake has been completed. Approximately 500 As and Ni
samples were analyzed using double beam atomic adsorption spectrophotometry for
As and graphite furnace atomic adsorption spectrophotometry for Ni. Additional
funding for measurements of other geochemical parameters in the samples was also
obtained. Measurements of the organic carbon concentration, and major inorganic
constituents (Fe, Si, Mn, Mg, Ca and Ba) were performed in collaboration with
General Chemistry Branch. Additional measurements of the composition of the
sediment porewaters included anion analyses and many of the cation analyses
mentioned previously.

Lead-210 Radiochemical Analyses - R.J. Cornett, B.A. Risto

We have completed the analyses of approximately 100 samples for Pb-210
analyses in environmental samples. This contract required the analyses of very
low levels of activity with certified reference materials as a quality assurance
test. All of the work was completed to the contractor's satisfaction before the
end of the fiscal year.

Movement of Ra and Ba through Shield Lake Systems - R.J. Cornett,
L.A. Chant, B.A. Risto

We have received a contract to measure the movement of Ra-226 and
Ba-133 through shield lake systems. In response to this request, we have
designed experimental additions of these two radiotracers to small enclosed
sediment-water systems in Perch Lake. The activity of the tracers will be
analysed with gamma spectroscopy supplemented with chemical extractions and
liquid scintillation counting. These experiments will provide quantitative
estimates of the rate that these nuclides are transferred between the sediments
and water in shield lakes.

Tritium Safe Handling Course - R.M. Brown, W. Workman

This CFFTP-sponsored course was presented again at Ontario Hydro,
Toronto, and CRNL May 5-9 to 28 attendees. This time the Chalk River portion
of the course consisted of lab sessions in each topic as well as the lectures
given previously. In the Environmental Tritium portion, participants performed
experiments demonstrating the extraction and measurement of HTO and
organic-bound tritium in local pine needles and measurement of HTO in the
laboratory air. Emphasis was on the requirements for valid measurements at the
low levels occurring in environmental samples.
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Subsurface Uranium and Arsenic Migration in the Town of Port Hope -
R.W.D. Killey

The Low Level Waste Management Office (LLWMO) is currently funding a
program to determine the requirements for a final clean-up of sites in the Town
of Port Hope still containing historic wastes from radium and uranium refinery
operations. As part of that program, the Environmental Research Branch was
asked to review existing information on the subsurface movement of uranium and
arsenic from the largest remaining areas of contaminated soils and to propose a
limited experimental program to supply data necessary for assessment modelling.
There is one spring that is currently discharging both contaminants at levels
sometimes above drinking water guidelines. The review has shown a limited base
of data on groundwater flow directions and velocities that is adequate for
initial assessments, but an almost total lack of information on the chemical
behaviour of U and As in the system. A program to provide initial information
on geochemical behaviour has been submitted to the LLWMO.

Transfer of Radiotracer Technology - E.L. Cooper

The group which was previously providing radiotracer services has been
disbanded and these services are now being offered through the Environmental
Research Branch at CRNL. Earlier this year all the necessary equipment was
transferred from Kanata to CRNL.

Development of Radiotracer Technology - E.L. Cooper, B.A. Risto,
W.J. Workman, J.F. Mattie, J.L. Young

Previously we reported (PR-HS-20) that we had developed a method for
labelling centimetre-sized particles with a radioisotope plated on a small
wire. A number of particles have been labelled with inactive wires and tested
in a fluidized bed. Unfortunately the cement which was used to seal the wires
in the particules did not hold during the test. We are currently searching for
a more suitable cement.

During the first quarter we received a contract to measure the mixing
of two liquids in a large, open tank. A method was devised to label the minor
component with a short-lived radioisotope so that its concentration could be
monitored as a function of time and location within the tank. In order to
perform the experiments, we had to develop an injection system as well as
several multiple sampling systems. The work was complicated by the flammable
nature of the major component used in the mixing study and by the tight schedule
specified by the client. The experiments, which were completed successfully
before the end of March, provided us with valuable experience in conducting
mixing studies.

Nuclear Instrumentation for Radiotracer Studies - E.L. Cooper

A small volume scintillation flow cell was built by wrapping small bore
tubing around a cylinder of plastic scintillator coupled to a photomultiplier
tube. This flow cell has been used for several months to monitor the
concentration of Sr + Y eluted from a soil column. We are currently
revising the design of this counter by adding an annular guard counter. This
should improve the sensitivity of the flow cell by decreasing the background.
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A larger volume scintillation flow cell has also been designed and is
currently being fabricated from plastic scintillator. This cell will be used to
measure the concentration of rare gas radiotracers in gas streams. It will
allow us to measure concentrations online instead of having to collect samples
for analysis in the laboratory.

In radiotracer studies we often have to place scintillation probes some
distances away from the rest of our electronics. The preamplifiers which are
currently used in our probes require external high voltage which must be
provided through a long cable. This is not only inconvenient but also
hazardous. We have found a supplier for a commercial preamplifier which
operates on internal batteries and also provides the high voltage for the
detectors. The performance of a demonstration unit has been evaluated at CRNL
and we have issued a purchase order for two units* Each probe will consist of a
scintillation detector and preamplifier/high voltage supply in a water-tight
housing.
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3.6 PUBLISHED PAPERS, REPORTS, PRESENTED PAPERS, INFORMAL TALKS

3.6.1 PUBLISHED PAPERS

Beattie, W.J. Calibration/test unit for wind-signal converter circuit boards.
PHS-ER-1.

Brown, R.M. and W. Workman. Experiments on the measurement of tritium in
environmental materials. CRNL-2739-7.

Cornett, R.J. and L. Chant. Speciation of arsenic and nickel in sediments of
Moira Lake. Commercial contract report, CRNL-4029.

Cornett, R.J. Transport of Co between water and sediments in a small shield
lake. Canadian Journal of Fisheries and Aquatic Sciences, 43: 877-844.

Cornett, R.J. and F.H. Rigler. Simple method of measuring seston respiration in
oligotrophic lakes. Canadian Journal of Fisheries and Aquatic
Sciences. In press.

Cornett, R.J. and F.H. Rigler. Decomposition of seston in the hypolimnion.
Canadian Journal of Fisheries and Aquatic Sciences. In press.

Inch, K.J. and R.W.D. Killey. Surface area and radionuclide sorption in
contaminated aquifers. Submitted to Water Pollution Research Journal
of Canada.

Killey, R.W.D. Preliminary surface evaluation of contaminant migration from the
CRNL inactive waste landfill site. CRNL-2965.

Lee, D.R. and K.H. Whitlock. New fishing tool. Ground Water, 24(2):234-235.

Moltyaner, G.L. Mixing cup and through-the-wall measurements in the field-scale
tracer tests and their related scales of averaging. Submitted to
Journal of Hydrology.

Moltyaner, G.L. Stochastic versus deterministic: a case study. Hydrogeologie,
No. 2, 1986, BRGM, France.

Serrano, S.E., G.L. Moltyaner and T.E. Unny. Randomly-forced flow in a phreatic
aquifer. A case study on uncertainty analysis. Submitted to Water
Resources Research Journal.

3.6.4 LECTURES AND TALKS

Brown, R.M. Tritium in the environment. CFFTP Tritium Safe Handling Course,
1986 May 7.

Cooper, E.L. An investigation into inadvertent releases of radioactivity
through a storm sewer system. Presented at the Annual Meeting of the
Canadian Radiation Protection Association, Quebec City, 1986 May 4-7.
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Cornett, R.J. Transport of Co between water and sediments in a small shield
lake. Canadian Society of Limnologists Annual Meeting, 1986.

Cornett, R.J. The adsorption and desorption of trace elements from shield lake
sediments. Invited talk, Trent University Centre for Aquatic Research,
1986 April.

Cornett, R.J. The use of radionuclides to study the movement of contaminants
through surface waters. Invited talk, Ministry of the Environment for
Ontario, Dorset Research Centre, 1986 April.

Cornett, R.J. Modelling radionuclide movement through lake systems. Talk
presented to Institute for Environmental Studies, University of
Toronto, 1986 April.

Cornett, R.J. Microwaves and chemical processing. CRNL, "Food with Thought"
lunch time seminar series, 1986 April.

Cornett, R.J. An evaluation of the "Food with Thought" concept. Seminar
presented to the CRNL lunch time seminar series, 1986 May.

Cornett, R.J. Creativity and Unit 2000. Seminar presented to CRNL summer
students lecture series, 1986 June.

Gentner, S-R. Radionuclide modelling of a freshwater ecosystem. Branch
seminar.

Judd, J.M. Evaluation methods in Interlab Comparison tests. 1986 June. Branch
seminar.

Lee, D.R. Towing sensors through sediments to locate underwater springs and
contaminated areas of lakebeds. Canada Centre for Inland Waters,
Burlington, 1986 January 20.

Lee, D.R. Hydrogeologic studies in support of the AECL Nuclear Fuel Waste
Management Program Concept Assessment. Invited lecture, Department of
Geology, University of Windsor, 1986 January 22.

Lee, D.R. Surface-water/groundwater connections in Precambrian Shield terrain.
Wisconsin Geological and Natural History Survey, Madison,
1986 February 17.

Lee, D.R. The interest of AECL in Nipigon moose licks. Seminar for Ministry of
Natural Resources Staff, Nipigon District, 1986 April 7.

Lee, D.R. Environmental Research tour for Science Teachers, 1986 April 11.

Lee, D.R. Tour of Environmental Research activities at CRNL for Interregional
Training Course in Management and Disposal of Radioactive Wastes, IAEA,
1986 May 28.

Milton, G.M. An outline of the Environmental Research Program at CRNL,
1986 May 30 to the Isotope Hydrology Section, The Institute of
Hydrogeology and Engineering Geology, Shijiahuang and 1986 June 10 to
the Environmental Science Department, Wuhan University, both in the
People's Republic of China•
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FIGURE 3.5.3A: Monthly Average Concentration of Cesium-137 and
Strontium-90 in the Ottawa River at Rolphton,
Deep River and Pembroke during 1985.

*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 105 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 3.5.3B: Monthly Average Concentration of Cesium-137 and
Strontium-90 in the Ottawa River at Rolphton,
Deep River and Pembroke during 1986.

*Health and Welfare Canada's recommended target concentrations for
Cesium-137 and Strontium-90 in drinking water are 5 x 1C>3 Bq.nF and
1 x 10 Bq.m , 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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4.2 AIMS OF THE BRANCH

Research in the Radiation Biology Branch is directed towards improving
our understanding of the effects of ionizing radiation and other toxic agents on
living cells and of the response of cells to these challenges. Since 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 SCREENING HUMAN POPULATIONS FOR ABNORMAL BADIO5ENSITIVITT
- N.E. Gentner, D.P. Morrison, B.P. Smith, T.L. Joyce and G.M. Norton

There exists in the human genome a repertoire of genetic loci, each of
which, if mutated, can significantly increase cancer risk. This holds also for
radiogenic cancer: persons manifesting a radiosensitive phenotype are at
elevated risk of cancer (for details see Topical Summary, PR-HS-19, pp.1-7:
"Impact of studies on cultured human fibroblast strains displaying abnormal
carcinogen sensitivity"). This has the potential to substantially affect how we
view the distribution of risk: the average degree of protection implied by
regulations which aim to provide radiation protection will not be achieved for
all persons if there exist sensitive subgroups at elevated risk.

A major program to evaluate these effects has just been approved (1986
June 19) by the Atomic Energy Control Board. This project, "Screening human
populations for abnormal radiosensitivity" ($545K, 2iy; 50% AECB, 50% AECL)
encompasses the following three major phases to achieve its goals and purposes:

Phase I would assess two rapid screening procedures for cell survival
following ionizing radiation exposure — cell sizing analysis and a soft
gel assay for colony-forming ability — using immortalized lymphoblastoid
cells to measure the degree of donor sensitivity. The assays would be
validated by comparing cells from normal persons with those derived from
donors with demonstrated radiosensitive disorders and from donors who are
carriers of such genes.

Phase II would apply these screening methods, perhaps in part to an
atomic radiation-worker population such as at CRNL and certainly to
members of the population-at-large, in order to establish an estimate for
the proportion of putatively-sensitive persons. The range of normals
would also be defined, and with this input we would continue to improve
the reproducibility and accuracy of our assays. Phase II establishes the
incidence in the test population of persons at presumptive elevated risk
of fatal cancer, especially to those that occur early, such as during a
person's working lifetime.

Phase III would apply these screening methods, developed in Phase I and
refined in Phase II, to an unselected population of cancer patients; the
fate of these patients would be followed prospect!vely. This is
necessary in order to evaluate the extent to which persons in a class
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identified as abnormally radiosensitive are prone to elevated incidence
of fatal and non-fatal cancers. The ratio of the frequency of
radiosensitivity in the cancer patient population to that in the normal
population would provide an estimate of the extent of increased risk in
this subpopulation of persons identified as abnormally carcinogen
sensitive. This determination needs to be carried out because, using the
radiosensitive disorder ataxia-telangiectasia as a paradigm, while AT
heterozygotes will be among those found in such a subpopulation, so may
significant numbers of other genotypes. A figure of 2 to 10-fold
Increased risk of fatal cancer applies to AT heterozygotes; for risk
assessment purposes it is imperative that we obtain an estimate of the
overall degree of increased risk for all such persons with a
radiosensitive phenotype.

It may be emphasized here that the assay need be done only once for any
one person. As the test is indicative of the effect of a person's genetic
constitution via-a-vis carcinogen challenge, a single result (obtained at any
time during a person's lifetime) serves to define dcnor status.

Compelling reasons exist for undertaking development and application of
such a screening program. It promises to revolutionize the way we look at risk,
by protecting the actual individual and not some average person.

4.4 EFFECT OF COMBINED Y-RAT/HITOMTCIH C EXPOSURE IN NORMAL AND DBA
REPAIR-DEFECTIVE CULTURED HUMAN FIBBOBLASTS
- N.E. Gentner, P. Unrau, D.A. Adams and L. Moeck

Gamma-ray exposure of living cells results in the formation of a wide
variety of DNA lesions, the majority of which fall into or are manifested as
these major classes: single-strand breaks, base/sugar damage, double-strand
breaks (DSB's). These latter, although numerically less frequent than the first
two classes, make a substantial contribution in many living organisms to
biological consequences such as cell killing. The chemical carcinogen and cancer
treatment drug mitomycin C (MMC) is a bifunctional DNA-damaging agent that forms
both mono- and diadducjts in DNA: the diadducts constitute DNA-DNA interstrand
cross-links and are deemed to account for the major portion of the cytotoxic
effect of MMC. Both DSB's and cross-links are 'coincident' damage in that both
strands of DNA are affected in closely proximal regions, and would seem to
require the action of a recombinational mode of repair for their restitution. If
the same repair pathway effected amelioration of either type of damage, then the
presence of both simultaneously would 'saturate' the DNA repair system, since
they would be competing with each other for a limited repair capability.
Simultaneous exposure to a number of carcinogens represents the "real-life"
situation; hence a proper knowledge of possible interactions between DNA-damaging
agents is essential to an informed assessment of the risks incumbent on exposure
to low levels of ionizing radiation. Additionally, such studies furnish
information germane to the mechanisms mediating repair processes.

We had anticipated a synergistic effect, with respect to cell killing, on
combined exposure of normal human cultured fibroblasts to MMC and Y-rays. No
such synergism was evident: rather, the two agents were found to act
independently. This suggests that, in normal cells, effectively different DNA
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repair pathways handle the major potentially lethal or sublethal DNA lesions
induced by these two agents. If it is correct that DSB's and cross-links are the
critical damage types induced by Y-rays and MMC, respectively, it means that
these two types of 'coincident' DNA damage are not handled by the same
recombinational repair process.

4.5 TAY SYNDROME: A POSSIBLE NEW ULTRAVIOLET A/B-SENSITIVE PHEHOTYPE

- N.E. Gentner, D.P. Morrison, M.M. Werner, D. Marcoux1 and
K. McCuag2

Tay syndrome (TS) is a recently described genetic disorder manifesting
congenital ichthyosis [dry, horny epidermis] and trichothiodystrophy
[sulfur-deficient brittle hair]. Short stature, intellectual impairment and
decreased fertility are associated. Recent clinical reports of pronounced
photosensitivity to UV-A and/or UV-B wavelengths associated with this syndrome
(e.g. 7s exposure at 0.5m from a GE sunlamp for skin erythema, versus 4-5 min
exposure for normal persons) led two physicians from the two Montreal childrens1

hospitals to request our collaboration in conducting laboratory studies. We
readily agreed, because if the degree of hypersensitivity indicated by the skin
erythema studies should hold at the cultured cell level, such response is unique
among photosensitive genetic disorders and would represent valuable source
material for study of DNA repair mechanisms. Moreover, this disorder is
extremely rare, and no other patients were evident. Our contribution to the
clinical picture would be to define a putative hypersensitivity to indicate
whether prophylactic, symptom-ameliorating action was warranted.

Both blood samples (for establishment of lymphoblastoid cell lines
[LCL's]) and 3mm skin biopsies (for establishment of primary fibroblast [FB]
cultures) were taken from each of two TS patients. This necessitated our
travelling twice to Ste.-Justine Hospital, Montreal, to ensure proper handling
and to transport the cell samples back to CRNL for immediate work-up. In
addition both parents of one of the TS patients were sampled. Relevant strain
information is tabulated below:

TS STRAINS ESTABLISHED AT CRNL

Family

1

2

Donor

5y; male

30 y; female

30y; male.

20y; male

Genetic Information

Proband; TS patient

Mother of proband;
TS het.

Father of proband;
TS het.

Proband; TS patient

LCL Strain No.

TS1

TS2

TS3

TS11

FB Strain No.

TS101

TS102

TS103

TSUI

1 Dept. of Dermatology, Ste.-Justine Hospital, Montreal
2 Dept. of Dermatology, Montreal Sick Childrens1 Hospital



4-6

All 4 FB cultures are established and are being amplified for preparation
of seed cultures. LCL cultures from the two probands are available and we hope
to have the two parents of TS1 established as LCL's shortly.

A preliminary survival analysis of TS101, TS102 and TSUI is in progress.
UV-A (365nm), UV-B (313nm) and UV-C (254 nm) wavelength CFA response will be
assessed first.

4.6 FADU ASSAY IN CULTURED HUMAN FIBROBLASTS AND LYMPHOBLASTOID CELL LIMES
- N.E. Gentner and L.D. Johnson

We have been investigating the application of the FADU (fluorescence
Assay of DNA £nwinding) technique, devised by Dr. H.C. Birnboim at CRNL, to
cultured human fibroblast and/or lymphoblastoid cell lines. The goal is
sensitive (low dose) measurement of single-strand breaks (SSB's), either those
directly induced by the carcinogenic treatment employed or those arising at sites
where DNA repair has occurred as a consequence of incubation in the presence of
cytosine g-arabinoside, which inhibits 'long-patch' DNA repair (see Sect. 4.10;
PR-HS-20).

The lymphoblastoid cell lines are 'immortalized* and grow in suspension
culture. Primary fibroblast cultures, in contrast, grow attached, in monolayer,
and need proteolytic digestion (trypsin is usually employed) to obtain a
population of separated cells in suspension, such as is utilized for
post-carcinogen survival studies. We have observed that trypsinization causes
FADU-detectable damage. This may in part be analogous to that formed as a
consequence of ionizing radiation exposure. This finding has possible profound
implications, which we are investigating, for survival analysis in cultured
fibroblast strains.

4.7 POST-CARCINOGEH COLONY-FORMING ABILITY ASSAYS ON CULTURED FIBKOBLASTS
FROM A CANCER PATIENT DISPLAYING AN ABNORMAL RESPONSE TO RADIOTHERAPY
- N.E. Gentner, M.C. Paterson^, B.P. Smith, G. Norton, L. Courchesne
and C. Danjoux^

A female cancer patient at the Ontario Cancer Foundation (OCF), Ottawa
Clinic, had exhibited an adverse reaction (fatal response within about one month)
to ionizing radiation delivered as part of a conventional tumour management
protocol. This patient had received external yirradiation as well as subsequent
internal irradiation from an implanted source. Clinical observation of severe
tissue damage arising in the field of exposure suggested a pronounced cellular
sensitivity to the cytotoxic action of the treatment modality. Physicians at the
Clinic were unable to account for this abnormal radiotherapy response, and
requested us to examine cultured fibroblast cells obtained from this donor for a
possible hypersensitive phenotype, with particular emphasis on low LET ionizing
radiation. Because of our interest in the contribution which radiosensitive
cancer-prone persons make to the overall cancer risk and to the distribution of
risk as regards radiogenic cancer, we agreed.

1 Presently in Molecular Genetics and Carcinogenesis Program, Cross Cancer
Program, Cross Cancer Institute, Edmonton.

2 Head, Radiation Oncology, Ontario Cancer Treatment
and Research Foundation, Ottawa Clinic.
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A skin biopsy was obtained prior to the demise of this patient, and a
primary fibroblast culture established at adjacent laboratories in the Childrens*
Hospital of Eastern Ontario (CHEO), Ottawa. This strain, designated S08657, was
then sent to CRNL where we tested it for post-carcinogen treatment polony-forming
ability (CFA) against a panel of agents chosen to represent the formation of
major critical classes of DNA damage. These results are tabulated below:

POST-CARCINOGEN EXPOSURE COLONY-FORMING ABILITY OF STRAIN S08657 (OCF/CHEO)

Agent Strain D ^ + SEa

50Co yrays S08657 3.89 + 0.18 Gy
(acute dose delivery)

Composite normal15 3.74 +^0.11 Gy
(19 strains; 53 experiments)

Mitomycin C S08657 0.423 + 0.020 g'ml"1^

Composite normal 0.425 HH 0.031 g*ml~1#h
(16 strains; 52 experiments)

Methylnitrosourea S08657 1.330 + 0.037 mM'h

Composite normal 1.376 + 0.039 mM'h
(17 strains; 34 experiments)

Ultraviolet S08657 13.607 + 0.877 J'm~2

(254 nm)
Composite normal 14.607 + 0.877 J*m~2
(16 strains; 40 experiments)

a Dose or fluence necessary to reduce survival to 10% + standard error of the
mean, as determined by least-squares linear regression analysis

b Average survival response of control strains from unrelated normal donors whose
ages at time of skin biopsy spanned the first nine decades.

In brief, this strain exhibited a cytotoxic response, to all four agents
tested, which was indistinguishable from our "composite normal" response; this
includes a normal response to ̂ Co y-rays delivered acutely in oxia. These
results were obtained in part concurrent with our fulfilling U.S. NCI Contract
N01-CP-21029 (Basic), "In vitro radiosensitivity and DNA repair in genetic
syndromes and families at high risk of malignancy" (M.C. Paterson, Principal
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Investigator; N.E. Gentner, Project Manager), and draw heavily on the 'normal
response' data accumulated there.

The above data would appear to offer no explanation as to why this
patient succumbed to conventional ionizing radiation therapy. However, we have
become increasingly aware of the resolving power of chronic (compared to acute
dose delivery) ionizing radiation exposure in detecting radiosensitive
phenotypes. Dose protraction can have a marked effect on eliciting a significant
radiosensitive response; recent data from our laboratory on the radioresponse of
Roberts ('pseudothalidomide1) syndrome strains exemplify this [see Sect. 4.8]:
such strains show a normal response on acute y-tay exposure but a clearly
radiosensitive response subsequent to chronic exposure.

We therefore consider it imperative to perform chronic y-r&y exposure CFA
experiments on strain S08657, especially since the implanted y-*ay source used,
which may have been the proximal cause of the demise of this donor (patient), was
in essence a chronic exposure treatment modality. We regard this enterprise as
an important part of the screening program we are embarking on [Sect. 4.3]:
demonstrating to oncologists the value and applicability of our results to
treatment will facilitate further interactions.

4.8 ROBERTS SYHDROME BELONGS TO THE LIST OF RADIOSEHSITIVE PHEHOTYPES
- N.E. Gentner, B.P. Smith, L. Moeck and G.M. Norton

Roberts syndrome (RS) is an autosomal recessive developmental disorder
characterized by substantial pre- and post-natal growth retardation, symmetrical
limb reduction, and craniofacial abnormalities. We had earlier identified a
cardinal laboratory marker associated with this heritable condition: pronounced
hypersensitivity to agents, such as the anti-neoplastic drug mitomycin C (MMC),
that form DNA-DNA interstrand cross-links as part of their spectrum of DNA damage
(Sect. 4.7; PR-HS-20).

On acute exposure to low LET (̂ Ĉo yrays) ionizing radiation,
cultured fibroblasts from donors manifesting the autosomal recessive development
disorder termed Roberts or pseudothalidomide syndrome (RS) exhibited a survival
response (Sect. 4.9, PR-HS-20 and table below) statistically indistinguishable
from normal, although clearly on the low side of normalcy.

On exposure to the radiomimetic drug bleomycin, the two independent
Roberts strains exhibited an apparently hypersensitive response, with a dose
reduction factor (DRF = D^g, normal strain v D^Q, Roberts syndrome
strains) s 1.8. This result, coupled with the demonstrated hypersensitivity of
RS strains to high LET ionizing radiation (14 MeV neutrons; see Sect. 4.9;
PR-HS-20), led us to examine the sensitivity of RS strains to low LET ionizing
radiation when delivered chronically; this is the technique we had exploited
earlier to enhance detection of mildly radiosensitive phenotypes such as
exhibited by ataxia-telangiectasia heterozygotes. The RS results are tabulated
below:
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POST-Y-RAY COLONY FORMING ASSAY OF ROBERTS SYNDROME vs NORMAL
CULTURED FIBROBLASTS

Exposure mode
[dose rate]

Strain
[phenotype]

No. of
experiments

A ( 2 )

Acute
[~lGymin"l]

"Chronic"

[-5x10 G y m m

Composite
normal(3)

R22 [RS]

R23 [RS]

Composite
normal

R22 [RS]

R23 [RS]

59
(20 strains)

4

2

20
(7 strains)

4

4

3

3

3

9

5

5

.75

.04

.06

.08

.58

.72

+ 0.11

+ 0.35

+ 0.42

+ 0.68

+ 0.93

+ 0.57

Gy

Gy

Gy

Gy

Gy

Gy

0

0

0

0

.164

.176

.0078

.0012

(1) Dose needed to reduce survival to 10% + standard error of the mean, as
determined by least squares linear regression analysis.

(2) Probability value, comparing indicated strain to composite normal, using the
two-tail t_ test of Tarone et_ al_. (Mutat. Res. Ill: 79, 1983).

(3) Average survival response of a number [see third column] of control strains
from unrelated normal donors whose ages at time of skin biopsy spanned the
first nine decades.

(4) p <0.05 is taken as being radiosensitive(S).

RS thus clearly belongs to the growing list of heritable human disorders
associated with radiosensitivity. We are now testing cultured fibroblast
strains obtained from each of the two parents of R22 and R23, in order to
determine whether heterozygous carriers of the RS gene also exhibit significant
radiosensitivity.

The present experiments further illustrate the remarkable power of
chronic exposure in enhancing a radiosensitive response. This occurs presumably
because normal, DNA repair-competent strains can repair some of the damage as it
is being formed; relatively repair-deficient strains gain less survival advantage
from dose protraction.

4.9 CARBTKBS OF THE ROBERTS SYHDROME GENE SHOW INTERMEDIATE CARCIKGEH
KIPERSEHSITIVITY
- N.E. Gentner, B.F. Smith and L. Moeck

Since the patients for Roberts syndrome (RS) have to receive two 'bad'
copies of the gene responsible — one from each parent — It follows that
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heterozygotes or carriers (one 'bad1 and one normal copy) of the RS gene are much
more numerous Chan patients or homozygotes. RS carriers, like heterozygotes for
most such disorders, are apparently normal, asymptomatic persons w'uo are only in
rare instances overtly identifiable, i.e. when they mate with another such
carrier and produce (1 in 4 probability per birth) a RS offspring. The ability
to discriminate RS heterozygotes from normal persons would have utility in
identifying RS carriers, in a family lineage where the presence of the gene was
known, for example. Such a method would also identify a subgroup at possible
increased risk of cancer and for whom a dose-modifying factor may have to apply
to the use of agents such as mitomycin C in chemotherapeutic cancer management.
We thus examined the response of both the parents of each of two independent RS
strains, compared to normal, in the cultured fibroblast CFA assay. These results
follow:

POST-MMC CFA IN CULTURED FIBROBLAST STRAINS FROM RS PATIENTS AND
THEIR PARENTS*1)

Strain Designation No. of
experiments

D 10 -1 -1
Pg-ral -h

Composite 56
(18 strains)

0.488+0.037

R22

S2396

S2397

Proband;
RS patient

Mother of R22;
RS Het.

Father of R22;
RS Het.

0.111+0.059 4.40

0.483+0.059 1.01

0.279+0.043 1.75

R23(=S6001)

S6OO2

S6OO3

Proband;
RS patient

Mother of R23;
RS Het.

Father of R23;
RS Het.

O.1O7+O.O13 4.56

0.288+0.040 1.75

0.351+0.023 1.39

(1) Parents are consider obligate heterozygotes ['RS Het.1]
(2) Dose reduction factor; 1>IQ, composite normal -5- D^o> indicated strain
(3) Average survival response of control strains from unrelated normal donors.

MMC hypersensitivity intermediate between RS patients and normal strains
appears evident in at least two RS heterozygotes: the father from one family and
the mother from another. Present work emphasizes methods for further improving
detection sensitivity.
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4.10 TRITIUM RBE FOR MYELOID LEUKEMIA INDUCTION
- N.J. Gragtraans

1. Animal Breeding

A breeding colony of CBA/mice has been established and as of 1986 June 14
is large enough to produce 850 male experimental mice every two weeks* A viral
profile, through the Institute Armand-Frappier, indicated these mice to be free
from all significant pathogenic viruses.

A random sample from the breeding colony was sent to Charles River
Professional Services who verified that the genetic profile is consistent with
the CBA/mice strain.

As the breeding colony is producing experimental animals, birthdates are
recorded daily so that at weaning (3-4 weeks of age) groups of seven males with
identical birthdates (+ 1 day) will be caged together for the duration of the
experiment. Assignment of birthdates will allow us to extract data on
lifeshortening in addition to the tritium RBE assessment for myeloid leukemia.

2. Irradiation Procedures

The irradiations are currently planned as follows. There will be six
sets of irradiations, starting about the end of September and continuing every
two weeks, for completion in December. Each set will consist of 850 mice at age
100 days + 7 days. The sets will be divided into 375 mice for tritium injection,
375 mice for X-ray irradiations and 100 for controls.

Preliminary mapping of the X-ray fields required to match the tritium
dose rates is completed. A study of the relationship between the exposure
measurements and the dose to mice is being carried out by implanting TLDs in the
mice and by positioning TLDs around the cages. This is an important aspect as it
will ensure that the correct dose is assigned for the X-ray irradiations.

4.11 HYPERTHERMIA AMD CHEMOTBERAPUTIC AGENTS
- R.E.J. Mitchel, J. Jevcak and D. Adams

We have initiated a program to investigate the effects of chemotheraputic
agents in hyperthermia treated human cells. Our earlier studies showed that
hyperthermia treatment temporarily sensitized human fibroblasts to killing by
ionizing radiation, and that this sensitization was due to a temporary inhibition
of the cells ability to repair radiation induced DNA damage. If hyperthermia is
to be used as a new modality for the treatment of cancer patients, selection of
the proper chemotheraputic agent for hyperthermia treated patients may enhance
treatment success. We have found that a hyperthermia treatment sensitizes human
cells to killing by bleomycin, but that to be effective the hyperthermia must
preceed or be concurrent with the bleomycin exposure. Hyperthermia treatment
after bleomycin exposure was ineffective. This chemical is thought to produce
DNA damage by a free radical mechanism like ionizing radiation, and repair of
bleomycin DNA damage likely involves some of the same repair enzymes involved in
the repair of radiation damage. However, since hyperthermia treatment is
effective before and after radiation exposure, the types of damage produced by
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bleomycin and radiation are not identical. This chemical may be of value
therefore in a treatment regime involving hyperthermia, radiation and
chemotherapy.

4.12 HYPERTHERMIA AND TUMOR PROMOTION
- R.E.J. Mitchel, D.P. Morrison, N.J. Gragtmans, R. McCann, J. Murphy,
M. Plattner, T. Joyce and J. Jevcak

We have previously shown that hyperthermia treatments protected mice
against "promotion", the second step of new tumor formation. In that study
hyperthermia treatments were given near the time of application of a complete
promoter (TPA, a phorbol ester). The promotion step of tumor formation can
however be further divided into two separate stages, based on the sequential
application of different agents. The first stage can be accomplished by highly
oxidizing or free radical producing agents such as various peroxides, and the
second stage by hyperplasia stimulating agents such as mezerine. We have now
examined the effect of hyperthermia on skin tumor formation in mice when the heat
was given only at either stage one or stage two of promotion. We have found that
hyperthermia treatments given at either stage alone protects the mice against
tumor formation and was as effective as hyperthermia given during both stages of
promotion. This result suggests that hyperthermia treatments act in two
different ways, both of which protect cells against the promotion phase of new
tumor formation. Since only a small number of heat treatments were needed during
stage one tumor promotion, hyperthermia treatments may be of practical value in
persons occupationally exposed to known carcinogens which are tumor promoters or
in patients receiving chemotherapy.

These experiments again demonstrate that the risk of carcinogenesis
resulting from exposure to a tumor causing agent is not a fixed value which
depends only on the magnitude of the exposure. The risk can be altered by
stresses to the cells either prior to or subsequent to carcinogen exposure.

4.13 RADIATION EXPOSURE REDUCES THE RISK OF CHEMICALLY INDUCED TUMOR
FORMATION
- R.E.J. Mitchel, D.P. Morrison, N.J. Gragtmans, R. McCann, J. Murphy,

M. Plattner and J. Jevcak

Earlier studies using the lower eukaryote yeast showed that ionizing
radiation exposure markedly reduced the incidence of mutations resulting from
exposure to a chemical carcinogen. This reduction was proportional to radiation
dose and resulted from the induction of an error-free DNA repair system. This
error-free repair system processed some of the chemically induced DNA damage in a
way which prevented it from causing a mutation. We have now extended these
experiments to live animals. Skin tumors in mice resulted from a single exposure
to a chemical mutagen, an "initiating" agent, followed by multiple exposure to a
chemical "promoting" agent. We have examined the effects of ionizing radiation
on the appearance of these chemically induced tumors and have observed that mice
whose skin was exposed to a single dose of g-irradiation prior to exposure to the
chemical mutagen were markedly protected against tumor formation. This suggests
that as in yeast, mammals may possess a DNA repair system which is inducible by
exposure to ionizing radiation, and can offer protection against some types of
chemicals causing DNA damage which can lead to tumor formation.
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4.14 PREPARATION OF EPSTEIN-BARR VIRUS STOCKS FOR USE IN ESTABLISHING
LTMPHOBLASTOID CELL LINES
- D.P. Morrison, M. Plattner and D.L. Bruce

Culture facilities and techniques for lymphoblastoid cell lines (LCL's)
have been established at CRNL (see Sect. 4.4, PR-HS-2O). This human cell
material has been selected as the 'indicator cell1 with which to evaluate donor
radiosensitivity in a screening program under development for testing an
individual's intrinsic proneness to radiogenic cancer (see Sect. 4.3). The full
program requires competence in establishing LCL's on-site (see description of
Phases II and III, Sect. 4.3). To this end, we have established rodent cell
lines which produce Epstein-Barr virus (EBV), the infectious agent used to
'immortalize' B-cell lymphocytes (purified, on Ficoll density gradients, from a
small blood sample taken from a donor). By exploiting an observation in the
literature that EBV yield could be greatly increased by treatment of the
EBV-producing cells with a tumour-promoting agent, we have obtained high-titre
EBV stocks for establishing LCL's. This ability should significantly contribute
to reduced operator time and cost reduction in this essential phase of the
screening process.

4.15 TOWARDS IMPROVED CLONABILITT OF LTMPHOBLASTOID CELL LINES
- D.P. Morrison, T.L. Joyce, B.P. Smith, M.M. Werner and N.E. Gentner

A colony-forming ability (CFA) assay with carcinogen-treated
lymphoblastoid cell lines (LCL's), which normally grow not attached but in
suspension culture, requires the use of support medium such as agarose gel in
order to observe clonal multiplication. A CFA assay in the screening program
(Sect. 4.3) would allow useful parallels to be drawn to existing CFA analyses on
human fibroblasts, where (although time-consuming and costly) the majority of
present analyses have been done. The 'cloning efficiency' of LCL's, analogous to
the 'plating efficiency' in fibroblast cultures, is however one to two orders of
magnitude lower. Procedures that would support increased cloning efficiency
values for LCL's would greatly aid this approach to our screening assay. To this
end we are investigating medium components and novel 'cell growth aids';
extremely promising leads are available which we expect can be developed to
achieve our goal.

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

A.M. Marko and D.K. Myers participated in the annual meeting in Vienna of
the United Nations Scientific Committee on the Effects of Atomic Radiation.
Three reports on genetic effects of radiation, dose response relationships for
radiation-induced cancer and effects of irradiation in utero were prepared in
final versions for publication in 1986. Considerable progress was made in the
preparation of other reports for publication in 1988. Environmental effects of
radiation was added to the list of topics to be considered.



4-14

A report on radiological implications of the Chernobyl accident was
prepared for the AECL Chernobyl Task Group. Increments in radiation exposures of
the Canadian public were much too small to have any appreciable impact on the
future health of Canadians. The predicted number of potential cancer fatalities
over the next few decades in western Europe does not represent a significant risk
to public health in comparison to other risks; the risk of dying of cancer for
this population may potentially be increased by about 0.001%. Data from the
Ukraine are sparse but suggest that the general population in the Ukraine will
not suffer any major health problems as a result of radionuclides released during
the Chernobyl accident.

A report on health effects of energy production was prepared for an
international symposium held at Waterloo in May 1986. Technological development
has been associated with an average increase of about 35 years in life expectancy
in many western countries over the past two centuries. Two of the major factors
contributing to this increase appear to be education and the development of
commercial supplies of useable energy. Biomedical research also appears to play
an appreciable role. Health risks associated with the production of energy from
various sources have been estimated by various authors. The average loss of life
expectancy that could be ascribed to the energy production process per se depends
upon the energy source and on the average level of energy consumption, but is
orders of magnitude than the increase in life expectancy associated with
technological development.

Other activities included completion of a report in collaboration with
J.R. Johnson (Dosimetric Research) on the scientific basis for the quality factor
for neutrons and the first draft of a collaborative report on the toxicity and
dosimetry of tritium.

4.17 IN VITRO RECOMBINATION ASSAY TO MEASURE RECOMBINATION BETWEEN CIRCULAR
PLASMIDS
- P. Unrau, J.D. Childs, R. Pilon, D. Adams, M.C. Wolfgram and
S. Padamshi

The production of new plasmids to detect in vitro recombination catalysed
by cell extracts from various types of cells has been described in the last
report (Section 4.16, PR-HS-20). Recombinants are detected by obtaining
tetracycline (tet) resistant clones in crosses between two plasmids which have
different tet mutations; plasmid pUWl containing the tetlO mutation and pUW4
containing the tet!4 mutation. Analysis of the resulting tet resistant clones
then indicates which plasmid was the donor and which the recipient of the genetic
material in a recombination event. As pointed out in the last progress report, a
non-random recombination process was implicated by the finding that one of the
alleles (tetlO) converted to wild type much more frequently than the other
(tetl4). This finding has been confirmed by crosses to the receiprocal plasmids
in which tetl4 was in the deletion plasmid (pUW2) and tetlO in the Neor plasmid
(pUW3). Thus the arrangement of the mutations in the plasmids did not affect the
fact that tetlO is preferentially converted to wild type.

A large number of recombinants from a single yeast extract catalysed
cross of pUWl x pUW4 have been analysed for preferential convension of the tetlO
mutation. We found that there were three significant classes of recombinant
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plasmids in the clones. Pure monomers, arising from gene conversion of the tetlO
or tet!4 mutation were most common, and tetlO converted to wild type at a
significantly higher rate than tetlA. Mixed dimer plasmids, arising from
segregational resolution of recombination intermediates without associated
information transfer were next most common. Mixed dimers with the tetlO mutation
converted were more common than mixed dimers with the tet!4 mutation converted.
Finally we noted a significant class in which both plasmids had segregated into
the same clone. In these plasraids, which represent the direct capture of both
partners in a recombination event, the conversion of the tetlO mutation amongst
the clones containing both input plasmids was very common while there were no
cases of the tet!4 mutation converting by itself and a few cases in which the
tetlO mutation had become linked to the tet!4 mutation. This class of double
plasmid clones will be useful in determining the precise intermediates generated
during the recombination process. Arising out of discussions at a recent
European Molecular Biology Organization (EMBO) workshop on recombination several
new controls have been suggested which may help clarify the exact molecular
mechanisms involved in in vitro recombination.

The preferential conversion of the tetlO alleie has been observed,
catalysed by cell extracts from S. cerevisiae (yeast), U. maydis (smut) and from
human fibroblast extracts of normal (GM38) and radiation sensitive (AT3BI; AT5BI;
R20; R22; and Xp) cell lines- We conclude that all the extracts have an activity
which catalyses recombination between supercoiled circular plasmids- This
finding is significant as it suggests that recombinational systems will share
substrates and enzymes in common in many organisms of differing origin. This
work has been reported in preliminary form (Unrau, Childs, Aubin and Weinfeld,
1985) and is being prepared for publication.

Crosses involving the partial palindrome deletions reported previously
(Section 4.16, PR-HS-20) have been carried out. It was observed that the same
preferential conversion of the tetlO mutation occurred in reciprocal crosses of
pUWl x pUW6 and pUW2 x pUW5. This result shows that the palindrome did not serve
as a preferential site of initiation of recombination, and that the preferential
site is within the Tet gene. Further analysis based on crosses to other tet
mutations may help to localize the preferred site of initiation of
recombination.

4.18 IN VITRO ASSAY FOR DAMAGED DNA REPAIR BY RECOMBINATION
- P. Unrau, J.D. Childs and R. Pilon

One of the goals of the development of an in vitro recombination assay
was to be able to discriminate recombination proficient from deficient human cell
lines. The recombination assay between Tet sensitive plasmids, which generate
resistant clones by recombination, was therefore extended to examine the effects
of endonuclease-generated double-strand breaks on recombination. In preliminary
crosses between pUWl (cut) x pUW4 (uncut) it was observed that the recombination
frequencies were much higher than in the crosses of pUWl (uncut) x pUW4 (cut).
At present the full pattern of events in crosses between cut and uncut plasmids
has not been studied but at this preliminary stage it is already clear that cuts
at identical spots in reciprocal plasraids do not lead either to reciprocal
recombination frequencies, nor to reciprocal conversion of the tetlO mutation to
wild type as for tet!4«
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Preliminary studies have been carried out using cell extracts from U.
maydis (smut) cell lines which are proficient in recombination in vivo and others
which lack a key enzyme (reel) implicated in the repair of radiation-induced
double-strand breaks. The preliminary results that the strain lacking the reel
enzyme does not catalyse recombination between a cut tetlO containing plasmid,
which would be expected if the enzyme is required for recombination between
damaged and undamaged plamids but is not above for recombination between circular
plasmids. It was noted above that U. maydis strains do catalyse recombination
between circular plasmids and this has been found for extracts from all the
mutants strains tested.

The last series of observations to be reported concerns the possibility
that there are more recombination systems operative in eucaryote cells than the
site-specific and the damage-specific systems for which we have evidence. It was
observed that in crosses involving the reciprocal endonuclease cuts to those
reported above (i.e. pUWl (uncut) x pUW4 (cut)), recombination frequencies were
depressed and the preferential conversion of the tetlO mutation was still
observed. This would not be expected on the basis of present recombination
models as it is expected that the flow of genetic information would always be
from the undamaged to the damaged plasmid, and cutting the pUWl plasmid near to
the tetlQ allele should lead to the preferential conversion of the tet!4
mutation. This is in fact observed for the crosses described above. However
cuts within the mutation should always be corrected by reference to the normal
sequence and vice versa. It has been observed that cuts within the wild-type
sequence of pUW4 still lead to conversion of the undamaged mutant tetlO sequence
to wild-type. It is thus possible that there is a third recombination system
which does not conform to the accepted models for information flow during
recombination, and experiments to test this possibility are being devised.

A collaboration has been initiated involving the testing of a series of
induced Chinese Hamster Ovary (CHO) cell lines sensitive to X-rays, isolated by
Dr. P. Jeggo, Nat. Inst. Med. Res., London, in both the damage specific and
circular plasmid recombination assays. It is claimed that one of the CHO mutants
is defective in the repair of double-strand breaks, and by analogy with the U.
maydis mutant it is hoped that this cell line will be defective in catalysing
recombination in vitro between linear and circular plasmids.

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

A report is now being prepared on the results of the last up-date of CRNL
mortality data to 1985 December 31. Mortality from all causes, 1966-1985, for
CRNL male employees and retirees is still significantly less than expected when
compared with the age and sex corrected data for the Province of Ontario.
Standard mortality ratios (SMR's) for cancer, cardiovascular diseases, violent
causes and all other causes were less than 1.0.

SMR's for the major causes of death were also updated for several defined
groups of CRNL workers. There have been no major changes in the mortality
patterns in these groups.
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4.20 PUBLICATIONS

M. Bellinghurst and N.E. Gentner - Rapporteurs' report: Session II
(Nuclear Medicine Tomorrow Conference). AECL-9177, pp.62-66 (A.M. Marko, Ed.),
AECL 1986.

N.E. Gentner, B.P. Smith, G.M. Norton, L. Courchesne, L. Moeck and
D. Tomkins - Carcinogen hypersensitivity in cultured fibroblast strains from
Roberts syndrome patients. Abstr. 29th Ann. Mtg. Canad. Fed. Biol. S o c , p.144
(1986) [Abstract].

A.M. Marko, G.C. Butler and D.K. Myers - Biochemistry at Chalk River.
Bulletin of Canadian Biochemical Society, vol. 23, p.12-19 (1986).

K.G. McNeill and D.K. Myers - Cost and risk analysis in nuclear emergency
planning. Intern. Symp. on Total Risk and Benefit Impact of Energy Alternatives,
Waterloo, May 1986 [Abstract].

R.E.J. Mitchel and D.P. Morrison - Inducible error prone repair in yeast-
Suppression by heat shock. Mutation Res. 159, 31-39 (1986).

R.E.J. Mitchel, D.P. Morrison, B. Gragtmans and J. Jevcak - Hyperthermia
and tumor initiation in mouse skin. Proceedings of the 34th Annual Meeting of
the Radiation Research Society (1986) [Abstract].

R.E.J. Mitchel and D.P. Morrison - Interactions between inducible DNA
repair systems: Competition for lesions. Proceedings of the 34th Annual Meeting
of the Radiation Research Society (1986) [Abstract].

D.K. Myers and J.R. Johnson - A review of the scientific basis for the
quality factor for neutrons. INFO-0186, Atomic Energy Control Board of Canada
(1986).

D.K. Myers - Epidemiological studies of radiation induced health effects.
Uranium Mine Radiation Safety Course Manual, Canadian Institute of Radiation
Safety (1986).

D.K. Myers, M.M. Werner and N.E. Gentner. Health effects of energy
production, intern. Symp. on Total Risk and Benefit Impact of Energy
Alternatives, Waterloo, May 1986. [Abstract].

F.H.A. Schneeweiss, D.K. Myers, G. Tisljar-Lentulis and L.E. Feinedegen -
Low oxygen enhancement ratios for strand breaks induced by decays of 1-125 in DNA
of human TI cells stored at 0°C Radiat. Prot. Dosim. 13, 237-239 (1985).

M. Weinfeld, N.E. Gentner, L.D. Johnson and M.C. Paterson -
Photoreversal-dependent release of thymidine and thymidine monophosphate from
pyrimidine dimer-containing DNA excision fragments isolated from
ultraviolet-damaged human fibroblasts. Biochemistry 25, 2656-2664 (1986).
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4.21 ORAL PRESENTATIONS

4.21.1 Lectures and Sealoars

N.E. Gentner - Radiobiology for fun and profit. Project 2000 'Food for
thought' series, CRNL, 1986 March 25.

N.E. Gentner - Chemical carcinogenesis versus John Q. Public. 1986
Science Teachers seminar, CRNL, 1986 April 11.

N.E. Gentner - Importance of radiation-sensitive disorders: Impact on
cancer susceptibility and treatment. Department of Nuclear Medicine, Ottawa
General Hospital, 1986 May 13.

R.E.J. Mitchel - Hyperthermia Biology, presented at the Hamilton Cancer
Clinic, 1986 March 27.

R.E.J. Mitchel - Hyperthermia and DNA Repair in Yeast, Mice and Men,
presented at the Kingston Cancer Clinic, 1986 April 24.

R.E.J. Mitchel - Hyperthermia and Tumor Initiation in Mouse Skin,
presented at the 34th Annual Meeting of the Radiation Research Society Las Vegas,
1986 April 12.

R.E.J. Mitchel - Interactions Between Inducible DNA Repair Systems:
Competition for Lesions, presented at the 34th Annual Meeting of the Radiation
Research Society, Las Vegas, 1986 April 15.

R.E.J. Mitchel - Workshop Chairman, Radiation and Drug Interactions 34th
Annual Meeting of the Radiation Research Society, Las Vegas, 1986 April 15.

D.K. Myers - Derivation of risk estimates for radiation exposures. Ad
Hoc Meeting on Epidemiology, CRNL, 1986 March 17.

D.K. Myers - Health effects of energy production. Science Teachers
Seminar, CRNL, 1986 April 12.

D.K. Myers - Biological hazards and dosimetry of tritium. Tritium Safe
Handling Course, CRNL, 1986 May 7.

D.K. Myers - Radiation biology. PEP presentation, WNRE, 1986 May 13.

D.K. Myers - Health effects of energy production. Intern. Symp. on Total
Risk and Benefit Impact of Energy Alternatives, Waterloo, 1986 May 21.

D.K. Myers - Invited chairman of session on Assessment of Risks and
Benefits at Waterloo symposium, 1986 May 20.

D.K. Myers - Epidemiological studies of radiation induced health effects.
Uranium Mine Radiation Safety Course, Saskatoon, 1986 June 2.

M.M. Werner - Canadian Studies of Radiation Workers. Ad Hoc Meeting on
Epidemiology, CRNL, 1986 March 17.
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4.21.1 Local Talks

N.E. Gentner - Impact on society of cancer-prone phenotypes. Lecture
delivered at CRNL, 1986 February 20, part of "Focus on February" festival.

N.E. Gentner - Radiation Biology Branch research related to
biotechnology. Presentation to Dr. Francine DeCarey, Canadian Red Cross (Dr.
DeCarey heads blood research for the C.R.C.), at CRNL, 1986 February 28.

N.J. Gragtmans - Hyperthermia and phorbol ester tumor promotion - Local
talk to Highschool Students from Toronto, 1986 February 27.

R.E.J. Mitchel - Hyperthermia and Cancer. University of Ottawa School of
Journalism students, 1986 March 21.

R.E.J. Mitchel - Hyperthermia, presented to Radiation Biology Branch,
1986 March 31.

R.E.J. Mitchel - Cancer Research at CRNL. Panel discussion with students
from Terry Fox Canadian Youth Center, Ottawa, 1986 April 2.

R.E.J. Mitchel - Radiation Biology. Panel Discussion with Quebec Science
Teachers and School Board Delegates, 1986 June 25.
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5. MEDICAL BIOPHYSICS BRANCH

by

A. Petkau

Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment

PINAWA, Manitoba ROE 1L0

5.1 STAFF

5.2 RADIOBIOLOGY

5.2.1 Cell Transformation Studies
5.2.1.1 Control of Cell Growth and Cell Cycle Traversal
5-2.1.2 Morphological Aspects of Cell Transformation

5.2.2 MECHANISMS OF CELL KILLING

5.2.2.1 Studies of Radiosensitivity at the Cellular and Molecular
Levels

5.2.2.2 Studies of Radiosensitivity of Human Bone Marrow Cells in
Vitro
a) Development of Cell Culture Conditions
b) Radiobiology of Human Bone Marrow Cells
c) Effects of Light, Heat and Superoxide Anion on Bone

Marrow Cells
d) Flow Cytometry of Human Bone Marrow Cells

5.2.2.3 Radiobiology of Cultured Human Lymphocytes
5.2.2.4 Ultrastructure Microscopy
5.2.2.5 Radiobiology of Cultured Human Promyelocytes

5.2.3 RADIOPROTECTIVE ENZYMES

5.2.3.1 Glutathione Peroxidase
a) Characterization of the Amino Acid Composition of

Glutathione Peroxidase
b) Co-isolation of Human Superoxide Dismutase, Catalase and

Glutathione Peroxidase
5.2.3.2 Isolation, Purification and Characterization of Peroxidation

Inhibiting Protein (PIP)

5.2.4 MOLECULAR RADIOBIOLOGY

5.2.4.1 Conformational Studies
5.2.4.2 Radiation Biochemistry

5.2.5 RADIATION AND CHEMICAL CARCINOGENESIS

5.2.5.1 Kinetics
5.2.5.2 Cancer Screening
5.2.5.3 Metallothioneins
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5.3 BIOCHEMICAL TECHNOLOGY

5.3.1 Chemical Reactivity of Oligosaccharides
5.3.2 Cyclodextrins
5.3.3 Commercial Work.

5.4 PUBLICATIONS

5.5 ORAL PRESENTATIONS

5.6 REPORTS
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5.2 RADIOBIOLOGY

5.2.1 Cell Transformation Studies
- M. Einspenner, A.U. Lobreau, M. Sargent, E.I. Azzam and J.G. Szekely

5.2.1.1 Control of Cell Growth and Cell Cycle Traversal

One experiment was done to characterize the repair of lesions that
inhibit Li+ stimulated mitogenesis. The inhibition of mitogenesis by X-rays was
again observed. Repair after a dose of 1.0 Gy was observed. The cells were
given varying times in which to repair the radiation-induced lesions (before
exposure to Li+) and it was found that 3 h post-irradiation times were
sufficient for complete repair.

Split-dose effects were also examined. However, the data are ambiguous.
Further experiments are required.

5.2.1.2 Morphological Aspects of Cell Transformation

The radiation (10 Gy, X-ray) and heat (43°C, 93 min; 45°C, 25 min)
treatment of C3H 10T1/2 cells and the radiation-transformed clones, Rl and R25,
has been completed. The work has been summarized in a manuscript. After
irradiation, the number of microtubule organizing centers (MTOC) per cell at 48
h post-irradiation increased from the control value of 1.54, 1.72 and 1.56 to
3.60, 3.27 and 2.74 for the 10T1/2, Rl and R25 cell lines, respectively. The heat
results were more complex. At 24 h post-heating, the number of MTOC/cell
decreased through disruption of the centriole and pericentriolar material.
However, by 48 h post-heating the MTOC/cell had increased above the control
values for Rl and R25 cells, but remained low for the 10T1/2 cell line. After
heat, the visible MTOCs are smaller than those seen after irradiation or in
untreated controls. Data were not accumulated at 24 h for Rl cells because they
are too round after heat treatment to observe MTOC by the immunofluorescent
technique.

The results are summarized in a manuscript "X-ray and heat-induced
multiple microtubule organizing centres in C3H 10T1/2 cells and
radiation-transformed clones".

5.2.2 MECHANISMS OF CELL KILLING
- J.G. Szekely, A.U. Lobreau, M.D. Sargent, M. Einspenner, E.R.H.
Vaisanen, S. Delaney, W. Chelack and A. Petkau

5.2.2.1 Studies of Radiosensitlvity at the Cellular and Molecular Levels

Nothing to report.

5.2.2.2 Studies of Radiosensitlvity of Human Bone Marrow Cells In Vitro
- W.S. Chelack, M. Einspenner, A.U. Lobreau, E.I. Azzaa, M.D.
Sargent, J.G. Szekely and A. Fetkau

a) Development of Cell Culture Conditions
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Protocols for the extraction, purification and culturing of bone marrow
progenitor cells from human volunteers have been standardized, and
consistent, reliable data are being generated. Tne colony growth of these
progenitor cells depends on the presence of various growth factors which,
at present, are obtained from a laboratory at UCLA. This supply is no
longer available and we will have to rely on a different source material from
our own laboratory. This material, conceivably, could alter the response of the
progenitor cells to radiation. Fortunately, we have sufficient reserves of the
original source material to complete our current series.

b) Radiobiology of Human Bone Marrow Cells

To date, experiments have been run on seventeen separate bone marrow
samples, fifteen of which yielded results. Fourteen of these were tested for
X-ray survival from 0 to 5 Gy, and all gave biphasic survival curves. The Do
of the more sensitive component ranged between 0.13 to 0.75 Gy while that of
the more resistant component varied between 1.1 and 1.5 Gy.

c) Effects of Light, Heat and Superoxide Anion on Bone Marrow

Photochemical experiments on the human bone marrow cells show that in
unilluminated phosphate buffered saline (PBS) some of these cells gradually
lose their proliferative capacity. This phenomenon is temperature dependent
with inactivation increasing with temperature. In addition, the
sub-population of photochemically sensitive progenitor cells is also
temperature sensitive. A 30-min incubation of these cells in PBS at 37°C
inactivates most of the superoxide-sensitive population. Superoxide dismutase
protects the superoxide-sensitive cells to a greater or lesser extent, depending
on the temperature.

d) Flow Cytometry of Human Bone Marrow Cells

The Analytical Cell Sorter (ACS) is being used to characterize the human
bone marrow mononucleated cells in terms of their size and granularity.
Analyses have been completed on fourteen separate bone marrow samples, and
consistent cell distribution profiles have been obtained.

Attempts to sort and culture the cells in each population were
unsuccessful due to the fact that the sorting functions of the ACS were
malfunctioning. Since the problem has been corrected, one sample has been
sorted, and the cells were cultured successfully. Experiments now can be
carried out to sort various subsets from the total bone marrow cell
population, and to characterize them biologically.

5.2.2.3 Radiobiology of Cultured Human Lymphocytes

Cultures of T-lymphocytes from human peripheral blood and bone marrow have
been established using commercial Interleukin-2 (IL- 2) or conditioned media for
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MLA cells. The isolated original cells were activated by 48-72 h culture in
PHA before subculture in the long-term growth media. Cultures have been
maintained for about 3 weeks after which viability dropped. This method is
effective for medium-term cultures for experimentation and survival studies. We
are, however, also trying to develop long-term cultures of human bone marrow
cells.

Isolated blood lymphocytes have been irradiated with 5 Gy X- ray and then
labelled with monoclonal antibodies to surface markers Bl, T6, T8, Til and
T4. The fluorescence profile was then measured with the analytical cell sorter
(ACS) using a three-parameter sort. Sections of the cytogram produced from
right angle versus forward scatter are selected and gated to select cells for
green fluorescence measurement. Preliminary observations suggest that
irradiation alters the staining pattern of cells in various regions of the
cytogram. Computer analysis will be used to quantify changes in staining
patterns produced by irradiation.

5.2.2.4 Ultrastructure Microscopy

A study of radiosensitizers that act by reducing glutathione levels was
completed and summarized in a manuscript. In the report, we described a scanning
electron microscope (SEM) study of the surface morphology of mouse L-cells
after exposure to three sensitizers, diazenedicarboxylic acid bisle
N,N-dimethylamide (diamide), DL- buthionine-S,R-sulfoximine (BSO) and diaethyl
maleate (DEM). Diamide at 0.1 to 0.6 mMol/L for 20 min produced large
blebs on the cell surface as seen in the SEM. Transmission electron
microscopy (TEM) images showed that these are clear, featureless regions of
cytoplasm. BSO treatment for 24 h at 0.05 to 2.0 mMol/L, by contrast, left
the surface similar to control cells. DEM at 0.5 mMol/L for 2 h produced small
blebs over the cell surface and a reduction in the number of microvilli. A
combined 24 h BSO treatment with 2 h of DEM produced large blebs, which were
similar in TEM micrographs to those produced by diamide. Thus, although all
three sensitizers reduce glutathione levels, they have different effects on
cellular morphology. Such secondary effects may account for the different
degrees of radiation sensitization seen with these agents.

Human bone marrow samples were embedded in various resins including:
Epon, Spurr's, LR white, Quetol and Lowicryl to compare sample preparation
methods for immunostaining in the TEM. Colloidal gold will be used as a marker
for SOD. Monoclonal antibodies to human SOD (PR-WHS-73, sec 3.4.5.2) are the
primary antibodies and colloidal gold particles are bound to the secondary
antibody mouse anti-IgG.

Mouse bone marrow samples have been prepared using the same protocols as
used in heavy ion irradiated samples supplied by scientists at Ames
Laboratory of NASA. We plan to gain experience with the control samples
before embedding and sectioning the NASA samples. We plan to study the
morphological effects of heavy ion irradiation in collaboration with Dr. D.
Philpott of Ames Laboratory.



5-7

5.2.2.5 Radiobiology of Cultured Human Promyelocytes

A cell line has been obtained, designated HL-60, which is of human origin
and has been characterized as transformed bone marrow precursor cells of
the promyelocyte lineage. These cells can be chemically induced to give rise
to differentiated cells of two types, either granulocytes or macrophages,
depending on the chemical stimulus.

Studies are in progress to characterize the radiobiology of these cells,
and it is hoped that the results will be useful in sorting out the
radiobiology of the normal human bone marrow progenitor cells. The
response to radiation has been obtained from two separate experiments. Future
experiments will analyze the radiation response of the cells to
radioprotective enzymes, to anoxia, and to chemical differentiation.

5.2.3 RADIOPROTECTIVE ENZYMES

5.2.3.1 Glutathione Peroxidase
- T.M. Stepanik and D. Ewing

a) Characterization of the amino acid composition of glutathione
peroxidase.

The enzyme glutathione peroxidase (GSH-Px) is one of the few proteins
found in nature which contains the amino acid selenocysteine In order to
determine the amount of this residue by amino acid analysis, the
selenocysteine residue must first be chemically modified to the more stable
carboxymethyl form. Quantitative analysis of carboxymethylselenocysteine
(CMSeC) is then achieved by comparing the amount of this residue found in the
hydrolysed protein sample with a standard CMSeC sample analysed under the same
conditions.

Unfortunately, CMSeC standards are not commercially available and must
be synthesized using selenocysteine as starting material. Repeated attempts
at the synthesis have not yet proven successful. Some of the problems with
the procedure have been identified and it is expected that the synthesis of
CMSeC should be achieved shortly.

b) Co-isolation of human superoxide dismutase, catalase and
glutathione peroxidase.

As mentioned previously (PR-WHS-73), GSH-Px can be separated from the
bulk of the contaminating proteins by thiol-disulfide exchange chromatography
(TDEC). This process has been 'fined tuned1 to produce yields of GSH-Px in
the range of 60-70%. Some technical problems, in particular, the loss of
enzyme activity encountered upon preparation of the enzyme for subsequent
chromatography after TDEC, still remain to be resolved.
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The combination of TDEC and gel permeation chromatography (GPC) has
produced samples in which GSH-Px appears to constitute greater than 50% of
the protein. The possibility that this combination of chrotnatographic
techniques can produce GHS-Px samples of greater than 80% purity is quite real
and will be actively pursued once a new batch of TDEC gel is synthesized.

During the TDEC step, the majority of the catalase, SOD and extraneous
proteins are separated from GHS-Px. Recently, some experiments designed to
separate and purify SOD and catalase both from each other and from other
contaminating proteins, have been performed. Selective precipitation with
increasing amounts of polyethylene glycol has not been entirely successful. Gel
permeation chromatography (GPC) has proven to be quite efficient at separating
SOD from catalase, and these two proteins form a significant portion of the
contaminating proteins. However, for commercial purposes, the use of GPC might
be prohibitively expensive. Other methods for separating SOD from catalase
that are more rapid and economical will be pursued as soon as the necessary
materials arrive on site.

5.2.3.2 Isolation Purification and Characterization of Peroxidation Inhibiting
Protein (PIP)
- C. Rasmus sen and T.M. Stepanilc

The isolation of PIP from biological material requires the use of an
affinity column, bromosulfophthalein-glutathione-agarose (BSP-GSH-4B). The
BSP-GSH conjugate has been synthesized, purified and coupled to Sepharose-4B
with yields comparable to those found in the literature.

The methodology required for the assay of PIP activity is being
established. In order to assay for enzyme activity, the concentrations of
phospholipid and of phospholipid hydroperoxide in the assay system must be
known. A technique for determining phospholipid concentration by analyzing
for inorganic phosphate after digestion of the phospholipid has proven to be
satisfactory. Attempts to set up an iodometric method for hydroperoxide
determination have not been successful due to experimental difficulties.
However, the initial results using another method based on reduction of
hydroperoxide by ferrous ion appear to be promising.
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5.2.4 MOLECULAR RADIOBIOLOGY
- C.L. Greenstock and R.P. Whitehouse

5.2.4.1 Conformational Studies

Adverse biological effects of ionizing radiation are an expression
of molecular radiation damage to different cellular targets- This
chemical damage is largely free radical-mediated and results in changes to
cellular macromolecules through the breakage of chemical bonds. These chemical
changes are difficult to pin-point by conventional analytical techniques, but
their presence may be inferred by subsequent conformational changes. Such
conformational changes in DNA and phospholipids in aqueous solution and whole
cells, produced by the action of low levels of ionizing radiation and/or
chemical carcinogens, are being studied using a Fluorescence Lifetime
Instrument (FLI). This monitors the kinetic characteristics of the excited
states of site-specific fluorescent probes, providing hidden information about
the local intracellular environment in the vicinity of the probe, and any
changes arising from external perturbation. Ethidium bromide, propidium iodide
and Hoescht dyes intercalate into double-stranded DNA, and diphenyl
hexatriene and diphenylanthracene associate with hydrophobic regions in
membranes. Radiation-induced changes in DNA and phospholipid membranes have
been observed using time-resolved fluorescence spectroscopy at about 5 Gy, and
effects at lower doses may be observable using second-generation fluorescent
probes.

The Turner spectrophotofluorimeter is being modified to allow
steady-state fluorescence anisotropy experiments to complement those on the
Fluorescence Lifetime Instrument. These studies will allow us to probe the
interaction of fluorescent probes with cellular components and to monitor the
rate and extent of fluorescence depolarization as a measure of the subtle changes
in the intracellular environment caused by radiation and other forms of oxidative
stress.
5.2.4.2 Radiation Biochemistry

Mammalian cells become more sensitive to radiation when BrUrd is
incorporated into their DNA. These data confirm that DNA is an important target
for radiation-induced cell inactivation, and we are continuing our studies
to understand the underlying molecular mechanisms. In particular, we are
attempting to quantify the contributions of base and sugar phosphate
backbone damage. The hydrated electrons formed by the "indirect effect1 react
with the 5'- bromouracil base yielding a uracilyl radical that may
undergo reduction to form an altered base uracil. We have observed a
concomitant increase in sugar-phosphate damage, in the form of Pi release from
5'-BrUMP and strand breakage in Poly dA.dBRU, suggesting an intramolecular H
atom transfer mechanism. This interesting finding that initial base alterations
can lead to DNA backbone damage may account for the effectiveness of BrdUrd as
a cellular radiosensitizer.

5.2.5 Radiation and Chemical Carcinogenesis
- C.L. Greenstock and R.P. Whitehouse

5.2.5.1 Kinetics

The Van de Graaff accelerator is being operated in the positive ion
mode and is not available for pulsed electron radiolysis studies.
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There are several experiments planned to study the fast reactions
between oxy-radicals and cell components in order to elucidate the
mechanisms of redox cycling, lipid peroxidation and other forms of oxidative
stress, damage migration, the radiobiological oxygen effect, chemical and
radiation carcinogenesis, radioprotection by thiols and drug toxicity.

5.2.5.2 Cancer Screening
- with D.P. Heller

A series of tests have been performed with the FLI to establish
optimum operating conditions and the most efficient modes of data collection,
transfer and analysis. Experiments with ethidium bromide enable us to
observe subtle changes in the secondary and tertiary structure of DNA in
HL-60 cells as a function of cell growth and nutrient conditions. A
one-step extraction process is being employed to stain whole nuclei and the
kinetic parameters of the conformation and environmental state of nuclear DNA
can be correlated with parameters obtained from the cell sorter.

A series of fluorescent probes is being used to pin-point
conformational changes in DNA, protein and membranes following low doses of
radiation and/or chemical carcinogens sufficient to induce cell transformation
of C3H 10T1/2 cells.

5.2.5.3 Metallothioneins (New Applications Project)
- with C.P. Jinot

A winter student supported from new applications funds has completed the
first phase of a two-year project to evaluate the efficacy of
metallothionein as a radioprotective agent.

Commercially available (Cd,Zn) metallothionein-1 has been tested on
V-79 cells in culture, and a dose reduction factor of 1.25 was obtained at a
metallothionein concentration of 25 mg/mL (3.5 x 10- 5 mol L-l). This is
significant protection at such a low concentration, equivalent to the
protective effect of 10-4 mol L-l cysteamine. An interesting finding is that
metallothionein protects cells under aerated conditions.

5.3. BIOCHEMICAL TECHNOLOGY
- C.A. Chuaqui, J. Merritt, J. Vadasz, R. Klein and J. Anderson

5.3.1 Chemical Reactivity of Oligosaccharides

During this period, the effort on this topic has been devoted to
the design and testing of a laboratory scale reactor to treat wood chips with
HF. The reactor has been developed using modular Teflon components,
adequate for the reaction of gaseous HF with up to 50g of wood chips. The
design permits loading the HF by means of a controlled stream of carrier gas and
to measure parameters such as amount of HF delivered, HF retained by the
wood chips and temperature.
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The availability of this reactor will permit the start up of commercial
work in the area of secondary hydrolysis as part of the Ethanol-from-Cellulose
program and the treatment of wood for purposes other than the production of

fermentable sugars.

5.3.2 Cyclodestrins

Several simple derivatives of cyclodextrins have been synthesized
in the laboratory.

Also, a number of oxazolinones are being synthesized, purified and
characterized as the first part of a program to analyse their individual
reactivities and their ability to interact and form complexes with
cyclodextrins. This work is part of a collaboration with Dr. Wong at the
University of Manitoba.

5.3.3 Commercial Work

A report to AECB on Identification and Monitoring of Non-radiological
Carcinogens has been prepared (A. Petkau, leader).
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5.4 PUBLICATIONS

C.L. Greenstock (1986). Possible carcinogenic effects of oxygen radicals.
Oxygen and Sulfur Radicals in Chemistry and Medicine, eds A. Breccia, M.A.J.
Rodgers and G. Semerano, Lo Scarabeo, Bologna, pp 39-47.

C.L. Greenstock, R.P. Whitehouse and M.D. Sargent (1986). Preliminary Studies to
Investigate Metallothionein as a Radioprotector, Abstr 34th Annual Meeting of the
Radiation Research Society, Cl-1, p 39.

J.G. Szekely and A.U. Lobreau (1985). The use of fluorescently labelled
antibodies to observe radiation damage in cultured cells. IAEAHPRA/Health
Physics Research Abstracts, No. 12 p 199.

R.J. Weselake, A. Petkau and A.D. Friesen (1986). Characterization of human
Cu,Zn superoxide dismutase isolated by ion exchange and metal chelate
affinity chromatography. Superoxide and Superoxide Dismutase in Chemistry,
Biology and Medicine (Ed: G. Rotilio) Elsevier Science, Amsterdam, pp 165.

A. Petkau and W.S. Chelack (1986). Photochemical inactivation of macrophage
progenitor cells in mouse bone marrow, ibid pp 370.

R.J. Weselake, S.L. Chesney, A. Petkau and A.D. Friesen (1986).
Purification of human copper, zinc superoxide dismutase by copper chelate
affinity chromatography. Analyt. Biochem. 155:193

5.5 ORAL PRESENTATIONS

J.G. Szekely gave a talk "Radlobiology and Hazards of Ionizing Radiation"
to summer employees on May 16 and 21, 1986.

J.G. Szekely presented a paper "The effect of glutathione depletion by diamide,
diethylmaleate or buthione sulfoximine on the surface structure of mouse
L-cells", Scanning Electron Microscopy, New Orleans, LA, 1986 May 7.

C.L. Greenstock gave the following talks on behalf of Public Affairs and Head
Office:

(a) New Developments in the Radiation Treatment of Cancer,
Pinawa Secondary School, Pinawa, MB, 1986 Feb 10.

(b) Radiation and Man: Looking at the Risks and Benefits.
College Heights Senior Secondary School, Prince George, BC, 1986 Mar 18.

(c) Radiation: What it is, what it does, and so what? Prince
George Secondary School, Prince George, BC, 1986 Mar 18.

(d) Some Uses and Abuses of Ionizing Radiation. D.P. Todd Senior
Secondary School, Prince George, BC, 1986 Mar 19.
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(e) Nuclear Energy in Medicine, Industry and Agriculture, Prince
George Chamber of Commerce, Prince George, BC, 1986 Mar 19.

(f) Some Practical and Ethical Aspects of Atomic Radiation
Research, Faculty of Arts, Brandon University, Brandon, MB, 1986 Mar 24.

C.L. Greenstock gave a seminar on the Applications of Time-Resolved
Fluorescence Spectroscopy to Problems in Radiobiology and Cancer Research.
B.C. Cancer Research Centre, Vancouver, BC, 1986 Mar 17.

C.L. Greenstock gave a seminar on the Biological Effects of Ionizing Radiation
and Their Modification by Chemicals. Department of Biology, Brandon University,
Brandon, MB 1986 Mar 24.

C.L. Greenstock gave a poster on "Preliminary Studies to Investigate
Metallothionein as a Radioprotector". 34th Annual Meeting of the Radiation
Research Society, Las Vegas, NV, 1986 Apr 15.

C.L. Greenstock gave a series of lectures on "Medical Physics and Radiation
Biophysics". Radiation Oncology Center, Wayne State University, Detroit,
MI, 1986 May 20-22.

C.L. Greenstock gave a summer student seminar on the Radiobiological Studies in
Medical Biophysics, WNRE, 1986 June 12.

C.L. Greenstock gave an interview on the "Pros and Cons of Nuclear Power and
the Uranium Moratorium" in BC to CJCI radio, Prince George, BC, 1986 Mar 19.

C.L. Greenstock gave an interview on the "Applications of Nuclear
Technology, Particularly Food Irradiation and Public Acceptance" to the Prince
George Citizen, 1986 Mar 20.

C.L. Greenstock gave an interview on the "Safety of Underground Storage of
Nuclear Wastes", to the Brandon Sun, 1986 Mar 14.

A. Petkau gave an invited talk on "Scientific basis for the clinical use of
superoxide dismutase" to ABI Biotechnology, Winnipeg, 1986 Feb 14, and to Can
Fed Biol Soc's Symp on Free Radicals in Biology, Guelph, ON 1986 June 20.

A. Petkau gave a seminar on "Radiobiology of murine bone marrow cells" to Man
Cancer Treatment and Research Fdn, Winnipeg 1986 Mar 12.

A. Petkau gave a talk on "Superoxide-sensitive subpopulations on murine and
human bone marrow progenitor cells" St Boniface Hospital Oncology Service,
Winnipeg 1986 May 23.

5.6 REPORTS

J.G. Szekely, A.U. Lobreau and G.P. Raaphorst. "Mitosis-like changes in V79
cells after anisotonic NaCl treatment". AECL-9052, (1986).

A. Petkau, C.A. Chuaqui, C.L. Greenstock and C.P. Brown (1986).
Identification and monitoring of non-radiological carcinogens. 1. Nature of
the Problem. AECB-38.
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