
AECL-9352

ATOMIC ENERGY / , / U \ L'ENERGIEATOMIQUE

OF CANADA LIMITED V / ^ A / DU CANADA LIMITEE

PROGRESS REPORT
PHYSICS AND HEALTH SCIENCES

HEALTH SCIENCES SECTION

1986 July 01 - December 31

PR-PHS-HS-2

Chalk River Nuclear Laboratories Laboratoires nucleates de Chalk River

Chalk River, Ontario

February 1987 fevrier



ATOMIC ENERGY OF CANADA LIMITED

Chalk River Nuclear Laboratories

PROGRESS REPORT

1986 July 1 to December 31

PHYSICS AND HEALTH SCIENCES

HEALTH SCIENCES SECTION1

I PR-PHS-HS-2 )

Vice-President
Secretary

Administrative Assistant
Comptroller
Assistant to Comptroller

Assistant to the Vice President, Physics
Assistant to the Vice President, TASCC
Assistant to the Vice President, Health Sciences

J.CD. Milton
M.E. Humphries

J.D. Hepburn
J.P.A. Osborne2

N.R. Corrlveau2

G. Dolling
J.C. Hardy
A.M. Marko

The results and conclusions given here are not classified or restricted
in any way; however, some of the information is of a preliminary nature.
Readers interested in using the information in their own research are
invited to consult with the contributors for further details. Copies of
AECL publications referred to in this report may be purchased by writing
to the Scientific Document Distribution Office, Chalk River Nuclear
Laboratories, KOJ LJO, or to the Scientific Document Distribution
Office, Whiteshell Nuclear Research Establishment, Pinawa, Manitoba,
ROE 1L0.

1) For Physics see AECL-9351

2) Shared with Radiation Applications and Isotopes

Chalk River, Ontario
Piiuwa, Mani toba
1987 February

AECL-9352



Assistant to Vice-president A.M. Marko
Secretary D.J. TerMarsch
Mechanical Technician K.H. Whitlock

TABLE OP CONTENTS
PR-PHS-HS-2

Page

1. Introduction - J.C.D. Milton 1 - 11

1. Summary 1-1 - 1-9

2. Dosimetric Research Branch 2-1 - 2-31

3. Environmental Research Branch 3-1 - 3-49

4. Radiation Biology Branch 4-1 - 4-18

5. Medical Biophysics Branch . 5-1 - 5-12



INTRODUCTION - J.C.D. Miluon

This is the second progress report since the reorganization of the AECL
Research Company and marks the near completion of the first year of
operation for Physics and Health Sciences (for details of the
reorganization see PR-PHS-P-l or PR-PHS-HS-1), Although funding
uncertainties are still posing problems we have accomplished a great
deal.

We are moving towards our goal of forming a toxicology centre. The
centre would likely involve all four branches In Health Sciences as well
aa several universities and industries. The purpose of the centre is to
develop a fundamental and unified understanding of the behaviour of toxic
materials in the environment and at work and the consequent effects on
human health. We plan to hold a workshop on the topic In May.

Major progress was made during the last half of 1986 on the determination
of the RBE (relative biological effectiveness) of tritium in inducing
myeloid leukemia in mice, on the development of a rapid test for cancer
pronencss in people, on the interrelation of hyperthermia and cancer, and
on the behaviour of HT (Hydrogen gas) in the environment. The
irradiation and treatment with tritiated water of the 5000 mice required
for the RBE experiment is nearly complete. An additional 300 mice will
be examined for chromosomal aberrations. Tests on a small number of
people indicate that abnormal radiosensitivity can be readily measured
through a "growback ratio" on lymphoblastoid cells cultured ^n vitro and
subjected to a cytotoxic agent such as radiation. The next step is to do
tests on a larger population.

The synergistic effects of hyperthermia with radiation and carcinogens
are proving to be complex but understandable. Hyperthermia may increase
or decrease the initiation of tumors, may speed up or slow down their
growth. The results have important implications for cancer therapy.

The release of a modest amount of HT gas in the Chalk River exclusion
zone showed that oxidation to the more dangerous form HT0 was much slower
than previously determined by others. It ie postulated that oxidation
takes place primarily through bacteria in the soil. An experimental
release during the winter when the ground is blanketed by snow is planned
to test this hypothesis. Further work has confirmed the importance of
bacteria in the transport of materials through fractures in granitic
rocks.

Work is continuing on the simultaneous, separation of the enzymes
superoxide distant nsc (Sob), cataluse and glutathione peroxidase.
Preliminary experiments on the potential of the FLT (Fluorescence
Lifetime Instrument) to pr^V different stages of carcinogenesis are
encouraging.



Experiments designed to determine the reasons for the apparent
discrepancy In track density In GR-39 with neutrons of different energies
are beginning to produce an understanding of the effect and have
highlighted the rather large number of recoils originating in the
surrounding air. In addition, Chalk River has participated In an
international comparison of dose measurements at various neutron energies
with CR-39 dosimeters.
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1, HEALTH SCIENCES SUMMARY

by

A.M. Merko

Doslmetric Research Branch

A joint European/U.S./Canadian lntercomparison of neutron doses derived
from CR-39 dosimeters was organized by an international European dosimetry
group. A dozen participants sent dosimeters to five laboratories where they
were irradiated by known doses of monoenergetic neutrons of various energies
from thermal to 14.7 MeV. CRNL was responsible for the irradiation and dose
measurements at 2.8 and 14.7 MeV. The results obtained by the various
participants will be collated at Karlsruhe and published as a CENDOS report.
The comparison will give information both on the accuracy with which doses are
being measured and on the accuracy of absolute fluences provided by different
laboratories.

Track densities observed in CR-39 dosimeters exposed to known doses of
14.7 MeV neutrons are considerably larger than those calculated for the recoil
neutrons generated in the polyethylene radiator In front of the CR-39. The
difference is particularly marked when the radiator is thin (compared to the
maximum proton range), in which case the recoil proton tracks are not expected
to be detected at all. Attempts to understand these differences were made by
experiments that separate the various other components producing tracks. The
results are not yet satisfactory but it was found that the efficiency of air as
a radiator is considerably higher than expected.

The prototype of the TLD glow-curve plotter is being used as an accessory
to the TLD readers for most routine dosimetry. Use of a glow-curve plotter is
desirable because it provides diagnostic Information that can be referred to,
whenever a dose is in question. By examining the glow-curve, it is usually
possible to distinguish between apparent doses caused by malfunction in the TLD
reader Itself, those caused by dirt or other physical contamination of the
dosimetry plaque, and readings which are actually the result of exposure to
Ionizing radiation. In addition, production of glow-curves from 1 rad
standards provides the basis of a quality assurance program.

Depth dose distributions made previously for beta-emitting sources in
water (AECL-7617) did not Include the doses from Auger electrons or from
conversion electrons of relatively low intensities or energies. Distributions
in water for all the (approximately 100) nuclides included in AECL-7617 have
been recalculated with the addition of all conversion and Auger components
given in 1CRP Publication-38 and having energies above 1 keV and Intensities
greater than 0.001 per disintegration.
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Dose conversion factors for external exposures are required for
assessment of environmental haaards and initial work was carried out by WNRE,
culminating in the production of the report TR-244 by J.W. Barnard and D,
D'Arcy. CRNL has been asked to take over and extend the work to cover
additional exposure conditions. Copies of the RDEFIS computer code and
associated data files were obtained from J.W. Barnard and the program was
modified to run on the CDC computers at CRNI*. The data in TR-244 were
successfully duplicated and a critical analysis of the code has been undertaken
with a view to improving its accuracy and efficiency.

Under contract to Ontario Hydro, a study designed to recommend a
practical operational method for the measurement of tritium-on-surface
contamination down to levels less than 500uCi/m^ was started. This
objective could best be met by the development of a swiping technique. The
project was thus a study of the utility of swiping surfaces exposed to high
concentrations of HT. It was found that the use of solvent was not necessary
for swiping and the choice of swipe material does not appear to be critical.
Equally satisfactory results were achieved with both glass fiber filters and
blotting paper. The results concerning the form of tritium on the surface are
ambiguous. However, significant HTO is evolved from stainless steel surface
even when the initial exposure was as HT. It is not known definitely when the
oxidation occurs, but some observations suggest that the oxidation occurs as
the tritium desorbs. In general, the removal efficiency was of the order of
10% but with very large variations.

A project has been undertaken to study the metabolic behaviour of tritium
following percutaneous uptake from surfaces, the estimation of the resultant
do.'ie equivalent and an examination of methods of preventing contamination or
of decontamination of skin if contamination does occur- To date, 26 hairless
rats have been exposed to planchets after exposure to tritiated hydrogen gas.
Retention measurements of organically-bound tritium (OBT) in skin, liver and
other tissues have been initiated. These results will be used in the
development of metabolic models. The development of a cheap and easy method to
measure OBT in urine has also been initiated.

The NRU stack effluent monitor has been placed into operation to monitor
noble gases, on-line, and to gather partlculate and iodine samples. All three
detectors and the sample chamber appear to be working properly but the
processor/controller does not correctly compute the radioiodine releases. A
solution to this problem and access to the computer software are being sought.
The software is the property of Atomic Energy of Canada Limited but it was not
delivered before the commercial failure of the manufacturer.

Carbon-14 partlculate material collected from air samplers at Pickering
G.S. were intubed into rat lungs to study its retention* It was found that
negligible amount of the C-14 was transferred to other tissues; the main route
of excretion was by the feces. These results and comparison to Ce-141 O2
retention, support the selection of ICRP Class Y (years) to describe the
retention and excretion of this carbon material-
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A review of the literature was undertaken for Eldorado Resources, to see
If a better estimate for the f̂  factor can be derived for thorium using data
for naturally occurring thorium in food. From this review, it is suggested
that an f̂  factor for dietary intake is in the range of 0.001 to 0.01 and a
value of 0.005 would be an appropriate number for use in environmental
assessment studies.

Environmental Research Branch

Analysis of the six minute argon-41 atmospheric dispersion data collected
in 1970-76 has been completed. Results have yielded no further insight into
atmospheric dispersion at CRNL. The data were used to test a Gaussian plume
model that predicts downwind concentrations. The increased frequency of
concentration and meteorological measurement does not result in better
agreement between observations and predictions than when hourly averaged data
were used. A wide range of concentrations was found to occur during apparently
similar meteorological conditions and no particular set of weather conditions
that exacerbate differences between predicted and measured argon-41
concentrations could be found. The observed average concentration was closer
to predictions for stable weather conditions. This indicates that there is a
relatively high frequency of stable atmospheric conditions at CRNL that are not
associated with a temperature inversion.

Large amounts of elemental tritium (HT or T2) will be handled in
tritium removal plants under construction in Canada and in future fusion
reactor systems. The most important process affecting the impact of any
release from such plants is the conversion of HT or T9 to HTO, a much more
radlotoxic form of tritium. A series of experimental releases of HT of CRNL
has been planned jointly by CRNL and Ontario Hydro with co-funding by the
Canadian Fusion Fuels Technology Program to do definitive studies of oxidation
and deposition of tritium from a plume of HT. The first of these was performed
1986 August 25. This experiment was intended to provide experience in the
operational aspects of an HT release study, test the effectiveness of the
release, sampling and analytical procedures and give preliminary data on which
to base plans for future releases- In practice, the experiment went so well
that significant results were obtained on the extent of conversion of HT to HTO
under field conditions, the rate of transport of tritium from the HT plume to
soil and vegetation, and the subsequent transfer of tritium in the
atraosphere-soi.l-vegetatlon system.

The results of prime Importance from this release were the low
concentrations of HTO observed during the release indicating a very slow rate
of oxidation of HT in the atmosphere. If all observed HTO is attributed to
oxidation of HT in the atmosphere, an upper limit of 0.5% oxidation per hour is
Indicated. The true rate of oxidation Is believed to be much lower. Deposited
HTO appeared initially Ln the topmost layer of soil Indicating that HT did not
penetrate very far before It was oxidized. HTO in vegetation increased in the
first eLghr hours after release, then decreased approximately exponentially
with time. Concentrations of HTO were usually less than that found in the
topmost layer of soil.
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In October a two-day meeting with scientists from France, West Germany,
Japan, United Kingdom and United States was held at CRNL to determine
international interest in a future HT dispersion study in Chalk River in 1987.
The 1986 CRNL experiment was discussed in great detail as well.

Previous work here and elsewhere has shown large spatial variability of
the concentrations of common anion and cations tn the snow pack at the onset of
and during spring melt when sampled by conventional coring techniques. Spatial
variability is a key factor in the design and interpretation of network
monitoring programs for acid rain and other contaminant deposition. The
emphasis of this year's program is therefore on characterizing this variability
tn a forest. The installation of a number of sampling stations and various
sampling techniques have been put into place for this purpose.

The research described in the sections "Groundwater Flow Modelling at the
Proposed SLB-Pi Site", "Numerical Simulation of the Tracer Test Plume", "Model
Validation and Estimation of Parameters", and "Modelling of Sorptlon Processes"
is related to verification and validation of contaminant transport models* The
first two sections deal with the evaluation of the predictive capability of
transport models using existing plumes of contamination subjected to extensive
geohydrochemical investigation. The third and fourth sections detail the
results of the efforts for developing equilibrium and/or non-equilibrium models
for modelling field column experiments and, consequently, for estimating
transport parameters required by predictive transport models.

Data analyses and interpretation of tracer tests in fractured rock at the
CRNL FLow Study Site have been completed. These tests were run as a
collaborative program with the National Hydrology Research Institute of
Environment Canada and the Geological Institute of the University of Kiel,
Federal Republic of Germany.

From the data obtained it can be concluded that particles, such as
bacteria. In the size range of 1um can be rapidly transported through
fractures in granitic rock. Therefore, if water movement through fractures
occurs in the disposal vault it is highly probable that micro-organisms will be
present in all locations of flow. The metabolic activity of microbes can be
very great in a fracture flow system- The lack of detection of injected
nitrate In the withdrawal wells is consistent with reduction to ammonium, the
thermodynamically stable nitrogen compound predicted cor the geochemical
conditions observed* With the type of geochemistry of the granitic rock mass
here it was found that the heavy metal cadmium is strongly retarded. The
pesticides simazlne and lindane are poorly retarded under the geochemical
conditions at this site. On the basis of the data obtained for various
injection modes and flow rates the test conditions will be optimized for each
of these parameters.
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As part of a study of the Cigar Lake uranium deposit as an analog to
nuclear fuel waste disposal, analysis of a second set of samples has provided
information on the redundant blogeochemistry of the site. These analyses are
being performed using a newly acquired anaerobic glove box to ensure that the
desired anaerobic conditions are achieved. Preliminary results from all zones
show relatively large numbers of bacteria under both oxic and strict anaerobic
incubation conditions. Sulfate-redueing bacteria have been Identified and
presumptive evidence for methanagens has been seen. Direct confirmation awaits
the results of incubation experiments designed to show the biotlc generation of
methane.

To predict the fate of nuclides discharged into fresh waters, the flux of
the nuclide must be described across the sediment/water Interface at the lake
bottom. One major difficulty in providing such a description is the estimate
of the amount of nuclide that is recycled from the sediments back Into the
water. The importance of this process has been quantified by constructing
detailed budgets for the cobalt-60 activity and particulate concentrations in
Perch Lake. Simple input/output budgets show that recycling and resuspension
increase concentrations of particles and cobalt-60 by 30 to 100% above values
predicted by models ignoring these processes-

Study of saline springs on the Ontario portion of the Precambrian Shield
is being extended geographically. To date most work has concentrated on the
moose licks of the Nipigon area, north and east of Thunder Bay, but springs
closer to Chalk River will be sampled soon. Saline occurrences on the Shield
have remained relatively unknown and poorly studied. However, wildlife
management officials are aware of saline occurrences because the ungulates they
manage are attracted to salt licks to meet: their physiological requirements.
District offices of the Ontario Ministry of Natural Resources were asked to
assist us in locating saline springs- Analyses of uranium series in saline
waters is being planned. Anomalously high radium concentrations, so frequently
observed in brines, may result in measurable increases in the skeletal radium
burden of animals frequenting this lick. A pilot study of radium content will
be conducted to determine the utility of further work on the environmental
pathway of an element associated with a saline lick and on the use of radium as
a geocheralcal number for wildlife management purposes.

Work in relation to electronics instrumentation Is underway on four
projects - a borehole logging probe and drive mechan.^m for high resolution of
radiotracers in boreholes, a miniature radiotelemetry system, a microprocessor
system for capturing meterological data which are transmitted from the data
acquisition system at Perch Lake, and a multi-channel analyzer system based on
the standard electrical configuration (STD BUS) for uBe in soil moisture and
fluid flow measurements.

A survey of tritium concentrations in the environment northwest of the
Tritium Extraction Plant and the reactors has been done to obtain base line
data to assess future monitoring of emissions from the plant when it comes into
operation next year-
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Radiation Biology Branch

Lymphoblastoid cell strains are readily established from individual
donors, and represent a convenient cultured human cell type with which to
acreen jLn vi_tro for variations within the populatlon-at-large in susceptibility
to the cytotoxic effect of ionizing radiation. Persons exhibiting abnormal
ionlaing radiation sensitivity might be expected to be at increased risk of
neoplasia induced by ionizing radiation, by radiomlmetlc chemicals, or by
spontaneously-occurring damage. A "grow-back" procedure foe assessing the
relative degree of detriment occasioned by a given ionizing radiation exposure
has been developed. A "grow-back ratio", which is the ratio of slope of the
exponential portion of the grow-back curve for the Irradiated population to
that for the untrradlated (control) population of that strain, can be used to
normalize for differences in the intrinsic growth rate of different strains.
Highly significant differences between normal strains and those derived from
any of four patients with the radiosensitive disorder ataxia-telanglectasla can
be obtained employing acute oxic gamma-ray exposure. Moreover, It has been
demonstrated that higher doses of chronically-delivered gamma-radiation .ire
required to achieve a given level of effect than if acute exposure Is used. It
was found that in a panel of six randomly-chosen lyraphoblastoid cell lines from
apparently normal people one is significantly radiosensitive. Its increased
radiosensltivtty is detectable by acute as well as by chronic exposure. It may
be that the most frequent radiosensitive phenotype in the populatlon-at-large
will be of this type.

A female cancer patient at the Ottawa Cancer Clinic had developed fatal
complications as a result of radiotherapy for tumour management. The
radiotherapeutlc protocol for this patient Involved a number of exposures over
a period of some weeks, followed by protracted gamma-exposures from a source
implanted in the tumour. Prior to the patient's death, skin biopsies had been
taken and dermal fibroblast cultures were established. A sample of the
cultured patient cells were subjected to a chronic gamma-exposure test.
Preliminary results suggest that this strain does exhibit a relative
radiosensitive response compared to that of seven clinically normal strains.
Repeat experiments with acute gamma-irradlatlon manifested a radloresponse in
the normal range.

For the experiment to determine the relative biological effectiveness
(RBE) of trltlated water for the induction of myclold leukemia the planned
production of experimental male CBA mice was completed. The experiment
protocol calls for about 5 000 mice divided Into experimental sets consisting
of controls, mice treated with tritiated water at 1, 2 and 3 Gy, and mice
treated by X-trradlatlon at 1, 2 and 3 Gy. It Is anticipated that X-ray and
tritiated water treatments will be completed by the end of 1987 January.
However, additional 300 mice treated as above bill be needed for collaborative
experiments with Bio-Mutatech. The RBE of tritiated water will be determined
using chromosal aberrations as the end-point in the latter project.



1-7

It has been observed that hypertherraia sensitizes AT cells to the lethal
effects of bleomycln, and that the magnitude of sensitivity increase was
similar to that seen in normal human cells. Since heat falls to sensitize AT
cells to killing by Ionizing radiation, this observation suggests that lethal
bleorayclu induced DNA damage and lethal radiation induced DNA damage may not be
Identical and furthermore the two lesions may be processed by different
cellular repair (systems. These results indicate that hyperthermia can be used
as a senslti?,er for radiation and bleomycin therapy of human cancers and that
such use should be particularly effective since different mechanisms are
Involved.

Studl.es have indicated that a single dose of beta-radiation, delivered to
the skin of mice at the time of exposure to a direct acting chemical mutagen,
prevented the mutagen from Initiating skin tumours in these animals. The
observed protection by radiation is apparently due to the radiation induced
stimulation of a DNA repair system since a temporary inhibition of protein
synthesis, by a hyperthermia treatment, blocked part of the protective effect
of the radiation. These results demonstrate that mammalian DNA repair systems
can be controlled and manipulated by external stresses like radiation or
hyperthermia, and that as a result the risk of tumour formation resulting from
exposure to a mutagen is not a fixed value but can be made to vary in a
predictable way.

Investigations of combined drug and gamma-ray treatment on normal and
repair defective human fibroblasts has been extended to Include the effects of
the order of carcinogen treatment and of low dose rate radiation exposure.
Such combined exposures are closer to the situation expected in real life and
thus may result In synergism of effects. Acute Ionizing radiation exposures to
normal cell lines yielded only slight synerglsm between the lethal effects of
Ionizing radiation and mitomycin C (MCC) if the drug was administered following
the ionizing radiation. However, for treatments in which MMC was administered
First, marked synerglsm was evident. Chronic radiation exposures have also
been tested for this system- With chronic exposure, synerglstlc Interactions
become observable even when gainraa-ray precedes MMC treatment.

In the development of an in vitro assay for damaged DNA repair by
recombination, the average transformation efficiency of recipient E. coli
strain has been improved by an order of magnitude. This has led to the ability
to examine recombination at the molecular level, an ability which could be
utilized to distinguish recombination proficient from deficient human cell
lines.

Medical Biophysics Branc.h

From HTLV-2 virus infected lymphocytes, a cell conditioned medium has
been produced which supports the growth of human bone marrow progenitor cells,
giving rise to colonies of granulocytes, eosinophils, monocytes and macrophages
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at good overall placing efficiency. Conditioned medium harvested from
cultured human bladder tumour eella also supports the colony formation from
human bone marrow progenitor cells. The two different conditioned media will
be used to determine whether the biophaste radiation response oE the progenitor
cells is dependent on the nature of the medium.

Human bone marrow mononucleated cells have been fractionated into three
distinct populations by the use of an Analytical Cell Sorter. Experiments will
be undertaken to characterise the sorted cells in terms of their colony forming
ability and where possible, their radiation response.

It was found that some phytohemagglutinln preparations were more
effective than others In establishing human blood T-lymphocytes. However, to
date cultures of human T> lymphocytes could not be maintained beyond eight
weeks•

Trials for the systematic isolation of human 8uperoxl.de dlsmutase,
catalase and glutathione peroxidase have been continued. One stage in the
purification of this enzyme that has caused problems has been identified and
experiments are in progress to overcome the difficulty. It has been found that
the best procedure to separate superoxide dlsmutase from catalase is by the use
of gel permeation chroraatography. Conditions for the final purification of
superoxide dlsmutase have been optimized.

An attempt has been made to understand and control each variable
associated with the Fluorescence Lifetime Instrument (FLI), in order to
optimize data collection and analysis and Improve reproduclblllty to facilitate
overnight experiments on whole cells, cell nuclei and purified organelles. A
systematic study of the lamp characteristics, single photon counting
conditions, spectroscopic parameters and deconvolution methods has led to
significant improvements In the system.

Using the FLI for conformational studies it was found that the resulting
time-resolved fluorescence signal from the interaction of ethldium bromide and
genetic material In intact cells and isolated nuclei was similar but different
from that as a result of interaction of the chemical with extracted DNA* These
differences can be used to monitor the effects of JLn vitro handling, storage
and extraction procedures, and of the chemical environment on structural
Integrtty and stability of DNA.

The potential of FLI to probe different stages of carcinogenesis has been
explored in human proroyelocytic leukemia cell lines. Preliminary studies
suggest not only that the FLI can resolve the number of cells In different
stages of cell division, but that there is a physlcochemical rationale for this
correlation based on detectable and apparently reproducible difference in the
conformational states of DNA.
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The work to develop a laboratory scale reactor for treatment of wood
chips with hydrogen fluoride has been finished. The desired variables, such as
temperature and rate of loading can be monitored and controlled. The yields of
extractable oligosaccharides are reproducible and good.

Adequate separations of raceroic mixtures of model compounds, such as
oxazolinones, are being achieved by means of HPLC columns containing
immobilized cyclodextrins.

The effect of solvents and substituents in the course of the reactions of
superoxide with oxazollnone model systems are being studied. The results
indicate a strong relation between these model reactions and those of several
biologically important molecules with the oxygen/superoxide pair.

PUBLICATIONS

NUCLEAR MEDICINE TOMORROW
A.M. Marko (Editor)
Proc. of Workshop on Nuclear Medicine Tomorrow, 1985 August 20-22, AECL, CRNL,
Chalk River, Ontario (1986) AECL-9177

BIOCHEMISTRY AT CHALK RIVER
A.M. Marko, G.C. Butler and D.K. Myers
Can. Biochem. Soc Bull. £3 (1986) 12-19

GENERAL

28TH ANNUAL RADIATION PROTECTION COURSE
Hosted by A.M. Marko at AECL, CRNL, Chalk River, Ontario
1986 October 20-24

SEMINAR SPEAKERS

METABOLIC BASIS OF DRUG-INDUCED PHOSPHOLIPIDOSIS IN THE NEWBORN
Dr. Sam Kacew, Dept. of Pharmacology, University of Ottawa, Ottawa, Ontario
1986 September 08

MOLECULAR BIOPHYSICS, RADIOPROTECTION AND CANCER SCREENING
Dr. C L . Greenstock, Medical Biophysics Branch, AECL, WNRE, Pinawa, Manitoba
1986 November 12

SAFETY MANAGEMENT
E. Siddall, Retired from CANDU Operations, Mississauga, Ontario
1986 November 13
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2, DOSIMETRIC RESEARCH BRANCH

by

J.R. JOHNSON

2.1 STAFF

2.2 NEUTRON DQSIMETRY,

2.2.1 International Intercouparisona of CR-39 Neutron Dosimeters
2.2.2 The Response of CR-39 Dosimeters to 14.7 MeV Neutrons
2.2.3 Angular Variation of Detection Efficiency of Electrocheraically-

etched CR-39 for Alpha Particles

2.3 THERM0LUM1NESCENCE DOSIMETRY

2.3.1 TLD Glow Curve Plotter
2.3.2 Construction of an Automatic TLD Reader, AEP 5262A
2.3.3 Laser Heating of TLDs
2.3.4 TLD Intercomparlsons

2.4 BETA DOSIMETRY

2.4.1 Dose Distributions from Point Sources of Conversion Electrons
2.4.2 Dose Distributions from Point and Plane Sources of Beta Emitters
2.4.3 Measurements of Surface Dose with the CRNL Personal Dosimeter
2.4.4 Extrapolation Chamber Measurements
2.4.5 Use of Silicon Photo-Diodes to Measure Beta Doses
2.4.6 Calculation of Dose Conversion Factors

2.5 TRITIUM MONITORING

2.5.1 Quantitative Measurements of Tritium Surface Contamination
2.5.2 Passive HTO Samplers
2.5.3 Sampling of FINS Facility for Tritium
2.5.4 Modulated Flow Tritium-In-Air Monitor
2.5.5 Determination of Energy Dependence of Concentric Ion Chambers
2.5.6 Tritium Liquid Effluent Monitor Review

2.6 STACK EFFLUENT MONITOR

2.6.1 NRU Stack Effluent Monitor
2.6.2 Filter Change System
2.6.3 Particulate and Iodine Detectors

2.7 RADIATION INSTRUMENT DEVELOPMENT

2.7.1 Analytical Tritium Monitors for Critic-1
2.7.2 HTO/HT Discriminating Monitor
2.7.3 Wet Proofed Catalyst Bubbler System
2.7.4 Product and Process Monitors
2.7.5 Detector for C-14 and H-3 on Surfaces
2.7.6 Liquid Level Detection Using a 90sr/9°Y and a Photodiode
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2.7.7 Monitoring of X-Ray Beam
2.7.8 Sealer Rate Meter AEP-5341
2.7.9 Doorway Monitoring
2.7.10 Long Term Testing of MOSFET Radiation Detectors

2.7.11 1-125 Area Monitor

2.8 RADIQCHEMICAL ANALYSES

2.8.1 Radium in Urine

2.9 METABOLIC STUDIES

2.9.1 Metal Ion-Araino Acid Studies

2.9.2 Carbon-14 Particulates in the Rat Lung
2.9.3 Thorium f̂  Factor
2.9.4 The Assessment of Tritium on Surface Hazards (II) Biological

Studies
2.9.5 Age Dependent Radioiodine Dosimetry
2.9.6 ICRP Lung Model

2.10 EMPLOYEE MONITORING PROGRAM

2.10.1 Distribution of Tritium Exposure at CRN!
2.10.2 Body Radiation Doses
2.10.3 Hand Radiation Doses
2.10.4 Bioassay Laboratory
2.10.5 Commercialization of Bioassay Service
2.10.6 In-Vivo Facility

2.11 MONITORING FOR MYELOID LEUKEMIA EXPERIMENT

2.11.1 X-ray Doses
2.11.2 Tritium Doses
2.11.3 Tritium In Air

2.12 TRAINING

2.12.1 Tritium Safe Handling Course
2.12.2 Internal Dosimetry Course
2.12.3 Indonesian Training Program

2.13 PUBLISHED PAPERS, REPORTS, ETC.

2.
2.
2.
2.

13.1
13.2
13.3
13.4

Published
Reports

Papers

Formal Presentations
Technical Documents
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2.2 .\'EUTRON D0S1MKTRY

2.2.1 International lntercomparlson of CR-39 Neutron Dosimeters - W.G.
Cross and A. Arnoju

A joint Eurnpean/U.S./Canadian intercomparlson of the neutron
doses derived from CR-39 dosimeters was organized primarily by EURODOS, an
inter-European doslmetry cummltier, A dozen participants sent dosimeters to
five laboratories whero they were irradiated by known doses of monoenergetlc
neutrons of various energies from thermal to 14.7 MeV. CRNU was responsible
for irradiations and dose determinations at 2.8 and 14.7 MeV. Fluences of
2.8 MeV neutrons were determined by measuring the activity from the
H5i n( n in' )115];nm reaction as well as by a "long counter". The
results of the two methods agreed to within +_ 2%. I'luences of 14.7 MeV
neutrons were determined by measuring the -*̂ Mn from the activation of
Iron foils.

The results obtained by the various participants will be collated
at Karlsruhe and published as a CENDOS report. The comparison will give
information both on the accuracy with which doses are being measured and on
the absolute fluences provided by different laboratories.

2.2.2 The Response of CR-39 Dosimeters to 14.7 M-\" Neutrons - W.G.
Cross, J.I.,. Kim and A. Arneja

Track densities observed in CR-39 dosimeters exposed to known
doses of 14.7 MeV neutrons are considerably larger than those calculated for
the recoil protons generated in the polyethylene radiator in front of the
CR-39. The difference is particularly marked when the radiator is thin
(compared to the maximum proton range), in which case all the recoil protons
reaching the CR-39 have either too much energy or too large angles of
incidence to be detected. We are attempting to understand these differences
by separating the various other components producing tracks - heavy recoils
and alpha particles generated in the etched layer and in the radiator, and
protons and alpha particles from the air. This was done by using gold
layers of various thicknesses between the radiator and the CR-39.

The results are not yet satisfactory. When a thick radiator is
used, about 14% of the total tracks are from C recoils and alpha particles
generated in the etched layer while 74% are from protons produced in the
radiator. For a thin radiator, more than 2/3 of the tracks are from charged
particles generated In the air or in the aluminum In the target end of the
accelerator. The efficiency of air as a radiator Is considerably higher
than expected.

2.2.3 Angular Variation of Detection Efficiency of Electrochemlcally-
etched CR-39 for Alpha Particles - W.G. Cross, .J.L. Kim and
A. Arneja

The variation of response of CR-39 neutron dosimeters with neutron
energy depends on the variation of their response with the angle between
recoil proton directions and the surface. This response differs for CR-39
plast ic from different manufacturers and for different etching procedures -
In par t icu lar , i t is different for chemical etching and electrochemical
etching. Because i r radiat ion with monoenergetic protons of various energies
is more complicated, we are studying the directional responses of various
types of CR-39 to alpha pa r t i c l e s . The enrrgy of alphas from 2 4 1 ^ is
reduced to 5, 3 and 1 MeV by absorption In i r .
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The absolute detection efficiency exceeded 0.95 at angles of
i n n c e out tc a ceitical value. For CR-39 manufactured in mid-1986 by
American Acrylics this critical angle is 63° at 5 MeV, 75° at 3 MeV and 67°
at 1 MeV. These angles are considerably larger than were obtained for
American Acrylics CR-39 in 1983 (approximately 45'), showing that the newer
material is substantially more sensitive» Increased sensitivity for
neutrons has also been observed.

2,3 THERMOLUMINESCENCE DOSZMETRY

2.3.1 TIP Glow Curve Plotter - R.M. HoIford, A.R. Jones and
W.F. Richter

fhe prototype of this instrument has been completed and is
currently being used as accessory to the TLD Readers for most routine
doslmetry. Two production versions of the instrument are being assembled so
that all operations can be monitored in this way. Use of a glow-curve
plotter is desirable because it provides diagnostic information that can be
referred to whenever a dose is in question. By examining the glow-curve, it
is usually possible to distinguish between apparent doses caused by a
malfunction in the TLD-Reader itself, those caused by dirt or other physical
contmaination of the dosimetry plaque, and readings which are actually the
result of exposure to ionising radiation. In the latter case, an inquiry
may still be needed to determine the source of the radiation. Production of
glow-curves is also a useful component of a quality assurance programme,
since by examining the glow-curves of the 1 rad standards that are included
in each magazine of plaques for calibration purposes, one can see
immediately whether the TLD-Reader is functioning correctly.

2.3.2 Construction of an Automatic TLD Reader, AEP 5262A - A.R. Jones
and W.F. Richter

A second production unit, for CRNL (one was also made for WNRE),
is being assembled. This will permit operation with two production units
while the prototype is withdrawn from normal service to act as a test-bed
for modifications and testing of dosimeters and processes. It will also
provide greater redundancy in the case of equipment failure.

2.3.3 Laser Heating of TLDs - A.R. Jones, N. Hunt and W.F. Richter

Two optical channels have been built with dimensions which
correspond to calculations of N. Hunt. One has a square hole slightly
smaller than the 3.2 x 3.2 mm TLD and the other slightly larger. In both
cases, the laser energy incident upon the TLD should be independent of the
exact position of the TLD, within certain limits. Both have been made
because in theory, both have their advantages and disadvantages, and it is
desirable to test their performance.

2.3.4 TLD Intercomparlsons - A.R. Jones and C.E. Thibeau

2.3.4.1 Environmental TLD (U.S. Department of Energy) Intercomparison

CRNL participated in the Eighth International Environmental
Dosimeter Intercomparison. The CRNL results showed an abnormally high
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background control exposure - 104 mR. In spite of this, good agreement was
obtained with the given exposure and the exposures estimated by the other
participants. The reason for the high background exposure is not known.

2.3.4,2 Personal TLD Int.ercoraparison

Ontario Hydro has exposed TLDs belonging to AECL, NBEPC, HWC, HQ
and OH mounted on phantoms at various places in their nuclear power
stations. They have measured the given doses by other means and obtained
spectral information using a hyper-pure germanium spectrometer rented from
CRNL.

The data from the CRNL TLDs is being analysed.

2.4 BETA AND GAMMA DOSIMETRY

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

The calculation of doses from point sources of conversion
electrons, described in PR-PHS-HS-1 have been extended to about 20 nuclides
of Importance in nuclear medicine. The computer program for this
calculation has also been rewritten for a desk-top computer, to speed up the
calculation of additional single nuclides. Initial differences between the
results of the two programs led to careful reanalysis of the approximations
made In both and some minor errors made in the FORTRAN program were
corrected.

2.4.2 Dose Distributions from Point and Plane Sources of Beta Emitters -
W.G. Cross and N.O. Freedman

Depth dose distributions made previously for beta-emitting sources
in water (AECL-7617) did not include the doses from Auger electrons or from
conversion electrons of relatively low intensities or energies. These
components usually affect the dose only at distances that are small compared
with the maximum beta range, but at these short distances the dose is
increased very substantially. Distributions in water for all the
(approximately 100) nuclides included in AECL-7617 have been recalculated
with the addition of all conversion and Auger components given in ICRP
Publlcation-38 and having energies above 1 keV and intensities greater than
0.001 per disintegration. A number of corrections were made to the program
as well as modifications that enable it to run faster. We are preparing to
replot the calculated distributions.

2.4.3 Measurements of Surface Dose with the CRNL Personal Dosimeter -
A.R. Jones

The surface dose is measured with a TLD about 100 mg.cm~2
thick and covered with a layer of mylar, 7 mg.cra"^ thick. It is
calibrated with ^Co gamma-rays with an aluminum cover to produce
electronic equilibrium. A series of measurements have been made to assess
the appropriateness of this rather straightforward technique.
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With the dosimeters, so calibrated, dosimeter samples were exposed
to known dosas of beta-rays from 9Qsr/90Y, 2 O 4T1 (300 mm) and
uranium metal (2 mm). They were also exposed to gamma-rays (»°Co) and
X-raya (100 keV).

For photons and high energy electrons (9Qsr/90Y an<j
uranium metal) the agreement between given and measured doses was good. For
20*xi the surface dose waa underestimated by 40-508 depending upon
whether the given dose is averaged over 7-37 mg.cra"1* (as has been
proposed by a NBS sponsored workshop) or at 7 mg.caT2.

This underestimate could be corrected by using an appropriate
algorithm but it would result in over-estimate of doses from high energy
beta-rays. However, the algorithm would involve the subtraction of two
quantities and would therefore generate errors.

For this reason it is not recommended that this algorithm be used
routinely and automatically. In one special case it should be used: when
an individual's surface dose is large in relation to the whole body dose
(bearing in mind the relative limits or risks) and when there Is reason to
suspect a significant low energy beta ray component of dose.

2.4.4 Extrapolation Chamber Measurements - A.R. Jones and A.J. Hainer

The initial measurements established the true zero of the
micrometer. This was done both visually and by detection of contact between
the two electrodes by measurement of the resistance between them.

Following this, programs were written to determine Beta ray dose
rates by extrapolation which tabulate the measured current at the electrode
spacings used and then plot the differential currents against spacing to
permit dose measurement. The program provides plots of differential current
against distance to permit judgements to be made about the appropriate
extrapolation. This program was tested by applying it to data previously
gathered and to fresh data gathered for the purpose.

The purpose for generating the programs is to facilitate the use
of the extrapolation chamber both manually and automatically since its use
and data analyses are time consuming.

2.4.5 Use of Silicon Photo-Diodes to Measure Beta Doses - A.R. Jones

Although silicon photo-diodes have been applied to measurement of
beta dose rates at CRNL they could also be used for measuring beta doses
using a current to frequency converter and counter. They can, therefore, be
considered as an alternative to MOSFET detectors for use in direct reading
warning dosimeters. Because of their characteristics, the MOSFET detectors
should be better suited to operation at low dose rates but the photo-diodes
should be able to detect smaller doses. Furthermore their temperature, at
reading, presents no problem.

A circuit to use with the silicon photo-diode has been tested to
permit comparison with MOSFET detectors and TLDs carried by personnel.
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2.4.6 Calculation of Dose Conversion Factors - R.M. Holford and
D.W. Dunford

These data are required for assessment of environmental hazards
and initial work was carried out by WNRE, culminating in the production of
report TR-244 by J.W. Barnard and D. D'Arcy. CRNL has been asked to take
over and extend the work to cover additional exposure conditions. Copies of
the EDEFIS computer code and associated data files were obtained from
JtW. Barnard and the program was modified to run on the CDC computers at
CRNL. The data in TR-244 were successfully duplicated and a critical
analysis of the code has been undertaken with a view to improving its
accuracy and efficiency.

The most time-consuming section of the code, and probably the most
inaccurate, is that which computes the dose to the skin at a depth of 70 m
due to exposure to beta radiations. This calculation requires a knowledge
of the energy probability distribution for all beta particles. EDEFIS
contains functions that provide an approximation to this probability
distribution, and for comparison purposes a more sophisticated sub-routine
(BSPEC) for the same function was obtained from W.G. Cross of CRNL.
Comparisons revealed a significant error in the EDEFIS code that affected
all 70 m skin doses from positron emitters. After this error had been
corrected, agreement between EDEFIS and BSPEC was satisfactory. The codes
were also evaluated by comparing calculated values of the average beta
energy with the published values, which are available from the data file.
This agreement was also satisfactory, with a few minor exceptions. These
comparisons also showed that, by incorporating the average energy into the
dose calculations, a signifies improvement in the accuracy of EDEFIS can
be obtained without significantly increasing the execution time or the
complexity of the code. This work is continuing.

2.5 TRITIUM MONITORING

2.5.1 Quantitative Measurements of Tritium Surface Contamination -
R.G.C. McElroy, R.A. Surette, and J.R. Johnson (sponsored in part
by Ontario Hydro)

Under contract to Ontario Hydro, a study designed to recommend a
practical operational method for the measurement of tritium-on-surface
contamination down to levels less than 500 Ci/tn2 was started. This
objective could best be met by the development of a swiping technique. The
project was thus a study of the utility of swiping surfaces exposed to high
concentrations of HT.

The experimental program consisted of, largely, the exposure of
metal planchets - both type 304 and type 316 stainless steel - to high
concentrations of HT. Th2 exposures were performed in the Chemical
Engineering Branch's tritium lab. The amount of tritium absorbed was
measured by heating the planchets and then using bubblers to collect HT0.
Two sets of bubblers, separated by a heated copper oxide bed, were used.
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Thus the experiment allowed a separate determination of the amount of
activity evolved as HTO and the amount evolved as HT. Concurrent
experiments involved swiping the metal planchets with various swipe
materials and then measuring the removed activity via liquid scintillation
counting. Also we attempted to measure the surface activity with a
commercially available open window proportional counter. Experiments and
their analysis are still ongoing, but the preliminary indications are:

The choice of scintillation cocktail does not appear to be
particularly critical. We have achieved satisfactory results with both
Beckman Ready-Solv HV and Packard Pico-Fluor 15. While we do not recommend
the use of a solvent when swiping, the choice of cocktail would become more
critical if a solvent is used.

The use of a solvent does not appear to be worth the extra
nuisance. That is, satisfactory results are obtained without the use of a
solvent, and the use of a solvent is a much nessier procedure.

The choice of swipe material does not appear to be particularly
critical. He have achieved satisfactory results with both glass fiber
filters and with Ontario Hydro blotting paper. While the glass fiber
filters are marginally better, they are much more expensive.

Our results concerning the form of the tritium on the surface are
ambiguous. However, we can assert that significant HTO is evolved from
stainless steel even when the initial exposure was as HT. We observed that
when the exposure chamber was first opened, much of the initial release of
tritium was as HTO. This observation is particularly interesting when it is
noted that the exposure and subsequent storage were without oxygen being
deliberately present. We have no definite knowledge as to when the
oxidation occurs, but some observations suggest that the oxidation occurs as
the tritium desorbs.

Highly contaminated stainless steel surfaces lose activity via
desorption to the air only very slowly under ambient conditions.

We have no controlled results with respect to the effect of
surface cleanliness. The surfaces were cleaned prior to exposure according
to the recommendations of Chemical Engineering Branch. However, the tritium
exposure system is currently contaminated with pump oil and It is our belief
that this dominates the effect of any possible surface preparation.

In general, the removal efficiency was of the order of 10% but
with very large variations.

There was some evidence of regrowth of surface activity after
swiping at low levels. This was not a significant effect at high levels.
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We were unable to obtain good results pertaining to correlations
betveen swipe measurements and measurements with the commercial surface
monitor. The commercial instrument was very sensitive and had a small
dynamic range. However, it appears that the two measurements are of
different components of the surface contamination. Both are very sensitive
measures of surface contamination.

In general the differences between 304 and 316 stainless steels
pertaining to tritium surface contamination are small.

2.5.2 Passive HTO Samplers - M.J. Wood, R.G.C. McElroy and R.A. Surette

We have conducted preliminary experiments on HTO sampling using
passive HTO samplers. One of the two samplers tested was designed by John
Stephen ,on of Ontario Hydro. The Ontario Hydro design has essentially
replaced the bubblers and silica gel absorbers previously used for HTO
sampling in Ontario Hydro nuclear facilities. The second sampler was very
similar to the Ontario Hydro sampler but with a somewhat simplified design.

Although we are using the same type of sampler as Ontario Hydro we
are experimenting with different sampling techniques in order to optimize
the sampler to our needs. In particular, we are interested in using the
samplers for extended periods of time — a few days — rather than only for
tens of minutes.

An experimental test chamber has been designed and is being built.
This test chamber will enable us to conduct more controlled and quantitative
experiments on the samplers.

2.5.3 Sampling of FINS Facility for Tritium - M.J.Wood

In previous experiments with the discriminating bubbler in the
FINS facility it was observed that the HT and HTO levels varied considerably
from day to day. It was decided that a long term sampling program be
carried out with the following goals:

1. Characterize and determine the cause of the HT & HTO fluctuations in the
FINS facility.

2. Compare different sampling techniques.

3. Determine an approximate pumping rate of two types of passive samplers
by comparing bubbler measurements with passive sampler measurements.

4. Evaluate a discriminating sampler that is similar to the wet-proof
catalyst based discriminating bubbler, but modified to incorporate
passive samplers in place of bubblers.
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Preliminary results Indicate that HT Is released Into the room
from the FINS roughing pump. The HTQ levels seem only to be affected
slightly by the roughing pumps. The HT concentration spike Is very short.
This Is consistent with the high air exchange rate in the FINS facility.

Passive samplers were used in conjunction with bubblers, to
determine a pumping rate for the samplers and at the same time compare the
two techniques. Both passive samplers tested exhibited a pumping rate of
approximately 6 litres/day. This was consistent with a concurrently run
weight gain experiment. It is also consistent with Stephenson's results.
The passive sampler measurement tracked the bubbler measurements very well.
The passive samplers were found to be significantly easier to service.

A system was designed and built which has a pair of passive
samplers before and after a wet-proofed catalyst column (which oxilizes HT),
enabling HT and HTO to be determined. The results from the initial tests
have been analyzed indicate that the second (HT) passive sampler is picking
up HTO as well as HT due to the configuration of the sampling system. The
system is being modified to eliminate this effect.

2.5»4 Modulated Flow Trltlum-in-air Monitor - M.J. Wood, R.G.C. McElroy,
B.A. MacDonald and R.A. Surette

Little time has been spent on this project due to changing
priorities. Initial hardware troubleshooting has been completed and a set
of PROMS have been programmed and installed. Some difficulty was
encountered in the generation of the PROMS as the new monitor requires more
memory in order to support a printer. We also wish to implement a real time
clock. These greater memory requirements will require a change to the
memory mapping of the microproccesor. This has yet to be worked out.

2.5.5 Determination of Energy Dependence of Concentric Ion Chambers -
R.A. Surette and R.G.C. McElroy

Tests were conducted to determine if the CRNL designed, 1.3 L
concentric ion chambers had uniform gamma compensation characteristics for
gammas of various energy. Tests were conducted with X-Rays at 48, 100, 161,
205, and 248 KeV and also with Csl37, Co60, Ra226 and Irl92 gamma sources.
Two concentric ion chambers were used, one with the compensating bias the
same polarity as the measuring chamber and the other with the compensating
bias opposite polarity to the measuring chamber. Measurements were taken at
two different distances from the radiation sources.

Problems were encountered with the bias supply for the ion
chambers. The completion of this experiment was indefinitely postponed
while the effect of insulating resistance on the bias supply noise was
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investigated. The effect on signal noise of power sources with various
internal output resistances was also checked. We expect to complete the
original experiment in the new year.

Preliminary tests indicate that the compensation of these
concentric ion chambers is dependent on the energy of the interfering
radiation. This has significant consequences with respect to the cost and
benefits of providing tritium monitors with concentric ion chambers.

2.5.6 Tritium Uquid Effluent Monitor Review - R.A. Surette and R.G.C.
McElroy

The history of CRNL's experience with tritium-in-water monitors
was reviewed. Chalk River's experience has been mostly with instruments
based on the AECL designed AEP-5252, Tritium-In-Water Monitor. These
monitors have been used at Gentilly NGS, Douglas Point GS, Pickering NGS,
NPD NGS and at CRNL, some since 1969.

The most common problem associated with these monitors is one of
sample delivery. When a rigid maintenance schedule is followed, these
monitors are adequately sensitive and reliable.

2.6 NRU STACK EFFLUENT MONITOR

2.5.1 NRU Stack Effluent Monitor - A.R. Jones, R.M. Holford,
R.G.C. McElroy, A.H. Ohno and R.A. Surette

The monitor has been placed into operation to monitor noble gases,
on-line, and to gather particulate and iodine samples.

All three detectors and the sample chamber appear to be working
properly but the processor/controller does not correctly compute the
radioiodine releases. A solution to this problem and access to the computer
software are being sought. The software had been purchased by AECL but it
was not delivered before the commercial failure and dissolution of the
manufacturing company.

2.6.2 Filter Change System - R.A.Surette, and R.G.C. McElroy

Part of the positioning mechanism for the iodine 12 change system
had to be re-aligned and the lid had to be shimmed to allow the turntable to
rotate freely. No other failure has occured during this reporting period.
No problems have been identified with respect to the control and sequencing,
by the processor/controller, of the five sample change mechanisms. The
sample delivery, change mechanisms, data collection and stabilization
control have been operating as expected.
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2,6,3 Particulate and Iodine Detectors - R.M. Holford and R.A, Sucette

Several problems, mainly relating to data analysis have been
Identified.

Tests were conducted of the iodine sampling system, with Barium
133 to simulate Iodine 131, in order to establish how the
processor/controller processes the data. All the detectors appear to
function properly except that there is a ten fold overestimation of the
calculated release.

The noisu level of the iodine release calculations appears to be
set by the least sensitive detector. This limits the sensitivity at low
levels. The sample filters from the iodine low level detector are currently
being collected and measured by the R&IS branch. This data will be compared
with chat produced by Che processor/controller.

The change from the Iodine LOW range to the Iodine HI range does
not proceed as intended. The result is that there is a 20 tinute delay
before the data collected on the HI range is valid. This is because the
processor/controller does a filter change and background count on that
detector before gathering real data.

Solutions to these problems are currently being investigated.

2.7 RADIATION INSTRUMENT DEVELOPMENT

2.7.1 Analytical Tritium Monitors for CRITIC-1 - R.A. Surette and R.G.C.
McElroy

We were requested uo supply four ion chambers suitable to
deterraln the tritium release from the in-situ sweep gas tests. Four 125 raL
Ian. chambers using conventional vacuum components were designed, fabricated
and tested. The units were delivered to the Chemical Engineering Branch in
mid September.

2.7.2 HTO/HT Discriminating Monitor - R.G.C. McElroy, M.J. Wood, and
R.A. Suror.te (Sponsored in part by CFFTP)

Responsibility for the development, construction and delivery of
two Nation based HTO/HT disctlminating tritium monitors has reverted to the
Dosimetrlc Research Branch. Of first priority will be the delivery of a
sepat'ator unit, based upon our original prototype discriminating monitor, to
the RaduitLuu iiosinietry Research Group at Harwell. Delivery is scheduled
for March.

The .3eparntor unit has beoa designed and all the parts have been
ordered.
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2.7.3 Wet Proofed Catalyst Bubbler System - M.J. Wood and
R.G.C. McElroy (sponsored In part by CFFTP)

While an oxidation efficiency of greater than 90% is all that is
really required for stack sampling applications, our CFFTP partners felt
that a higher oxidation efficiency would improve the sampling system's
commercial acceptance. We have therefore decided to use two columns in
series. For flow rates of up to 1 litre/minute an oxidation efficiency of
at least 99% can be expected, for operating temperatures between 10 and 40
degrees C. We are recommending this dual column system for use in the Chalk
River Tritium Extraction plant.

2.7.4 Product and Process Monitors - M.J. Wood and R.G.C. McElroy
(sponsored in part by CFFTP)

Responsibility for the product and process monitors for the Chalk
River Tritium Extraction Plant has reverted to the Dosimetric Research
Branch. We have investigated the power supply requirements for these
monitors and will issue our recommendations soon.

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

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

The initial experiments were reported in the previous progress
report. Most of the work this half has consisted of a continuation of the
study of the IV characteristics for various wire spacing and counting gases.
No further work has been done since the departure of Mr. Bonnel at the end
of the summer. Instead most of our efforts have been devoted to the surface
measurements via swiping — reported elsewhere.

It Is our present opinion that, while open window air proportional
counters show promise for Burface measurements, the availability of viable
alternative measurement techniques, viz swiping and commercially available
open window proportional counters using conventional counting gases,
precludes assigning a high priority to the continuation of this work.

2.7.6 Liquid Level Detection UBing a 90Sr/9QY Source and a
Photodlode - A.R. Jones and A.H. Ohno

A circuit has been developed for the environmental dosimetry
branch which can be used to detect when a beam of beta-rays falling on a
photodiode has been broken by a rising liquid level.
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2.7.7 Monitoring of X-Ray Beam - A.R. Jones and A.J. Hainer

A monitor ion chamber haa been installed in the path of the 320 KV
X-ray set so that the dose along an axis can be measured without placing a
dosimeter at the point of interest which may be occupied by the irradiation
target* The long term object is to facilitate automatic control and
measurement of dose. Even manually, the convenience of operation is
improved•

A series of measurements relating in monitor chamber charge to a
axial exposures has been measured at various energies (33 - 205 KeV, higher
X-ray tube energies could not be studied because instability occurred at the
highest voltages) and various distances (1 - 3.5 m) and two different
collimators.

With the narrower collimator the exposure rate was proportional
to:

exp - (A x)
x2 (where x is the distance) to within + 2% so

that exposure can be estimated at all distances between 1 and 3.5 m by
interpolation.

The off-axis variation was studied and, with collimators removed,
it was founded that the X-ray beam emerged at about 80° from the tube axis.

The effects on the uncertainty in the ratio exposure divided by
monitor ion chamber charge for beam current and voltage were measured. Over
the range 1 - 10 mA the ratio was constant within + 2%. From random
fluctuations in the beam voltage the contribution to the uncertainty was
+1.4%.

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

The engineering prototype has been field tested and the drawings
modified to reflect requriements arising from field test.

2.7.9 Doorway Monitoring - A.R. Jones, R.M. Holford and W.F. Richter

The hardware has been designed and a laboratory prototype has been
tested.

2.7.10 Long Term Testing of MOSFET Radiation Detectors - A.R. Jones

A sample of two MOSFET detectors have been monitored for 13 months
from the view point of long term stability. Two were unexposed and the
others were exposed to 10 R of 60Co Gamma-rays. The detector outputs
were read at intervals while being kept at 29 + 1°C.

The exposed dosimeters showed an increase in reading up to 17% in
the first month but remained stable in the following year (standard
deviation for successive readings is less than or equal to 2.4%).
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If measurements are made over a one year period it is concluded
that the lowest detectable exposure is about 0.5 R.

2.7.11 1-125 Area Monitor - R.M. Holford

The remaining problems with this instrument have been solved, and
in October it was moved to the vicinity of the 1-125 Production Facility
attached to the NRU reactor. Apart from a couple of minor problems, it has
been operating satisfactorily since that date. A draft operating manual has
been produced and a full report Is being prepared.

2.8 RADIOCHEMICAL ANALYSES

2.8.1 Radium in Urine - G.H. Kramer

A new method for radium in urine is being examined. The work is
still in the preliminary stages but it is hoped that a new faster method
will result from these studies. It is proposed to separate radium by the
following protocol; coprecipitate the radium with calcium phosphate from
raw urine, ash the precipitate with a mixture of perchloric, nitric and
phosphoric acids and then separate the radium from calcium (and many other
cations) by a fuming nitric acid precipitation. The resulting precipitate
is dissolved in alkaline EDTA and the radium coprecipitated with barium
sulphate in a form suitable for direct alpha counting.

Results obtained so far indicate that this will be a promising
method.

2.9 METABOLIC STUDIES

2.9.1 Metal Ion-Amino Acid Studies - G.H. Kramer

This research has been cancelled in favour of other projects that
will yield with a better chance of success given the limited manpower
available.

In summary, this project has examined the following topics:

The hydrolysis of the uranyl ion, U02^+, under physiological
conditions (temperature = 37°C, medium of NaCl and Ionic strength of 0.15
mol/L). This work will be discussed in full in a forthcoming publication
(AECL-9266).

The complex formation of the uranyl Ion and glycine and the uranyl and
alanine under physiological conditions were also studied. The results
obtained defy interpretation, and it was decided that we could not allocate
sufficient resources to pursue this work further.
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2.9.2 Carbon-lfr Partleulates in the Rat Lung - J.R, Johnson and
G.H. Kramer (Supported by Ontario Hydro)

Carbon-14 particulate material collected from air samplers at
Pickering GS were intubed into cat lungs to study its retention. It was
found that negligible amounts of the C-1A was transferred to other tissues;
the main route of excretion being by fecal excretion* These results and the
comparison to l^CeOg (which was co-intubed) retention, support the
selection of ICRP Class Y to describe the retention and excretion of this
carbon material.

2.9.3 Thorium fy Factor - J.R. Johnson and E.S. Lamothe (supported by
Eldorado Resources)

We have completed a literature review for Eldorado Resources to
see if a better estimate of the £\ factor and hence of the lngestion dose
conversion factor could be derived for thorium using data for naturally
occurring thorium in food* From this review, it is suggested that a f^
factor for the dietary intake of thorium is in the range of 0.001 to 0.01.
A value of 0.005 would be an appropriate number to select for use in
environmental assessment studies. A report summarizing our findings is
completed.

2.9.4 The Assessment of Tritium on Surface Hazards (II) Biological
Studies - E.S. Lamothe and J.R. Johnson (supported by Ontario
Hydro)

This project concerns the metabolic behaviour of tritium following
percutaneous uptake from surfaces, the estimation of the resultant dose
equivalent and an examination of methods of preventing contamination or of
decontaminating skin if contamination does occur* To date, 26 hairless rats
have been exposed to planchets after exposure to tritiated hydrogen gas.
Retention measurements of OBT in skin, liver and other tissues have been
initiated. These results will be used in the development of metabolic
models.

The development of a cheap and easy method to measure the
organically bound tritium (OBT) in urine has been initiated. Preliminary
resuls indicate that aep pak mini ion exchange columns do not effectively
separate OBT from urine. Home-made mini separation columns are being
investigated.

The testing of methods of preventing contamination of the skin and
of decontaminating the skin should contamination occur has been started.
The autoradiographic study of the spatial relationship between tritium
deposition and skin structure has also been started.

2.9.5 Age Dependent Radioiodine Dosimetry - J.R. Johnson

A review of the metabolism and dosimetry of radioiodine as a
function of age has been completed and presented at the CEC Workshop on Age
Dependant Factors in Metabolism and Dosimetry. The review will be published
in the Workshop proceedings.
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ICRP Lung Model - J.R. Johnson

A revised model to describe deposition, retention and excretion of
inhaled aerosols has been developed in conjunction with the ICRP Task Group
on lung models. The results from this revised model will be compared to
experimental results, and reviewed by the Task Group as a possible model to
replace the current ICRP model.

2.10 EMPLOYEE MONITORJN'U fPOGRAM

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

See Tables 2.10.1.1, 2.10.1.2. and 2.10.1.3.

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

Since the last report (PR-PHS-HS-1) there have been three
whole-body radiation dose exceeding the 600-mrem two-weekly administrative
control limit, one skin dose exceeding the 1600-mrem two-weekly
administrative control limit and six extremity doses exceeding the 4-rem
two-weekly administrative control limit.

Distributions of radiation doses In the fourteen-week period
ending 1986 December 31 and in the calendar year to this date are given in
Tables 2.10.2.1 to 2.10.2.4.

2.10.3 Hand Radiation Doses - C.E. Thibeau and R.G. Gallagher

In the fourteen-week period ending 1986 December 31 and in the
calendar year to this date the following distributions of extremity doses
were measured by finger-tip TLDs.

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

117
25
16
5
3
0
0
0
0
0
0

Calendar
Year

165
58
26
10
6
3
6
2
4
0
4

Radiochemlcal
Fourteen
Weeks

26
12
6
3
2
2
0
0
1
0
2

Company
Calendar
Year

24
15
3
5
4
3
0
9
0
3
5



Table 2.10.1.1

DISTRIBUTION OF TRITIUH EXPOSURE AT CRNL

1986 July 1 - September 30

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

TOTALS

% of Persons

0-49
mrem

9
0
1
11
20
0
0
31
34
35
2
63
0
0

206

69.4

50-99
mrea

0
0
0
0
8
0
0
9
2
9
0
47
0
0

75

25.3

100-199
mrem

0
0
0
0
1
0
0
5
0
0
0
10
0
0

16

5.4

NUMBER

200-299
mrem

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

0

0.0

OF TESTED

300-399
orem

;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

9
0
1
11
29
0
0
45
36
44
2

120
0
0

297

100

Total
mrem

1
0
A
44
917
0
0

1490
625
1048
36

5719
0
0

9844

I

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.

(4) SSSC does not include branches listed separately.



Table 2.10.1.2

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1986 October 1 - 1986 December 31

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

TOTALS

% of Persons

0-49
mrem

12
2
2
6
16
15
14
30
14
26
0
9
0
0

146

49.2

50-99
mrem

0
0
0
0
4
40
1
8
14
16
0
0
0
0

83

27.9

100-199
mrem

0
0
0
0
7
27
0
9
2
0
0
0
0
0

45

15.2

NUMBER

200-299
mrem

0
0
0
0
4
9
0
0
0
2
0
0
0
0

15

5.1

OF TESTED

300-399
mrem

0
0
0
0
1
3
0
2
0
0
0
0
0
0

6

2.0

PERSONS IN

400-499
mrem

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

1

0.3

GIVEN DOSE RANGES

500-999
mrem

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

1

0.3

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

12
2
2
6
32
95
15
50
30
44
0
9
0
0

297

100

Total
mrem

17
0
0
21

2971
11087
174

3391
1487
2016

0
11
0
0

21175

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.

(4) SSSC does not Include branches listed separately.



Table 2.10.1.3

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1986 January 1 - 1986 December 31

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

TOTALS

% of Persons

0-49
mrem

38
4
9

21
19
6
14
23
13
28
2
15
3
0

195

46.7

50-99
mrem

0
0
0
0
5
7
1
12
7
5
0
0
0
0

37

8.9

100-199
or em

0
0
0
2
3

21
0
7
6
10
1
0
0
0

67

16.0

NUMBER

200-299
mrem

0
0
0
2
3
21
0
7
6
10
1
0
0
0

50

12.0

OF TESTED

300-399
mrem

0
0
0
0
0
21
0
3
2
0
0
0
0
0

26

6.2

PERSONS IN

400-499
mrem

0
0
0
0
2
12
0
2
0
2
0
0
0
0

18

4.3

GIVEN DOSE RANGES

500-999
mrem

0
0
0
0
6
14
0
5
0
0
0
0
0
0

25

6.0

1-3
rem

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

0

0.0

3-5
real

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

38
4
9
24
43
102
16
59
40
61
4
15
3
0

418

100

Total
mrem

105
2
12
827
7140

30043
551

8898
4341
6590
365
37
1
0

58912

NOTES TO TABIE 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 AECI.-7744.

(3) The numbers in the last column are t>ose th=" actually result from the method of dose calculations, and are not
intended to represent a number ot si^n.'fir-uc figures.

(4) SSSC does not include branches listed separately.
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TABLE 2 . 1 0 . 2 . 1

CRNL - Whole Body Doses

DOSE RANGE
(rent)

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks
No. of
monitored
persons

538
1888
77
7
0
0
0
0
0

54 mrem

69 mrem

Total
Dose
(rem)

0
74.66
52.32
8.463
0
0
0
0
0

Calendar Year
No. of

monitored
persons

24
2195
113
57
45
31
21
14
10

228 mrem

230 mrem

Total
Dose
(rem)

0
127.50
85.96
71.42
79.15
68.03
58.17
44.95
36.79
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TABLE 2.10.2.2

Radiocheraical Company* - Whole Body Doses

DOSE RANGE
(rent)

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1,49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks
No. of

monitored
persona

188
275

3
1
0
0
0

42 rorem

70 mrem

Total
Dose
(rem)

0
16.02
2.30
1.08
0
0
0

Calendar Year
No. of

monitored
persons

116
316
29
4
1
0
1

123 mrem

164 mrem

Total
Dose
(rem)

0
29.28
19.19
4.52
1.64
0
2.83

* Including Medical Products Division
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TABLE 2 . 1 0 . 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
4.00 - 4.49
4.50 - 4.99
5.00 - 5.49

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks
No. of
monitored
persons

538
1871
78
18
5
0
0
0
0
0
0
0

62 mrem

79 mrem

Total
Dose
(rem)

0
75.22
52.24
20.71
8.16
0
0
0
0
0
0
0

Calendar Year
No. of
monitored
persons

24
2155
113
80
43
37
19
12
13
11
2
1

265 mrem

268 mrem

Total
Dose
(rem)

0
122.15
83.57
99.13
76,95
82.08
52.44
38.90
48.43
46.95
9.16
5.35
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TABLE 2.10.2.4

Badlochemlcal Company - 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

Average dose
per monitored
person
Average dose
per exposed
person

Fourteen Weeks
No. of

monitored
persons

188
271

7
1
0
0
0

48 mrem

80 mrem

Total
Dose
(rem)

0
16.16
5.00
1.09
0
0
0

Calendar Year
No. of

monitored
persons

116
312
29
7
2
0
1

134 mrera

179 mrem

Total
Dose
(rem)

0
28.63
19.64
8.30
3.46
0
2.70
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2.10.4 Bioassay Laboratory - G.H. Kramer

2.10.4.1 Quality Assurance

The quality control program has shown that the bloassay laboratory
is working satisfactorily and that the methods and equipment are performing
as expected. A series of QC failures for the gross beta and gamma method
was found to be due to equipment malfunctions and physical deterioration of
the gamma standard respectively. Recalibration and the preparation sf a
more robust standard have solved the problems and the methods have been
performing satisfactorily since.

More new procedure manuals have been written to describe methods
of performing the tests or operate the equipment in the optimum manner.
These documents are known as Dosimetric Research Branch Technical Documents
(DRTD) - the new titles are shown in Section 2.13.

2.10.4.2 Sample Scheduling

Computer listings of' branch personnel continue to be sent to the
branch managers requesting that they supply their needs for bioassay testing
and In-Vivo monitoring for their staff.

Currently, approximately 50% of all scheduled bioassay tests are
late and we have reduced the number of unscheduled tests being performed
from 70% to 30%.

2.10.4.3 Database Expansion

The database has been expanded to encompass both the bioassay
database and the personnel radiation reporting system into one database.
Security of the files has also been substantially increased against
accidental or intentional purging.

The bioassay laboratory QC data is also kept within the database
so that control charts are now generated on a weekly basis from the database
and not maintained by hand as was done previously.

The database is also available for general use by the specialised
routine XTERNAL.

2.10.5 Commercialization of Bioasssay Service - G.H. Kramer

The prices for the various procedures described in the commercial
brochure have been established and the first mailing has been sent out.

2.10.6 In-Vivo Facility - G.H. Kramer

2.10.6.1 Quality Assurance

The new QC procedures have shown that the In-Vivo facility has
been performing satisfactorily over this review period.
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More new procedure manuals have been written to intimately
describe to the correct methods of operating the equipment in the optimum
manner - the titles are shown in Section 2.13.

2.10.6.2 Calibration of the Phoswich Detectors for Fecal Samples

The phoswich detectors have been calibrated for the measurement of
Plutonium and Amerlclum in feceB. The efficiency of the system has been
measured as a function of detector separation distance for a variety of mock
fecal samples; some spiked with Am-241, some with Pu-239 and some spiked
with both. The minimum detectable activity (MDA) are estimated to be as
follows: 17 p d (Am-241 at 17 keV), 4 pCi (Am-241 at 60 keV) and 350 pCi
(Pu-239 at 17 keV). The work is still continuing.

2.10.6.3 Consolidation of the Phoswich Detectors

It is intended to consolidate the phoswich counters in the iron
room (optimized for low energy photons) with the large phoswich detector
currently used for measuring U-235 ln-vivo.

The mobile stand for the lung counting phoswich detectors has been
modified so that they can be well supported, the patient bed has been
modified so that the mobile stand can be wheeled underneath it, the U-235
detector has been mounted on a stand that has vertical movement and the
wiring la all in place. The work is continuing.

2.11 MONITORING FOR MYELOID LEUKEMIA EXPERIMENT

2.11.1 X-ray Dosea - A.R. Jones and A.H. Ohno

For practical reasons, the TLDs used in the measurement are
outside the cages containing mice. To relate the dose to the mice to the
exposure measured, TLDs were placed on the front and back of the x-ray sets
as well as being surgically implanted inside the mice. This was done for
three positions (1, 2 and 3 grays) where racks of cages were placed.

It was found that the exposure to the mice was better correlated
to the exposure at the front of the cage than to that at the rear or to a
mean (arithmetic or geometric) of the two. A further correction was made
for the conversion from exposure to dose in mouse bone marrow. [The RBE of
22 MVP x-rays, *°Co gamma-rays and 200 kVP x-rays: Absorbed Dose to the
Bone Marrow in the rat and mouse, Radiation Research JL6_, 336 (1962).]

During the course of the exposures the original x-ray tube working
at 200 KV has had to be replaced by another working at 150 KV and a new set
of measurements have been made to expose the mice to 1, 2 and 3 Gy.

For controlling the dose and the time profile an Ion chamber has
been installed which provides an output pulse train fed to a sealer and a
count rate meter. This system has been calibrated.

Measurements of doses for each exposure are in progress.
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2.11.2 Tritium Doses - J.R. Johnson

Concentrations of tritium In urine are estimated from urine
collected in metabolic cages for 14 days post injection. By this time,
concentrations have decreased to about a factor of 20 below the initial
concentrations. Further measurements to estimate the contribution from
organically bound tritium to the dose to bone marrow cells are planned.

2.11.3 Tritium in Air - M.J. Wood

An extensive monitoring program of the animal facility has been
carried out to monitor the HTO levels throughout the course of the tritium
injections. The results of these measurements confirmed that the tritium
concentration in air was low, as predicted by calculation based on the
ventilation ratee. The monitoring program also enabled us to demonstrate
the utility of passive samplers in such an application. The use of the
passive samplers allowed more extensive monitoring than would otherwise have
been the case.

2.12 TRAINING

2.12.1 Tritium Safe Handling Course - J.R. Johnson, R.G.C. McElroy,
G.H. Kramer, R.A. Surette, M.J. Wood and J.W. Leon and other
branches (CFFTF Sponsored)

Various members of the branch contributed to a CFFTP sponsored
Tritium Safe Handling Course in late October. Branch personnel contributed
to a lecture on the Biological Hazards and the Dosimetry of Tritium, a
lecture on Tritium Monitoring, a laboratory session on tritium dosimetry and
a laboratory session on tritium monitoring.

2.12.2 Internal Dosimetry Course - E.S. Lamothe

A short, 3-day course on the Practical Assessment of Internal
Contamination has been coordinated and will be given In May 20-23, 1987.
This 3-day course has been designed to provide participants with the basic
requirements for the assessment of internal contamination. The course will
review the fundamentals of internal dosimetry, the purpose and development
of monitoring programs and the calculation of internal doses. The principle
lecturers will be J.R. Johnson, E.S. Lamothe, G.H. Kramer and R.G.C.
McElroy. Other courses are being considered.

2.12.3 Indonesian Training Program - J.R. Johnson

Three staff members from BATAN In Indonesia have been trained in
radiation protection procedures, monitoring, and dosimetry. A two month
trainng in radiation protection management was completed in August. This
was followed by two four month training programs, one in external dosimetry
(supervised by A.R. Jones) and one in internal dosimetry monitoring
(supervised by G.H. Kramer).
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2.13 PUBLISHED PAPERS, REPORTS, ETC.

2.13.1 Published Papers

Cross, W.G., "Characteristics of Track Detectors for Personnel Neutron
Dosiraetry". Nuclear Tracks l£ (1986) 533.

Cross, W.G., Arneja, A., and Ing, H,, "The Response of Electrochemically-
etched CR-39 to Protons of 10 keV to 3 MeV", Nuclear Tracks 1£ (1986) 649.

2.13.2 Reports

Surette, R.A. and McElroy, R.G.C., "Field Performance of Chalk River
Designed Tritium-in-Water Monitors", CRNL-4U4.

Holford, R.M., "Floating Point Routines for COSMAC (1802) Microprocessor",
AECL-9346.

Johnson, J.R., "A Literature Review of Thorium Uptake, Retention and
Excretion", A Report Written for Eldorado Resources.

Johnson, J.R. and Kramer, G.H., "Retention and Excretion of the Carbon-14
Particulate Material in the Rat Lung", A Report Written for Ontario Hydro.

Johnson, J.R. and Peterman, B.F., "Metabolism of Tritium Uptake Due to
Handling of Metal Surfaces Exposed to Tritlated Hydrogen Gas", A report to
CFFTP on work performed under purchase order 15-30375-11.

2.11.3 Formal Presentations

Jones, A.R. and Sanders, J.M.*, "A New Solid State Beta Dosimeter",
Presented at the 8th International Conference on Solid State Dosimetry,
Oxford, August 26-29. ^Canadian Astronautics Ltd., Ottawa.

Jones, A.R., "A Comparison of Two Methods of Rapidly Heating Thick TLDs",
Presented at the 8th International Conference on Solid State Dosimetry,
Oxford, August 26-29.

Johnson, J.R., "Age Related Factors in Radionuclide Metabolism and
Dosiraetry", Presented at CEC Workshop, November 26-28, Angers, France.

Johnson, J.R., Lecture delivered at the CFFTP sponsored Tritium Safe
Handling Course, Chalk River, 1986 October.

Johnson, J.R., Lecture delivered at the Radiation Protection Course, Chalk
River, 1986 October.

Kramer, G.H., "Who, What, When, How, Why", Invited paper at the 32nd Annual
Conference on Bioassay, Analytical and Environmental Radiochemistry,
Washington, D.C., 1986 October 20-24.
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Kramer, G.H., "The Preparation and Measurement of Personnel Air Samplers
Used at Chalk River Nuclear Laboratories", Presented at the 32nd Annual
Conference on Bioassay, Analytical and Environmental Radiochemistry,
Washington, D.C., 1986 October 20-24.

Kramer, G.H. - "The Analyses of Carbon-14 in Urine and Feces", Presented at
the 32nd Annual Conference on Bioassay, Analytical and Environmental
Radiochemistry, Washington, D.C., 1986 October 20-24.

Kramer, G.H. - "Summary of the Conference", Invited paper at the 32nd Annual
Conference on Bioassay, Analytical and Environmental Radiochemistry,
Washington, D.C., 1986 October 20-24.

McElroy, R.G.C. - "Tritium Monitoring", a lecture delivered at the CFFTP
sponsored Tritium Safe Handling Course, Chalk River, 1986 October.

McElroy, R.G.C. - "Radiation Dosimetry I & II", Two lectures delivered at
the Radiation Protection Course, Chalk River, 1986 October.

2.13.4 Technical Documents

Brunette, J.D. and Kramer, G.H. - In Vivo Facility Procedure Manual #3: The
Lung Counter. DRTD-86-11.

Brunette, J.D. and Kramer, G.H. - In Vivo Facility Procedure Manual #4: The
Thyroid Counter. DRTD-86-12.

Brunette, J.D. and Kramer, G.H. - In Vivo Facility Procedure Manual #5: The
Thoron-in-Breath Counter. DRTD-86-13.

Kramer, G.H. - The Estimation of Tritium in Urine and Water Samples.
DRTD-86-15.

Kramer, G.H. - The Gross Beta Screening Procedure. DRTD-86-16.

Kramer, G.H. - The Gross Alpha Screening Procedure. DRTD-86-17.

Kramer, G.H. - The Analysis of Total Uranium in Urine. DRTD-86-18.

Kramer, G.H. - Sample Handling and Identification for Further Processing.
DRTD-86-19.

Kramer, G.H. - The Estimation of Carbon-14 in Urine. DRTD-86-20.

Kramer, G.H. - The P.A.S. Handbook - Preparation and Measurement.
DRTD-86-21.

Kramer, G.H. - Recommendation Levels. DRTD-86-22.

Kramer, G.H. - Measurement of Creatinlne in Urine. DRTD-86-23.
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Kramer, G.H. - The Gross Gamma Screening Procedure: -Low and High
Resolution Spectcometry. DRTD-86-24.

Kramer, G.H. - The Estimation of Nickel-63 in Urine. DRTD-86-25.

Kramer, G.H. - The Estimation of Chlorine-36b in Urine. DRTD-86-26.

Kramer, G.H. - The Estimation of Sulphur-35 and/or Phosphorous-32 in Urine.
ORTD-86-27.

Kramer, G.H. - The Estimation of Radium in Urine. DRTD-86-28.

Kramer, G.H. - Action Procedures for Samples Showing High Activity.
DRTD-86-32.

Kramer, G.H. - In Vivo Facility Procedure Manual H - The Uranium Counter.
DRTD-86-33.

Kramer, G.H. - Work Schedule for the In-Vivo Facility. DRTD-86-34.

Kramer, G.H. - The BRAN Number. DRTD-86-35.

Kramer, G.H. - Instrument Configurations. DRTD-86-36.
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(Edited by R.VJ.D. Killey)
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- Meteorological Measurements for Atmospheric Dispersion Studies
- Heated Plume Studies
- Tritium Dispersal and Deposition from a Release of HT

3.3.2 DRAINAGE BASIN STUDIES
- Streamflow Generation
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3.3.3 FLOW AND CONTAMINANT TRANSPORT IN GROUNDWATER
- Groundwater Systems Analysis
- Groundwater Flow Modelling a t the Proposed SLB-P1 S i t e
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3.3.4 LAKE AND RIVER PROCESSES
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- Behaviour of Radiotracers in Lake Water/Sediment Systems

3.3.5 BIOLOGICAL PROCESSES
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3 . 4 . 1 INTRODUCTION
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- RITE (DARB)
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- CRNL Tritium Release and Deposition
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3.4.3 ASSESSMENT CRITERIA AND STANDARDS

3.4.4 FIELD STUDIES
- Survey of Saline Springs on the Ontario Precambrian Shield
- Uranium Series Indicators of Saline Waters of the Nipigon

Basin
- Bedrock Groundwater Flow to Surface
- Sediment Survey of Lac du Bonnet Area Waters for Groundwater

Discharge
- Performance Testa of the Sediment Probe
- Assessment of the Proposed SLB-P1 Site
- Evaluation of the Effectiveness of the Impermeable Cover on
Waste Management Area C

- Site Capacity Studies for Shallow Land Burial

3.5 ANALYSIS AND MONITORING

3.5.1 INTRODUCTION
3.5.2 INSTRUMENTS, METHODS, AND ANALYSES

- Development of Software in Support of the Nuclear Data 6700
Data Acquisition System

- Electronic Instrumentation
- Analytical Quality Assurance
- The Effect of High Chloride Concentration on the Determination

of Common Anions by Ion-Chroraatography
- Analytical Instrumentation
- Determination of Iodine-131 and -125 in Milk
- Uranium Analysis of NBS Standard Material
- Measurement of Ultra-Trace Levels of Th
- Organic Carbon Determinations

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
- Phosphorus-32 Production in NRX Coolant Water
- Argon-41 in the CRNL Stack Effluent
- Tritium Concentrations near the TEP Site
- Tritium in Surface Waters in the Vicinity of CRNL
- Tritium Migration from Area C
- Water Budget Analysis
- CRNL Climatological Report
- Hydrologic Data at Perch Lake
- Monitoring Radioactive Fallout from the Chernobyl Reactor

Accident

3.5.4 MONITORING IN ASSOCIATION WITH OUTSIDE AGENCIES
- Canadian Air and Precipitation Monitoring Network (CAPMON)
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3.5.5 TRAINING ACTIVITIES
- Attachees for Training
- Tritium Safe Handling Course

3.6 PUBLICATIONS AND PRESENTATIONS

3 . 6 . 1 PAPERS AND PROCEEDINGS

3 . 6 . 2 REPORTS

3 . 6 . 3 CONFERENCE PRESENTATIONS
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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, and
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

Analysis of the six minute argon-4l data collected in 1970-76 has been
completed. Results have yielded no further insight into atmospheric dispersion
at CRNL. The data were used to test a Gaussian plume model that predicts
downwind concentrations- The increased frequency of concentration and
meteorological measurement does not result in better agreement between
observations and predictions than when hourly averaged data were used. For
example, mean wind direction (possibly the most important variable when
estimating the concentration at a specific location) is better estimated from
analog chart than from 10 Instantaneous readings per hour.

The observed concentration data were used in an attempt to Identify
conditions that lead co either small or large differences between observations
and predictions. A wide range of concentrations was found to occur during
apparently similar meteorological conditions and no particular set of weather
conditions that exacerbate differences between predicted and measured argon-4l
concentrations could be identified. There were, however, isolated occurrences
of high concentrations that could only be explained with a lower effective stack
height.

It was previously reported that, when atmospheric stability at CRNL is
classified on the basis of wind and temperature gradients (the Pasquill-Gifford
system), there is a higher frequency of unstable classes than is estimated for
Petawawa by the commonly used STAR weather classification. Observed and
predicted argon-Al concentrations (normalized to unit wind speed) have been
compared for each Pasquill-Gifford stability class. On average, predictions for
stability class B (which is unstable) underestimated average observed
concentrations. The observed average concentration was closer to predictions
for stable weather conditions. This indicates that there is a relatively high
frequency of stable atmospheric conditions at CRNL that are not associated with
a temperature inversion. This conclusion concurs with our current measurements
of the standard deviation of the wind direction, which gives a direct measure of
horizontal dispersion. There are frequent low values of standard deviation in
wind direction, which are generally associated with the stable conditions
indicated by the Ar data. These results emphasize the need for direct methods
of measuring atmospheric dispersion parameters.

Meteorological Measurements for Atmospheric Dispersion Studies -
E. Robertson, F.C. Brown, W.J. Seattle

Another step toward on-line data processing and storage has been
achieved. Three minute averages and standard deviations of 10-second wind and
temperature data transmitted from the Perch Lake tower are now computed
continuously and displayed on a video terminal in Rm 147 in Bldg. 513. At any
instant 5 three minute data sets are visible on the screen. This allows
improved assessment oE weather conditions and provides a direct estimate of
horizontal dispersion. We still lack equipment for on-line storage of these
data.
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Heated Plume Studies - W.N, Selander (Math and Computation Branch)

temperature profiles measured in the field experiments have been
processed on a line-by-line basis, using the lateral plume growth model
described in the previous progress report (AECL-9263). The modified Gaussian
dispersion model provided a satisfactory fit to the data in the majority of
cases* Some variations in the model were tried to assess the sensitivity of the
fitted parameters. The lateral dispersion parameters extracted from the fitted
Gaussian widths show no systematic vertical variations, and can therefore be
averaged over the plume height. As expected they are close in magnitude to the
Pasquill-Gitford dispersion parameters for type A-B weather, and show the same
characteristic dependence on downwind distance, i.e. cy^oix * at these
distances, where ay is the characteristic gaussian width parameter for a point
source•

Tritium Dispersal and Deposition from a Release of HT - R.M. Brown,
W.J. Workman, S-R. Gentner, Z. Franic, D. Wildsmith, E. Robertson,
P.J. Barry, with personnel of Ontario Hydro Research Division

Large amounts of elemental tritium (HT or T2) will be handled in
tritium removal plants under construction in Canada and in future fusion reactor
systems. The most important process affecting the impact of any release from
such plants is the conversion of HT or T2 to HTO, a much more radiotoxic form of
tritium. A series of experimental releases of HT at CRNL has been planned
jointly by CRNL and Ontario Hydro with co-funding by the Canadian Fusion Fuels
Technology Program (CFFTP) to do definitive studies of the oxidation and
deposition of tritium from a plume of HT. The first of these was performed 1986
August 25 after one week of delay due to unfavourable wind conditions.

This experiment was intended to provide experience in the operational
aspects of an HT release study, test the effectiveness of the release, sampling
and analysis procedures and give preliminary data on which to base plans for
future releases. In practice, the experiment went so well that significant
results were obtained on the extent of conversion of HT to HTO under field
conditions, the rate of transport of tritium from the HT plume to soil and
vegetation, and the subsequent transfer of tritium in the atmosphere-
soil-vegetation system. The release was conducted at the CRNL Meteorological
Field. 700 GBq (« 19 Ci) of HT in Ar contained at atmospheric pressure in a 1 L
stainless steel cylinder were released over a 30 minute period by displacement
with water syphoned from a head tank at a remote control point. This system had
the advantages that the HT need not be pressurized, all of the HT in the
container could be released, the release rate could be easily controlled by the
rate of influx of water from the remote reservoir, and no mechanical pumping was
required. It worked well.

Thirteen HT/HTO samplers as described in the last progress report
(AECL-9263) were constructed and used. The plume was sampled continuously
through the release at 5, 50, 200, 300 and 400 m distances from the release
point with 5 cross-wind sites at the 50 and 200 m distances. Atmospheric HTO
was also sampled at the centre line points 1 hour after the release. Segmented
soil cores and vegetation were taken at the air sampling sites 1, 5, 16, 48
hours and 10, 21, and 46 days after the release. In all, about 300 samples were
analyzed, half at Ontario Hydro Research, Toronto, and half at CRNL.
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The results of prime importance from this release were the low
concentrations of atmospheric HTO observed during the release indicating a very
slow rate of oxidation of HT in f.he atmosphere. At 5 m distance, the HTQ/HT
ratio was 3 x 1 0 ; at 400 m the ratio was 3x10" h. If all observed HTO is
attributed to oxidation of HT in the atmosphere, an upper limit of 0.5%
oxidation/hour is indicated. In fact, the oxidation rate must have been much
less than this since similar HTO concentrations were observed in the absence of
the HT plume 1 hour after the release, indicating that most of the HTO observed
during the release was tritium which had been oxidized on the soil surface and
then returned to the atmosphere.

Deposited HTO appeared initially in the 0-2 cm soil layer indicating
that HT did not penetrate very far before It was oxidized. The tritium content
of the soil column decreased rapidly during the first few days reaching a steady
value by 10 days when only 10% of the originally deposited tritium remained,
about half in the 0-2 cm layer and half in the 2-7 cm layer. By 21 days the
majority of the HTO was in the 7-22 cm layer. Deposition velocities to the soil
(Vg) ranged from 0.04 to 0.13 cm»s at the different sites, comparable to
exposure chamber measurements reported by others.

HTO in vegetation (grasses, moss, blackberry leaves) increased during
the first 8 hours after the release, then decreased approximately exponentially
with time. Evidently deposition directly from the plume was minor.
Concentrations were usually less than in the 0-2 cm scil layer but higher than
in the lower layers.

In October a two day meeting with scientists from France, Federal
Republic of Germany, Japan, United Kingdom and United States was held at
Chalk River to determine international interest in an HT dispersion study at
Chalk River in 1987. All parties expressed interest in participating in such an
experiment which would complement the 1986 CRNL experiment and larger scale
releases underway in France under CEC auspices. A more detailed plan is to be
drawn up by CRNL - Ontario Hydro Research and foreign participants will submit
proposals for specific studies.

A comprehensive report on the 86 August experiment has been written for
CFFTP and papers for the open literature will be prepared.

3.3.2 DRAINAGE BASIN STUDIES

Streamflow Generation - P.J. Barry, J.M. Buttle, K. Sand, A.G. Price,
R. Watters, V. Norwood

In a study of mixing processes during infiltration, three 10 m long
cores of unsaturated soil were collected in late summer. These were cut into
5 cm long sections and the pore water in each section extracted. Deuterium
concentrations of the pore waters have been measured. The particle-size
distributions from each section are currently being determined.

Studies of the surface and subsurface hydrology of the catchment east
of Perch Lake during the past 6 months have concentrated on improving the site
instrumentation. More than 50 new water table observation wells have been
hand-augered in the study area. In addition 4 observation wells have been
equipped with level recorders to obtain continuous measurements of water table
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elevations during storms and snow melt. Nearly 30 tensiometers have been
installed to form a 2 dimensional array down the hiilslope toward the
intermittent stream in the valley below, and four access tubes have been
installed for soil moisture determination by neutron probe. A permanent weir
has been installed on the stream as it leaves the study area. The weir is
equipped with a stage height recorder so that the flow can be continuously
measured*

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

Snowmelt Studies; Previous work here and elsewhere has shown large
spatial variability of the concentrations of common anion and cations in the
snow pack at the onset of and during spring melt when sampled by conventional
coring techniques. Spatial variability is a key factor in the design and
interpretation of network monitoring programs for acid rain and other
contaminant deposition. The emphasis of this year's program is therefore on
characterising this variability in a forest. Twenty-five snow collectors have
been set up in an area of deciduous forest of about 1,000 m , three have been
set up in a section of coniferous forest and 7 in a small clearing in the
forest. These are "always open" collectors and samples are being taken after
every major snow storm. Snow sampling stations have been installed for regular
coring of the snow pack throughout the winter. These have 5 cm thick styrofoam
insulation board bottoms to prevent samples becoming contaminated with soil and
vegetation. Five, 5 m long sections of insulation board have also been set up
for once-only monolith samples to be collected immediately before the start of
the spring melt. At one of these sites, a parallel strip of polyethylene
sheeting has been laid out. This, like the styrofoam sheet, will prevent
contamination of the samples but have much less effect on the heatflow through
the pack - a major cause of snow crystal metamorphorism. A second 5 m x 5 m
lysimeter has been installed. The old unlined run-off plot has been refurbished
and facilities for automatic metering and sampling the run-off water have been
added.

Acid Rain: In November, P.J. Barry chaired a working group of
consultants in Keystone, Colorado. The workshop produced a report to the U.S.
Environmental Protection Agency on research needs for acid rain monitoring.

3.3.3 FLOW AND CONTAMINANT TRANSPORT IN GROUNDWATER

Groundwater Systems Analysis - G.L. Moltyaner

The research described in the sections "Groundwater flow modelling at
the proposed SLB-P1 site", "Numerical Simulation of the Tracer Test Plume",
"Model Validation and Estimation of Parameters", and "Modelling of Sorption
Processes" is related to verification and validation of contaminant transport
models. The first two sections deal with the evaluation of the predictive
capability of transport models using existing plumes of contamination subjected
to extensive geohydrochemical investigation. The third and fourth sections
detail the results of the efforts for developing equilibrium and/or
non-equilibrium models for modelling field column experiments and, consequently,
for estimating transport parameters required by predictive transport models.
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Groundwater Flow Modelling at the Proposed SLB-P1 Site
G.L. Moltyaner, I.H.K. Cheung

The groundwater flow system at the SLB-Fl site is being studied along
the mean direction of flow using a 2-D, finite element-based, computer code- At
present, the code is set up to simulate the hydraulic head distribution along a
vertical cross section of the site aquifer oriented parallel to lateral
groundwater flow. The first stage of the modelling is to calibrate the
conceptual model of the aquifer against the available data - a stratigraphic
model based on borehole logs and ground probing radar, hydraulic head data, and
hydraulic conductivities. At present, only the part of the cross-section
downgradient of the proposed SLB-Pi facility is considered due to scarcity of
hydrogeologic information below Lake 233. Calibration of the considered part of
the model against piezometric conditions obtained in November 1985 is completed;
computed and observed heads differ by less than 15 cm over most of the section
except two boreholes in the vicinity of the discharge area. Numerical modelling
of the whole cross section requires information about the seepage flux from Lake
233 and additional information about the water table elevations beneath the
lake.

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

Water Flow Modelling Study - The development of a conceptual
groundwater hydrology model was described in the previous progress report
(AECL-9263). We have used this model to simulate the distribution of hydraulic
head measured during a tracer experiment performed in 1983. Using a finite
element grid of 198 nodal points and 327 elements over an area of 96 m by 10 m,
we observed:

1) the measured heads were reproduced with error tolerance of 0.05 m,

2) the aquifer correctly exhibited anisotropic properties, and

3) the hydraulic conductivity of the silty layer was two orders of
magnitude less than that in the sandy part of the aquifer.

We conclude that:

1) the calibrated water table elevations deviate from measured
elevations an average of 18 cm (range 5-28 cm),

2) the right vertical flow boundary should be modelled as a flux
boundary, and

3) the fluxes should be estimated during the calibration procedure.

The results of these simulations were used to initialize the solute
transport model.
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Solute Transport Modelling Study - The problem domain tor solute
transport simulations Is a subset of that described In the groundwater flow
model and covers an area of 45 m x 9 m. As a first approximation, the model
domain was chosen as a rectangle (see AECL-9263). The finite element model grid
consists of 480 nodal points and 870 elements. The nodal spacing is 3 metres in
the x-dlrection and 0.3 metres In the y-direction. Initially we planned to use
a nodal spacing of 0.003 m In the y direction, but there is Insufficient
computer memory to support the additional nodes. Numerical experiments have
shown that the solute transport model is deficient in 3 ways in characterizing
the source of contamination. First, the model requires approximately 3 days of
tracer injection to reach the peak concentration observed at a monitoring point
5 m downgradlent when tracer was actually injected over a period of 7,5 hours.
Secondly, when the source was specified over the full saturated thickness, the
simulated pulse maintained this width as It moved through the aquLfer. Measured
profiles of tracer concentration show the pulse narrowing to approximately 5
metres In width. Finally, the model does not take into account activity located
upgradient from the Injection well. The cost to run the transport program
reaches astronomic figures when the time step approaches the required spacing.
Using longer time steps, the general shape and dimensions of spreading is very
comparable with that observed. Further quantitative analysis and interpretation
of available data is required to revise the conceptual model.

Dispersion Processes; Modelling and Measurements - A. Wills,
U. Moltyaner

Concentration data collected during the 1983 tracer experiment (see
AECL-9263) are stored in the form C(L,y,z,t) where L is a fixed distance from
the source. The concentrations from each dry-access monitoring well have been
averaged over depth and a file with averaged concentrations in the form C(L,y,t)
has been produced. Velocities calculated using the method of time moments for
each value of L were used to transform the concentration to the form C(x,y,T)
where T is a specified time after tracer injection. Contour plots of the
transformed data have been produced using the program C0NT1RR currently being
tested by G.N. Williams (Mathematics and Computation Branch), since it accepts
input data from an irregularly spaced grid. The **otal mass of the tracer
present, the location of the centroid of the plume of the depth-averaged
concentrations, and the second moments about the centroid have been calculated
by numerical Integration using a square grid_ quadrature scheme. These can be
used to estimate the mean velocity Vx, and Vy and the dispersion coefficients Dx
and Dy.

A bivariate Gaussian probability density function was fitted to the
data at each time using nonlinear regression techniques. This also gives
estimates of Vx, Vy, Dx and Dy. An instantaneous release over a rectangular
region centred at the origin with dimensions Xo by Yo and an initial
concentration Co was assumed. Just the values of Co, Xo, and Yo were allowed to
vary as parameters in the regression. Then their values were fixed at the
average value over all of the times and the mean velocities and dispersion
coefficients were recalculated.

The dispersion coefficients (Dx) calculated using spatial moments are
an order of magnitude larger than those calculated by fitting the Gaussian
probability density function. Averaging the data over depth introduces
artifical spreading which the Gaussian function doep not adequately model.
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The concentrations from each dry-access well along the path of the
centre of mass of the plume are being transformed to the form C(x,y,z,T).
Velocities calculated using breakthrough curves constructed at the middle point
of individual layers for each well are being used. A contour plot for selected
times is being produced. Obtained plots are extremely Informative and clearly
indicate the effect of aquifer heterogeneities on the tracer migration.

Modelling of Sorption Processes - G.L. Moltyaner, A. Wills, I. Cheung

Long-term simulations of transport involving kinetically slow processes
requires knowledge of appropriate rate laws and rate constants* These are more
difficult to obtain than data on geochemical equilibria. For this reason, the
equilibrium transport models appear to have a distinct practical advantage over
kinetic transport models. The identification of sets of conditions where the
local equilibrium assumptions apply is, therefore, an important prerequisite to
the selection of an equilibrium-based or a kinetics-based model of reactive
solute transport* Currently, our effort focuses on the analysis of available
approaches which permit direct comparison of two types of models and their
applicability for simulating results of recently performed field experiments
(see AECL-9263). We are at the stage of developing analytical solutions and
corresponding computer programs for the first-order, mass transfer and two-site
kinetic models.

Field column desorption experiment data (see AECL-9263) were used to
compare the accuracy of a stochastic model based on the method of moments in
determining disperslvity against a deterministic equilibrium model. Assuming
the deterministic model adequately represents the dispersion process, the model
parameters (velocity and dispersion coefficient) were estimated using non-linear
regression techniques. The parameters were also estimated using the method of
moments. Various methods of integration were used employing both raw and
smoothed data. The value of velocity remained nearly constant but the value of
dispersion was more sensitive to the method used. It was concluded that the
method of moments gives reliable estimates of dispersion parameters. The
testing of the method of moments for calculating "retarded" velocities and
dispersivities is underway.

Sorption Measurements Using the Lake 233 Column Experiment -
G.L. Moltyaner, D.R. Champ, J.L. Young

In the previous progress report (AECL-9263) we described the results of
experiments measuring the sorption characteristics of Sr on sediments that had
been in contact with 90Sr for 30 years. By the end of August we completed an
additional column experiment using sediments previously contaminated by Sr for
only 5 days. The behaviour of "Sr in the sediments contaminated with 90Sr for
5 days can be simulated using sorption modelled if local equilibrium is
assumed. The arrival time of the eeak 85Sr activity in an uncontaminated column
was 6 hours earlier than that of Sr in the sediments containing Sr for 5
days. This may be an indication of the time-dependency of the distribution
coefficient. The appropriate conceptual model of the radiostrontium behaviour
has yet to be developed. We plan to perform a series of batch Kd experiments to
identify the limiting process before proceeding with model development.
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Reactive and Non-Reactive Tracer Transport in Fractured Rock
D.R. Champ, J.L. Young and J. Schroeter (University of Kiel)

Data analyses and interpretation of tracer tests in fractured rock at
the CRNL Flow Study Site have been completed. These tests were run as a
collaborative program with the National Hydrology Research Institute (NHRI) of
Environment Canada and the Geological Institute of the University of Kiel,
Federal Republic of Germany.

Phase 1 of the program, carried out by K.G. Raven of NHRI with
assistance from CRNL staff, located a zone of fracturing that is hydraulically
connected to three boreholes in the study area. After installing appropriate
instrumentation, hydraulic and dispersive characteristics of the fracture zone
were determined using non-reactive tracers. Objectives of the Phase 2 studies
(CRNL and the University of Kiel) were:

- to evaluate tracer movement under different flow conditions,
- to assess bacterial mobility and survival in a fractured rock flow

system, and
- to study the transport of selected inorganic and organic tracers.

Tracer injections and recoveries were made at fracture intersections with the
three boreholes that were Isolated using straddle packer assemblies, set at
depths of approximately 35 m. Linear separations between injections and
recovery wells ranged between 10 and 30 m, which fills a gap in the scales of
previously-reported tracer tests in fractured media.

Analyses of the experimental results clearly show that mixing of the
tracers within the packed-off sections of the boreholes is very significant
relative to the dispersion and dilution that occurs during transport through the
fractures, even when the isolated sections of the boreholes are very small.
Test design and data interpretation cannot ignore borehole mixing processes.
Dispersivities within the fractures have been calculated using an assumption of
an equivalent porous medium and by using a variable-aperture fracture model with
transient storage in dead-end pores. Both methods yield longitudinal
dispersivities of 0.2 to 0.3 m, values that agree with a distance-dependent
dispersivlty relationship constructed from an extensive review of the
literature.

Rapid transport of particles and bacteria in the fracture system was
observed in both pulse and continuous injection experiments, and during
continuous injection tests high concentrations of bacteria were found in the
withdrawal wells* Comparisons of filter factors calculated from these
experiments with published data for porous media show that the filtration
capability of the test fractures is equivalent to a gravel aquifer.

Cadmium was not recovered in detectable concentrations despite the
injection of 1,000 L of tracer solution, a detection limit 20-fold lower than
the injection concentration, and the attainment of the injection concentration
for the conservative tracer. Significant sorptlon and/or precipitation
processes must therefore occur In the fracture or on the fracture coatings.
Comparison with other data suggests that removal results from complexation with
carbonates, although sorption on oxide coatings cannot be ruled out.
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The lack of detection of injected NO 3 in the withdrawal wells is
consistent with reduction to NH4, the thermodynamically stable nitrogen compound
predicted for the geochemical conditions observed. The recovery of only a trace
of NO3 even with continuous injection of a 3.5 mg/L solution suggests that a
significant capacity, either biological or chemical, for N03 degradation exists
in the fracture.

Retardation of both simazine and lindane with respect to water was
observed. Retardation factors calculated from the breakthrough curves are
similar to those calculated in other studies for transport in an unpolluted
porous media aquifer. The similar behaviour of the two organics suggests that
the solid organic matter content of the fracture system is relatively low.

From the data obtained we conclude that:

- particles, such as bacteria, in the size range of 1 pm can be
rapidly transported in fractures in granitic rock. Therefore, if
water movement through fractures occurs in a disposal vault it is
highly probable that micro-organisms will be present in all
locations of flow. Even in the immediate vicinity of the disposed
fuel where sterilization may initially occur due to high radiation
fields and/or temperatures, repopulation by microbes will eventually
occur.

the metabolic activity of microbes can be very great in a fracture
flow system. Specifically, the data obtained shows that in the
presence of a major nutrient like WO 3 a very significant level of
microbial activity occurs.

- in a granitic rock mass having this geochemistry, the heavy metal
cadmium is strongly retarded.

- the pesticides simazine and lindane are poorly retarded under the
geochemical conditions at this site.

on the basis of the data obtained for various injection modes and
flow rates we can further optimize test conditions for each of these
parameters.

redesign of the straddle packer assembly is required to minimize
dilution effects in the injection and withdrawal wells.

Microbial Mediation of Radionuclide Transport - D.R. Champ, D. Gupta
(University of Toronto)

The potential for significant effects of micro-organisms on the
transport of radionuclides in a fuel waste disposal vault is being assessed in
laboratory experiments using columns to simulate the vault environment. The
environmental chamber that houses the experiments has been fitted with glove
ports and an access chamber to facilitate future work with actinides and to
enhance control of the redox environment. Initial experiments have been
conducted using a N2 purge which reduces O2 to approximately 7% of atmospheric
concentration and yields redox potentials of about 300 mV in column effluents;
these conditions are representative of probable conditions in the very early
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phases of vault operation. Teats of catalytic removal of O2 from the chamber to
achieve conditions representative of later stages in the vault have shown that
the chamber is inadequate for achieving these conditions; alternatives are being
evaluated.

The first set of tracer experiments using 99Tc, 125l, S5Sr and
tritium (T) under the baseline biogeochemical conditions has been completed.
The baseline conditions have been achieved by continuous elution and
equilibration of the columns with a standard saline solution that has been
equilibrated with the backfill materials. Under these conditions Tc and 1 are
rapidly transported and behave as the conservative tracer (HTO); Sr is retarded,
the Kd being approximately 12 mL»g on the granitic sand components of the
backfill. Modelling analyses of the data from the columns containing the clay
components are underway. The data agree well with anticipated behaviour under
Che observed geochemical conditions.

Manipulation of the biogeochemistry of the columns using an eiuant that
has been derived by passage of the baseline saline solution through "precolumns"
containing saline sediments is in progress. Following re-equilibration, tracer
tests will be repeated to assess the effects relative to the altered raicrobial
conditions. In the future, additional experiments will be run under truly
anaerobic conditions and using actinide tracers.

Cigar Lake Study of Natural Analogs - D.R. Champ, J.L. Young

As part of a study of the Cigar Lake uranium deposit as an analog to
nuclear fuel waste disposal, a second set of samples has been obtained and
analyses are in progress. These analyses are intended to provide information on
the organic biogeochemistry of the site as a complement to the inorganic
geochemical analyses of J. Cramer (WNRE). These analyses are being performed
using a newly acquired anaerobic glove box to ensure that the desired anaerobic
conditions are achieved. Samples were taken from a limited set of boreholes to
obtain waters representative of the basement (3), ore zone (3), clay-rich halo
(1) and the sandstone (3). Preliminary results from all zones show relatively
large numbers of bacteria under both oxic and strict anaerobic incubation
conditions. Sulfate-reducing bacteria have been identified in both the basement
and ore zone waters. Presumptive evidence for methanogens has been seen in the
results of platings on specific media. Direct confirmation awaits the results
of incubation experiments designed to show the biotic generation of methane.

Total organic carbon (TOC) analyses have confirmed the presence of
relatively high concentrations in waters from the basement and ore zone. The
observed concentrations are consistent with the leaching and depletion of the
underlying graphite, a process that has been proposed on the basis of the
probable evolution of the flow system that led to the deposit. A second set of
9 water samples from the Cigar Lake Uranium deposit were subsequently tested for
TOC. Results ranged from 2.0 - 27.8 mg»L . Some results showed significant
changes from the first set of determinations, indicating contamination or
temporal variation.
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3.3.4 LAKE AND RIVER PROCESSES

Hydrometeorological Measurements - P.J. Barry, E. Robertson

Routine energy budget measurements for Perch Lake were made throughout
the open-water season. Energy budget lake evaporation calculations have been
completed. These evaporation estimates are an essential component of the water
and tritium budgets of Perch Lake. It has been decided to discontinue
hydrologic measurements at the end of the current hydrologic year (May 1987).
The instrumented raft has been brought in from Perch Lake.

Lake Contamination Model - E. Robertson, P.J. Barry

Work has begun on a model to estimate contaminant concentrations in
lake water and sediment from surface water or groundwater inputs. The root of
the model is a simplified verson of LEEM (Barry and Robertson, 1983) which
calculates seasonal thermocline depth as a function of lake area and diffusion
through the thermocline as a function of average meteorological parameters. A
sedimentation routine will be included. The code is being written for an
IBM-PC.

Reference: Barry, P.J. and E. Robertson, 1983. LEEM - A lake energy and
evaporation model users manual. AECL-8178

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

To predict the fate of nuclides discharged into fresh waters, we must
describe the flux of the nuclide across the sediment/water interface at the lake
bottom. One major difficulty in providing such a description is to estimate the
significance of nuclide recycling from the sediments back into the water. We
have quantified the importance of this process by constructing detailed budgets
for the Co activity and particulate concentrations in Perch Lake* Simple
input/output budgets show that recycling and resuspension increase
concentrations of particles and Co by 30-100% above values predicted by models
ignoring these processes. A manuscript summarizing these results is currently
in preparation.

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 transport of several
radionuclide and trace element analogs was performed during the summer in Perch
Lake. Analyses of the preliminary results suggest that all elements were
rapidly lost from the water to the sediment shortly after the tracers were
injected into the lake water. When the water overlying the bottom sediment was
replaced with unlabelled lake water the isotopes desorbed from the sediment
matrix and reappeared in the water. A simple least squares fitting technique
has been developed to determine the instantaneous rate constants for transport
from water to sediments and sediments to water. Preliminary results suggest
that rates for transport from water to sediments are between 3 and 12% per day
while desorption from sediment matrix occurs at rates of < 1% per day. During
the next year the rate constants derived from these experiments will be used to
simulate the long-term behaviour of radioisotopes present in aquatic systems
receiving discharges from the CRNL waste management areas.
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In the experiments described above, the tracers were rapidly
transported from the water to the bottom sediments* We have collected samples
of the bottom sediments from the experimental systems in an attempt to determine
the stratigraphy of the nuclides within the sediment matrix* From these
measurements we hope to determine the theoretical thickness of the boundary
layer located at the mud-water interface. These calculations, however, have
been hampered by our inability to obtain measurements of the activity of the
nuclides in different depth strata of the sediments. All measurements to date
show that the nuclides are distributed far deeper in the cores than initially
expected. Laboratory experiments show that this distribution can be simulated
by the disturbance of the sediment-water system during sample collection and
processing. Although several attempts have been made to eliminate these
experimental artifacts none of the techniques developed to date has been
successful. More experimentation is required before we can estimate with
confidence the characteristics of the boundary layer located at the mud-water
interface.

3.3.5 BIOLOGICAL PROCESSES

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

One potential pathway for contaminants leached from a shallow land
burial site to reach the biosphere is by root uptake from the contaminated
aquifer. Waste Management Area B (see Figure 3.2) is releasing tritium to
groundwater, creating a plume that leaves Area B at the northeast corner of the
site. The plume extends to a seepage discharge area beside the Main Stream,
with depths to the water table along the tritium flowpath ranging from 7 to
0 m. Mixed coniferous-deciduous forest overlies about two thirds of the plume.
Free water was extracted from the wood of a variety of species of mature trees
(including poplar, birch, maple, maple, basswood, and balsam fir) and analysed
for tritium. Trees were grouped into three categories based on the thickness of
the unsaturated zone - 0 to 2 m, 2 to 5 m, and 5 to 7 m. As previously reported
(AECL-9263), trees In the 0 to 2 m category contained high levels of tritium in
their sap, indicating that most of the roots lie within that depth interval.
Eighty percent of the trees in the 2 to 5 m category obtain an estimated 1 to 10
percent of their water from the water table. Only 4 mature trees are growing
above the tritium plume where the water table lies between 5 and 7 m below
surface; 2 of these contained sap tritium slightly above local background, again
Indicating that a small number of roots extend to the water table. A paper has
been submitted to Health Physics.

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 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 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 specify model output. 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 field techniques and methods 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 unconsolldated
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

RITE (DARB) - S-R. Gentner, F.C. Brown, R.V. Osborne

The conversion (where RITE will be called "DARB": Dose Assessment of
Radionuclldes in the JJiosphere) of RITE from the mainframe to IBM-PC has begun.
One major difficulty is that RITE makes extensive use of the built-in subroutine
MMIK which cannot be compiled directly on the PC. Another difficulty is the
large size of i<lTE. Extensive revision may be necessary to streamline RITE for
PC implementation, as well as to correct coding and pathway linkage problems
which now lead to erroneous doses.

LEGGO - S-R. Gentner, P.J. Barry

A model of the specific activity of tritium in plants at Balmer's Bay
based on releases of HTO from the stack and roof vents at CRNL was abandoned
when it became obvious (see below) that monthly release averages were
meaningless for a plant system with a mean residence time of free-water tritium
of less than an hour.

Although too late for submission at a BIOMOVS meeting, organized by the
OECD, a trial model of scenario B3 (release of radium into a lake from a river)
was prepared in Leggo format in order to compare our model with those presented
at the meeting. All submitted scenarios reached steady-state within 50 years,
but this trial model still had not reached equilibrium after 100 years,
presumably because of the way it models diffusion through the sediments.
Otherwise it was similar to the submissions.

CRNL Tritium Release and Deposition - S-R. Gentner, R.M. Brown

Tritium release data for the stack and roof vents up to
1986 December 17 have been entered in the mainframe computer file STACDA.
Tritium roses have been synthesized through June 1986. A report on the
relationship between the specific activity of HTO in plants at Balmer's Bay and
HTO releases from CRNL was written. Two methods for predicting the specific
activity In plants were tried: 1) the specific activity approach which sets a
theoretical HTO concentration by equating the concentration of HTO in the free
water of the plant with the concentration in atmospheric moisture, and 2) a
deposition method in which deposition is calculated on a m of vegetation.
Results were obtained from monthly release averages which means that large
discrepancies can exist with actual measurements. A discussion of field
measurements needed to fulfil the requirements of a model was included.

Modelling of the experimental HT release of 1986 (see Section 3.3.1)
has begun.
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NRG Model Codes Validity Study - Battelle PNL, R.W.D. Killey,
G.L. Moltyaner

Regulations in the U.S. state that any site proposed for shallow land
disposal of radioactive wastes must be modelled. The U.S. Nuclear Regulatory
Commission (US NRC) has retained Battelle Pacific Northwest Laboratories (PNL)
to assist them in evaluating the validity and limitations of currently available
codes for simulating the movement of radionuclides. The program is also
intended to provide some guidance in specifying the size of the data set needed
for modelling. CRNL is collaborating with PNL in this study.

Results of the first of the modelling studies of existing plumes at the
CRNL site have been reported (Bergeron et al., 1986). The second stage,
simulation of the flow system beneath the Lower Perch Lake basin using a limited
data set, is under way. Because of uncertainties in the radionuclide source
term for Waste Management Area A, PNL is considering a change in contaminant
modelling to the tritium plume from the Reactor Pit. The source term for this
plume is relatively well-defined. Simulation of the tritium plume will not
allow any evaluation of components of the model that simulate radionuclide
sorption, but the current expectation is that the geologic complexities of the
flow system may pose a sufficient challenge to the numerical simulations.

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•

3.4.4 FIELD STUDIES

Survey of Saline Springs on the Ontario Precambrian Shield - D.R. Lee,
S.J. Welch

Our study of saline springs on the Ontario portion of the Precambrian
Shield is being extended geographically. To date most work has concentrated on
the moose licks of the Nipigon area, north and east of Thunder Bay, but springs
in other regions will be sampled soon.

There are three reasons for this work: to support the understanding of
the hydrogeology of the Shield, to analyze environmental pathways of elements in
these waters, and to develop field techniques for locating underwater springs.
Saline waters are now generally believed to be present everywhere at depths of a
kilometre or so in the Precambrian Shield (Fritz, P. and S.R. Frape 1982, Chem.
Geol. 36: 179-190). Since spent fuel may someday be emplaced at depths of 0.5
to 1 km, study of the discharge of saline waters may help develop an
understanding of the movement of water from depth to surface. To date no saline
springs have been proved to originate from this body of deep saline water in the
Shield. A reasonably complete geochemical characterization of these waters,
however, will be of obvious value and may be used to discern origins. In
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addition, surface waters near these springs can be used to demonstrate physical
dilution and geochemical behaviour of selected elements. Thirdly, methods can
be developed for locating discharges that occur underwater (a probable location
for the emergence of deep groundwater).

Saline occurrences on the Shield have remained relatively unknown and
poorly studied- None were noted by Souther and Halstead in their booklet
entitled "Mineral and Thermal Waters of Canada" (Geol. Surv. of Canada Paper
73-18, 1973). However wildlife management officials are aware of saline
occurrences because the ungulates they manage are attracted to salt licks to
meet physiological requirements. District offices of the Ontario Ministry of
Natural Resources were asked to assist us in locating saline springs. At this
writing, replies from 22 of the 31 districts located on the Shield have been
received. Five districts report the existence of saline springs. Some of these
springs will be sampled during the next quarter. All are closer to Chalk River
than the Nipigon licks and the springs are not associated with the sedimentary
rocks of the Nipigon region.

Uranium Series Indicators of Saline Waters of the Nipigon Basin -
CM. Milton and D.R. Lee

To date, only one sample of saline water flowing from bedrock has been
subjected to uranium series analysis. The saline water's uranium, thorium and
radium isotopic ratios indicate that these parameters may be sufficiently
different from those of nearby surface waters to provide a useful marker in
identifying other zones of saline discharge. Anomalously high radium
concentrations, so frequently observed in brines, may in this instance result in
measurable Increases in the skeletal radium burden of animals frequenting this
lick. Arrangements have been made with Mr. T. Timmerman (moose biologist MNR
Thunder Bay) to obtain teeth and bone samples, of moose from the 100 km grid
containing Limestone Spring (the saline spring), and control samples of the same
from outside that grid. A pilot study of radium content will be conducted to
determine the utility of further work on the environmental pathway of an element
associated with a saline lick and on the use of Ra as a geochemical marker for
wildlife management purposes.

Bedrock Groundwater Flow to Surface - D.R. Lee

The first measure of natural groundwater flow from Precambrian bedrock
to the surface environment was made at a saline "moose lick" or spring north of
Nipigon, Ontario. The spring (discharging only 6 mL*s-l) emerges from fractured
granitic rock that lies beneath 3 m of sllty clay. A piezometer sealed 1 m into
bedrock has an artesian flow of 1.3 mL*s at ground surface and a static water
level 1 m above the ground at the time of sampling. The bedrock groundwater had
an electrical conductance of 17,000 pS»cm . The measurement of total spring
discharge is based on the concentration of chloride in groundwater and the
observed increase in chloride as the stream passes the high-salinity area.
Chloride transport to surface water at this spring is more than 1000 kg per
year.

Three additional mineral springs in the Nipigon region were studied
because they, too, discharge waters of anomalously-high electrical conductance
(20,700 to 2,810 (iS/cm) compared with other surface waters on the Canadian
Shield* The waters of all four springs contain predominantly Na, Ca and Cl*
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Saline water discharge zones were not entirely discernible as areas of heavy
animal activity; they were also found by probing beneath adjacent surface
waters*

Although their origins remain uncertain, these springs appear to be
useful for demonstrating conditions that might exist where deep-seated, saline
waters emerge* Spring waters were diluted by adjacent surface waters by factors
of 400 to more than 10,000. Two of the springs lie at least 5 km from
sedimentary rocks of the Sibley Formation, which contain evaporites and could be
a source of salinity. These results, therefore, suggest that subsurface flow
through crystalline bedrock can occur over lateral distances of at least 5 km.

Sediment Survey of Lac du Bonnet Area Waters for Groundwater Discharge
D.R. Lee, K. Pflug

A survey of parts of the beds of the Lee River, Winnipeg River and
Lac du bonnet was conducted for the purpose of locating anomalies in temperature
and electrical conductance that can be caused by groundwater discharge. This
was done by towing a probe along the bottom behind a boat for 15 days in July.
No groundwater discharge zones were found over the 140 km travel distance.
Towing speed was found to influence probe performance. Much of the survey was
conducted above the speed at which we now know the probe performs best. During
this work we found that a towing speed of greater than about 1.2 m/s yielded
conductance values typical of the surface water and about half that obtained
when the conductance cell was in direct contact with the sediment. Such an
effect had been noted only at speeds of 2-3 m/s in other lake systems. The
Lac du Bonnet area ts characterized by a relatively dense clayey silt bottom
whereas other lakes had bottoms which were softer and contained more organic
matter. A draft report on this work has been prepared.

Vertical profiles of electrical conductance and cores 2 to 5 m in
length will be obtained from the ice in reference areas and in areas where the
probe revealed anomalous conditions.

Performance Tests of the Sediment Probe - S.J. Welch, D.R. Lee

A 3.5 m long trough, for testing the sensitivity of the lakebed
sediment probe to a variety of sediment conditions, was emplaced in the bed of
Maskinonge Lake. The central metre-long portion of the trough consists of a
thermally-insulated box and an injection screen (1 m x 0.2 m) covered by a
0.15 ra thick bed of sand such that the probe can be towed across a portion of
lakebed having experimentally-controlled conditions of groundwater flux,
temperature and salinity. These conditions are produced by pumping solutions
into the injection screen and through the lakebed.

Trough performance was tested by pumping a solution of 0.4% of NaCl and
rhodaraine WT at a rate of 3.3 mL/s through the 0.2 m 2 screen. The discharge of
rhodamine dye appeared to be visually uniform. Results from the probe, when
towed through the trough, indicated that both trough and injection system
perform as intended. A series of tests over a range of "groundwater" flow
rates, salinity and temperature, as well as tests on sediments contaminated with
liquid organic chemicals, are planned.
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Assessment of the Proposed SLB-P1 Site - R.W.D. Kllley, S. Uchida,
J.H. Munch

Geology and hydrogeology of the site proposed for the prototype shallow
land burial facility (SLB-P1) has been reported at the Second International
Waste Management Conference held in September 1986 in Winnipeg. Data, including
the conceptual site stratigraphy and boundary conditions, have been transferred
to G.L, Moltyaner and to S.R. Wilkinson (Waste Management Technology Division),
and numerical simulations are under way. In both cases, the numerical models
yield computed hydraulic head distributions in good agreement with measured
heads downgradient of the SLB-P1 site* There have, however, been difficulties
in simulating hydraulic heads in the portion of the flow system beneath
Lake 233, the main source of groundwater recharge (see Section 3.3.3). During
the Fall additional boreholes were drilled, sampled, and instrumented beneath
and adjacent to Lake 233. In addition, part of a ground probing radar (GPR)
survey carried out in November was run over Lake 233 to improve definition of
the interstratified sand and silt unit that appears to be the major control on
infiltration from the lake.

The second stage of field column experiments to improve definition of
the behaviour of cobalt, strontium, and cesium in the aquifer downgradient of
the proposed SLB-P1 site has been completed. These tests were performed in a
portion of the aquifer unaffected by road-salt contamination and where
groundwaters are oxidizing (borehole C-154). As in Phase 1 of this program
(AECL-9263), cores of aquifer sediments were eluted with groundwaters pumped
from the location where the cores were collected, following spike injections of
Co, Sr, and Cs. One set of experiments used labelled groundwater for the

spike injections, while the second used radiotracers in cement/bitumen leachate.

There were several notable differences in radionuclide behaviour in the
Phase 2 experiments. Only radiostrontium exhibited behaviour that could be
reasonably described by an equilibrium ion exchange model. In columns spiked
with labelled groundwater, Sr eluted in a single, well-defined peak with a
Krf of 56.8 mL»g . When the tracers were added in the cement/bitumen
leachate, the radiostrontium K^ decreased to 41.4 mL»g . Cobalt-57 elution
in all of the experiments at C-154 exhibited a small peak in release at 1.8 to
2.0 column volumes, followed by a very slowly increasing trickle release over
the remainder of the experiment. The spike elution at 2 column volumes was more
prominent in the injections of cement/bitumen leachate; in those experiments
4.6% of the total radiocobalt was released in the first 5 column volumes.
During elution of the next 300 column volumes, another 9% of the Co was
eluted. No 137Cs elution was observed from any of the C-154 columns during
elution with approximately 300 column volumes of groundwater.

Following completion of the elution phase of the experiment, the
columns were extruded and sectioned at I cm intervals. The sections of sand
were analysed for radiocesium and cobalt (the only isotopes remaining), and then
subjected to sequential leaching to determine the modes of sorption. For both
the spiked groundwater and cement/bitumen leachate injections, almost all of the

Cs was retained in the first 2 cm of the column. Radiocobalt concentrations
were highest at the inlet end of the columns and decreased approximately
log-linearly to the discharge end. Sequential leaching data are being compiled
at present, but we can say that Kj models are not appropriate for describing
cesium and cobalt sorption.
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One question immediately raised by the experiments concerns the great
differences in Sr K^'s between the tests at C-149 and C-154. One might
initially ascribe them to differences in the groundwater chemistry at the 2
sites, but previous work showing strong correlations between surface area and
radionuclide sorption led us to investigate that aspect* Sands used in the
Phase 2 study (from borehole C-154) are substantially finer-grained than those
used in the first part of the program (borehole C-149). Surface area
measurements of C-154 and C-149 sands yield values of 1.40 and 0.16 m «s~ ,
respectively. The ratio of surface areas (8.75) does not completely account for
the differences in radtostrontiura Kd's for spiked groundwater (13.2) and
cement/bitumen leachate (18.8); multiple regressions including major ion
chemical data will be carried out during the next quarter.

Evaluation of the Effectiveness of the Impermeable Cover on Waste
Management Area C - R.W.D. Killey, J.H. Munch >

In 1983, the CRNL Environmental Authority installed a thick
polyethylene membrane over the southern 8000 m of Area C. Since that time, we
have determined H concentrations in piezometers immediately adjacent to the
site twice a year. Groundwatars downgradient of the impermeable cover continued
to contain substantial quantities of tritium until late 1985; since that time,
samples from those monitors have contained near-background quantities of 3H.
From the results we conclude that drainage of water in the waste and unsaturated
zone takes approximately 1.5 years, and that the cover has indeed been very
effective in preventing infiltration of rain and snowmelt. The extreme
heterogeneity of tritium in the aquifer and the unknown source term, however,
prevent us from quantifying the cover effectiveness. Results of the monitoring
have been reported in TR-412.

Site Capacity Studies for Shallow Land Burial - K.J. Inch,
R.W.D. Killey, J.H. Munch

During the past half-year, preliminary evaluations of 5 potential areas
for future shallow land burial disposal facilities have been undertaken for the
Waste Management Technology Division (WMTD). Field work, including drilling,
coring, piezometer installation, and contract ground probing radar (GPR), has
been completed at 4 sites. Drilling is under way at the fifth. A draft report
on one site is complete and work is in progress on documentation of two more of
the sites.

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.
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3.5.2 INSTRUMENTS, METHODS, AND ANALYSES

Development of Software In Support of the Nuclear Data 6700 Data
Acquisition System - E.L. Cooper, L.G. Chabot, J.F. Mat tie"

An IBM Personal Computer has been linked to the ND 6700 through the use
of commercial terminal emulation software. A handshaking protocol has been
established for serial communications and software has been written to permit
text and binary data files to be transferred between the two computers. This
will allow us to transfer data to the IBM-PC for further processing using
commercial software. The IBM-PC can also be used as a link between the ND 6700
and the mainframe computers, since Mathematics and Computation Branch supports
software for communications between IBM-PC's and the mainframe. The software
developed during the late Spring and Summer has been described in a series of
reports by L. Chabot.

Additional software has been written to allow data to be transferred
from stand-alone pulse height analyzers to an IBM-PC. The data can be converted
to LOTUS 1-2-3 format for plotting and further processing. (LOTUS is a
registered trademark of Lotus Development Corporation.)

Electronic Instrumentation - W.J. Beattie

Work is underway on four projects - a borehole logging probe and drive
mechanism for high resolution of radiotracers in boreholes, a miniature
radiotelemetry system, a microprocessor system for capturing meteorological data
which are transmitted from the data acquisition system at Perch Lake, and a
multi-channel analyzer system based on the STD bus for soil moisture and fluid
flow measurements.

Borehole logging probe and drive mechanism: A high-resolution borehole gamma
logging system, initially developed for studies of dispersion in groundwater
flow systems, has been re-designed for use in water-filled boreholes. The
submersible probe and cable assembly have been tested for leaks in a water
filled borehole and no leaks were detected. The probe has been tested in an
environmental chamber to determine the amount of drift due to temperature
variations. Documentation of the test results is in preparation. During the
Summer, the branch was approached by the Waste Management Technology Division
(WMTD). They were seeking a high-resolution method of measuring soil moisture
content in a field lysimeter study of waste form leaching and disposal structure
behaviour. WMTD is supporting the development of a gamma attenuation system for
making the soil moisture measurements, and development of this system, based on
the existing borehole logger, is underway. The drive mechanism has been
modified to accommodate the source cable for soil moisture measurements.
Horizontal alignment accuracy tests are in progress.

Miniature radiotelemetry system: Radiotelemetry is a cost-effective means of
collecting information from a number of points over a wide area, and is
generally cheaper than cables where distances between sensors and recorders
exceed 400 m. A system employing very small transmitters (initially developed
for animal tracking) is being developed, with the initial application being
measurement and recording of water level aid flow data from observation wells
and stream gauging stations, respectively. Pressure transducers will be used
for the measurements; circuitry to link the transducers to transmitters is being
fabricated. A real-time clock board for the recording system has been ordered.
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Perch Lake Data Capture System: The microprocessor based system is used to
capture data which is transmitted every ten seconds by the Kaye Digistrip at
Perch Lake. Averages of all observations and standard deviations of the wind
observations are output to a video terminal every three minutes. Some problems
in the operation of the system have been observed and attributed to electrical
noise on the power lines in Building 513. A power line monitor on loan from
TASCC Operations indicated that several transients occurred every day.
Components for a battery-backed power supply have been ordered to solve the
problem.

Multi-channel analyzer system: A multi-channel analyser, compatible with a
microprocessor-based STD bus, is under development. The system is intended for
uae in flow measurement work and soil moisture measurements and will be capable
of operation from batteries.

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

Interlaboratory Comparison Studies: Participation in the Long Range
Transport of Air Pollutants (LRTAP) study, run by the National Water Research
Institute, Burlington, Ontario, has continued. Each participating laboratory
determines major ion concentrations in 10 natural water samples. In previous
studies (Nos. L10 and Lll) our data, while having excellent precision, showed
bias with values being about 5% lower than the medians from other LRTAP
participating laboratories. Investigation has now shown that this bias was
caused by our sample-tube preparation procedure which added up to 200 uL
deionized water to the 8 mL of sample being analyzed. Results from study No
L12, analyzed after we had corrected the sample-tube preparation procedure, show
OX bias wirh high precision earning our analytical laboratory the appraisal
category "well done" by the LRTAP evaluation group. The necessity for
interlaboratory comparison to ensure and to maintain analytical excellence is
well demonstrated by our experience with the LRTAP study. Without data from the
other 28 participating laboratories it is unlikely that we could have been aware
of our bias.

Surface water samples for a new LRTAP intercomparison study (L13) are
now being analyzed by our laboratory.

NBS Research Material Analysis: We had previously reported a
discrepancy between the National Bureau of Standards value for the NO 3-
concentration in a standard NBS research material (RM 8409-1) and that obtained
by ourselves. Repeated N03~ analysis yielded 0.24010.006 mg'L"

1 compared with
a NBS "recommended value" of 0.535 mg»L . As this discrepancy was serious we
wrote to NBS, Washington, questioning their "recommended value". NBS have now
informed us that they are "sure that the NO3" value in RM 8409-1 has changed..."
- this statement arises because N03~ in an analogous material (SRM 2694) had
"considerably changed" (quote). We are certain our result represents accurately
the N03~ concentration of RM 8409-1 at the time of analysis. Nitrate is
notoriously unstable in solution due to bacterial and fungal activity.
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The Effect of High Chloride Concentration on the Determination of
Common Anions by lon-Chromatography - p.c. Jay, J.M. Judd

The accuracy of anion analyses by ion-chromatography ig greatly
influenced by sample chloride concentrations > 500 mg»L . industrial
effluents, groundwaters from "moose-lick" areas and other salt waters frequently
have Cl~ concentrations that may affect the analytical response of other sample
ions in co-solution. Samples with Cl" concentrations < 500 rag«L yield values
for F", PO4~

3, Br~, N03~, SOiT
2 that are not significantly different from those

expected from known standard solutions. From a Cl" range of 1,250 to
10,000 mg«L~l, the concentration values for Br~, NO 3" and SO4" become lower as
Cl~ concentration increases, e.g. a 10 mg»L sulphate solution gives a value of
9.80 mg SQ14-2 at 1,250 mg«L , but at 10,000 mg'L"1 of Cl" the SO^" value is
2.06* This decrease is likely due to column capacity saturation by the Cl"
ions. P0i/* values are greatly Increased due to "spillover" of the Cl" into the
adjacent PO4 peak in the chromatogram. Integrator re-programming was unable to
overcome this problem because the Cl" peak is massive relative to peaks obtained
from the other anions in the sample. Although sample dilution is the obvious
way to reduce Cl" concentration it is not always satisfactory because other
sample anions in co-solution may be diluted below the analytical detection
limit. Methods for analyzing such samples are being investigated.

Analytical Instrumentation - P.C. Jay, J.M. Judd

Carbon Analyzer: The Dohrmann Carbon Analyzer has been completely
repaired both electronically and mechanically. However, although response to
carbon is obtained from the instrument, the reproduclbllity is so erratic that
no reliability can be placed on the results. Whether this is fundamental to the
instrument design or due to problems with analytical procedure has not yet been
resolved.

Dionex 20001 ion chromatograph: Routine analysis of surface and
groundwater samples for anion content has continued. A shut-down of the Dionex
system occurred due to failure of two resistors in the program-control
circuitry. These resistors were below capacity for the circuit and were
replaced by others of higher wattage.

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

1 nr

A method for removal and measurement of I in 4-litre samples of milk
has been developed using an anion exchange resin. Results for I show a
recovery of 90.911.86% and a lower limit of detection of 0.12 Bq»L~ when
counted on a sodium iodide, thallium activated well crystal.

This method is now being adapted to include measurement of I to
provide a quicker, more efficient alternative to direct counting of milk using
Marinelli beakers, the present procedure for monthly determinations.
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Uranium Analysis of NBS Standard Material - G.M. Milton

A large spread in the U234/U238 activity ratios being repirted to the
National Bureau of Standards for Perch Lake gyttja, collected some years ago by
W.F. Merritt, prompted a request from K.G. Inns of the Centre of Radiation
Research, NBS, Washington, D.C. for the measurement to be repeated in this
laboratory* Accordingly, two samples have been analyzed, and values reported as
follows:

U234
U238

Sample 1 Q.998+.043*

Sample 2 I.00It.038

Mean Values 0.999±.029

(* 1 o counting errors only)

U232 tracer
recovery

35%

74%

U238
concentration

1.38

1.44

1.41

-1

The samples each weighed approximately 1 gram. The dissolving
technique included ignition of organics at a 500° C, an HCL leach of the
residue, and HNO3 - HF treatment of the remainder in a Parr bomb. The increased
recovery in sample 2 stems from the substitution of U extraction into
TIOA-Xylene for the standard Fe removal by extraction into iso-propyl ether.

Measurement of Ultra-Trace Levels of 2 2 8 Th - G.M. Milton in
conjunction with E.D. Earle and R.J.E. Deal, Neutron and Solid State
Physics

A proposal for a Solar Neutrino Observatory (SNO) at Sudbury has been
outlined in previous progress Reports (Earle, PR-P-141, 142). Work is
progressing at several laboratories on one of the outstanding concerns of this
group, namely the removal of trace quantities of thorium from all materials used
in the detector. However, even if acceptably low levels (< 10~ll*g/g) of natural
thorium in the D20 and acrylic holding tank can be maintained during this
experiment, it is still possible that 228Ra present In disequilibrium with Its
parent l T!h could lead to significant photodisintegration of deuterons by the
2.614 Mev y rays emitted by 2118T1, near the end of this decay chain. It Is
proposed, therefore, to estimate this potential source of error by the detection
of the oremitter 228Th.

Plated sources derived from nitric acid washes of ashing containers
(high purity quartz), before and after sample decomposition, are being examined
for the presence of thorium and uranium isotopes. To date, samples of the
acrylic cross linker and monomer have been treated in this manner. The results
obtained are:

A. Cross linker (197.5 g, corresponding to « 17 kg acrylic)

Z28Th < 1.7xlO~21 g/g acrylic

232Th _< 6.5x10-12 g/g acrylic

238U < 3.6x10-12 g/g acrylic
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B. Monomer (8.45 kg, corresponding to « 18 kg acrylic)

228Th < 1.5xlO-21 g/g acrylic

232Th < 3.5x10"12 g/g acrylic

238U < 1.2xl0-12 g/g acrylic

Recent installation of a new Ortec surface barrier detector has
substantially decreased the background in the regions of interest of the spectra
obtained, improving the lower limit of detection by an order of magnitude. All
sources reported on above are now being recounted with this detector.

Similar measurements of trace levels of 228Th In acrylic polymer and
D2O are planned for the near future.

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

TOC concentrations in 6 fracture water seepage samples were determined
for Dr. Mel Gascoyne (WNRE) to help establish geochemical conditions that might,
affect grouting in the Underground Research Laboratory (URL) at Lac du Bonnet.
All samples contained > 3 mg«L TOC, typical of most deep rock water samples
that we have analyzed to date.

3.5.3 SITE MONITORING

Gamma Exposure Rates In Public Areas near CRNL - A.E. Docherty,
P.C. Beaulieu, J.F. Mattie, T.J. O'Kane, W.M. Hartwick

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 second and third quarters of 1986 and the last two
calendar years are given in Table 3.5.3A. Station 19, 4 km east of the Plant
Stack, on the Quebec shore of the Ottawa River was established in July 1986.

Gamma Exposure Rates at CRNL - A.E. Docherty, P.C. Beaulieu,
J.F. Mattie, T.J. O'Kane, W.M. Hartwick

Indoor (shielded) and outdoor (unshielded) 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 (jjR*.h- )

Location Second Quarter Third Quarter 1984 1985
1986 1986 Average Average

1

2

3

4

5

6

7

8

13 2

19 2

Harrington Bay3

Deep River

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

These TLD locations are across the river from CRNL and are 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 south east from plant stack.

*1 R - 2.58 x 10- 4 C.kg-1.

6.3

4.5

3.7

6.2

4.4

4.0

4.0

5.8

8.4**

-

6.3

9.8

7.0

3.8

3.7

6.9

2.3

4.3

4.8

6.9

9.3

5.8

5.8

3.2

8.2

4.7

4.0

5.6

4.5

4.6

4.3

6.9

4.6

-

6.4

5.4

10,5

5.8

5.3

6.5

4.9

5.6

5.9

8.1

5.5

-

7.5

6.1

** h~l for the period 1985 October 3 to 1986 July 9
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Table 3.5.3B Gamma Exposure Rates1 within the CRNL Exclusion Area
1

Location Second Quarter Third Quarter
1986 1986

198A 1985
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

14.6

8.9

7.1

8.9

8.4

2 1 .

8 .

1 1 .

10 .

7.

9

6

8

0

4

20.6

10.4

8.8

10.1

29.9

12.2

12.3

10.4

_

8.4 11.1

Sum of gamma na tu ra l background (excluding cosmic rad ia t ion) and airborne
contamination from CRNL.

*1 R = 2.58 x 10- 4 C.kg"1 .

Radionuclldes in Precipitation and the Ottawa River - A.E. Docherty,
P.C. Beaulieu, J.F. Mattie, T.J. 0'Kane, W.M. Hartwick

Precipitation samples collected at Deep River were analyzed
radiochemically for 90Sr 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 for Sr and Cs
concentrations in the Ottawa River at Pembroke, Deep River and Rolphton are
shown in Figure 3.5.3A.

Radionuclides in Liquid Effluents - A.E.Docherty, P.C. Beaulieu,
J.F. Mattie, T.J. 0'Kane, 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. Perch Creek and Duke Stream are
also sampled regularly. The former drains Perch Lake, Waste Management Areas A
and B, and then flows into the Ottawa River. The latter drains Waste Management
Area C and flows into Maskinonge Lake.
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The mean daily releases from the Process Sewer are given in Table
3.5.3C for the second and third quarters of 1986. Most of the radionuclides are
measured by gamma-ray spectrometry. Other releases are shown in Figure 3.5.3B.
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 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 MBq1* = 16.3 mg for Pu.

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 second and third 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, T.J. O'Kane, 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 a. as well as quarterly for gamma-emitting radionuclides
and Sr. Strontium-90, 60Co and ^ remain the main contaminants in the Perch
Lake basin.

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

Samples taken from NRX coolant water on nine occasions over a five
month period gave a mean value of 171±76 Bq«L which, when applied to an
average flow of 184 kg^s"1, gives a daily production of 2.7 ±1.2 GBq of 32P with
the reactor operating at 40 MW.

Investigation into stable total phosphorus content of the coolant water
entering the reactor showed no significant difference in concentration before or
after sandbed filtration, giving values of 12.4+1.2 pg «L and 12.2±3.6 \% «L~L

respectively. This is in agreement with values published by the Ministry of the
Environment for the Ottawa River in this area. These results indicate that no
significant leaching of phosphorus-containing substances occurs from detritus
accumulation on the filter sand.
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Table 3.5.3C Mean Dally Releases from the Process Sewer

Radionuclides

90Sr

137Cs

lkkCe

106Ru

11|0Ba

131r

239Np

95Zr

5ItMn

46Sc

59Fe

65Zn

60Co

Second
MBq/d*

37

130

110

69

560

180

110

160

73

110

32

120

190

Quarter 1986
% of DRL**

8.0x10"k

4.5x10"2

5.0x10-"

3.7x10" **

3.7xlO~6

3.8x10"3

l.lxlO"5

7.7x10"5

6.8x10-5

7.7x10"5

3.1xlO"5

3.8x10"5

1.3x10-2

Third
MBq/d

4.0

55

49

88

220

140

1100

63

170

120

42

150

90

Quarter 1986
* % of DRL**

8.6x10"5

1.9xlO-2

2.2x10"4

4.7x10"k

1.4xlO~G

3.1x10-3

l.lxlO"4

3.1x10"5

1.6X10"1*

8.6x10"5

4.0x10"5

4.8x10-5

6.3x10"3

*Re lease f i g u r e s rounded t o two s i g n i f i c a n t d i g i t s . (1 MBq = 2 7
**Derived Release L i m i t . The pe rcen t of DRL f i g u r e s have been c a l c u l a t e d

from the DRL v a l u e s g i v e n i n AECL-7243.
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Table 3.5.3D Tritium in Streams In the Exclusion Area
Second Quarter 1986

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

Concentration
MBq/m3

3.0

0.9

8.9

13.6

230

Quarterly Release
GBq

2.9X101*

43

6.2xlO2

1.8X101*

4.7x103

Percent of
DRL*

3.2x10"2

4.8x10"5

6.9X10-1*

2.0x10"2

5.2x10"3

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

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

Concentration
MBq/m3

3.0

0.9

5.7

17.0

307

Quarterly Release
GBq

3.3x104

48

1.0x103

2.2x103

3.6xlO3

Percent of
DRL*

3.8x10"2

'••'ixlO"5

1.2x10"3

2.6x10"3

5.5x10"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 GBq = 27 mCi.
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Argon-41 in the CRNL Stack Effluent - D.P. Wildsmith, T. O'Kane

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, C0 2 in the J-rod annulus replaces moist air to
reduce corrosion of the reactor vessel and also reduces the 4lAr 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.

Sampling

Date

Jan

Jan

30

30

March 13

June

Aug

Oct

Nov

• 5

14

23

12

Time

1135

1507

1524

928

0917

0848

1000

3F. Measured *Ar

Power

110

112

130

130

116

120

Not

NRU

MW ! CO 2

46.5%

N.Oper.

Normal

Normal

Normal

Normal

operating

Releases from Main

NRX

Power MW

25.2

25.2

39.0

Not operating

39.6

Not operating

35.3

Stack -

TBq.d"1

193

334

273

76

265

60

224

1986

"lAr

TBq.d"

1

2

1

0

1

0

6

L.MW-1

.4

.4

.6

.6

.7

.5

.3



3-36

Tritium Concentrations near the TEP Site - W.J. Workman, Z. Franlc,
R,M. Brown

A survey of tritium concentrations in the environment to the northwest
of the Tritium Extraction Plant (TEP) and the reactors has been done to obtain
base line data for future monitoring of emissions from the TEP when it comes
into operation next year. On November 20, with a wind of 6 ra«s~l from the
southeast, simultaneous samplings were made of atmospheric HT and HTO using
portable samplers built for the HT release experiment (see Section 3.3.1) and of
soil and pine needles for HTO measurement. Results are presented in Table
3.5.3G.

Table 3.5.3G

Tritium Concentrations Northwest of Active Area
1986 November 20

Sample Site Distance from Atm. HTO Atm. HT Atm. Needle HTO Soil HTO
Inner Fence HT/HTO

(m) (Bq»m ) (Bq«m~3) (Bq^L"1) (Bq«cm~2)

5
3
4
7
2
1
8

10
10
20
375
560
750
1100

499
748
898
43.4
27.2
38.7
42.6

2.41
9.00
7.65
2.42
0.94
1.59
0.76

0.005
0.012
0.009
0.056
0.034
0.042
0.018

23,900

16,300
8540
5930
6960

85.4
55.6
64.1
28.9
13.7
12.9

Sites 3,4,5 were along the Active Area fence, across the wind path. The others
were more or less in line downwind. Sites 1 and particularly 8 were more
exposed to emission from the reactor stack than the others due to the height and
location of the stack. Soil cores were taken in three sections to a total depth
of 45 cm.

As in previous samplings in this area elevated levels of HT were
observed which are attributable to emissions from the reactor and Df> upgrading
buildings. This demonstrates the necessity for base line HT data to be able to
detect emissions from TEP operations. HT is seen to be more persistent in the
atmosphere than HTO, constituting « 1% of the total tritium at the plant fence
but 5.9% at 375 m. At greater distances the proportion Is reduced again
probably due to resuspension from the surface of HTO previously deposited.
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Soil and vegetation moisture are convenient sampling media which
reflect long term mean concentrations. A good correlation was found between
pine needle HTO and total soil HTO content to 45 cm depth (r2=0.976) and even
better correlation (r2=0.988) with the HTO content of the 20-45 cm soil
horizon. However, correlation of atmospheric HTO with pine needle or soil HTO
was poor (r «0.5). This is not unreasonable since the atmospheric HTO
distribution during this particular sampling was not necessarily representatalve
of the past mean conditions which have established the soil and vegetation HTO
concentrations.

Further measurements under a variety of weather conditions will be done
to broaden our experience of concentrations in the area. Such data will help in
distinguishing emissions from the TEP from those of the present operating
facilities.

Tritium in Surface Waters in the Vicinity of CRNL - R.M. Brown,
W.J. Workman

During 1986, the deposit of tritii'a by precipitation at Balmers Bay,
the site boundary closest to a population centre in the direction of major wind
frequency, was 50 kBq«m~ compared to 70 kBq»m~ in 1985. Deposition for the
year at six other sites around the plant property was also close to that
observed in previous years.

The tritium concentration in the stream draining the Bulk Storage Area
has increased significantly in the last few years, rising from 100 Bq »L in
1981 to 3300 Bq»L~l in 1984 and 22100 Bq «L" L in 1986. It is believed that this
tritium is draining from the east end nf Waste Management Area "C" (see next
section). No other significant increases were observed in the annual survey of
tritium concentrations in about 40 streams, lakes and springs within and around
the CRNL property.

In the Ottawa River, mean
[•L at Rolphton, 7.5 Bq«L

concentrations of tritium in 1986 were
6.6 Bq»L at Rolphton, 7.5 Bq .IT at Deep River and 17.7 Bq .L~ at Pembroke.
These concentrations indicate a discharge for the year of 25 TBq from NPD, down
from 94 TBq last year, and 303 TBq from CRNL, up from 226 TBq last year. The
flow of natural and residual bomb tritium at Rolphton was 183 TBq in 1986.

Tritium Migration from Area C - R.W-U. Killey, J.H. Munch

One of the areas recently subjected to reconnaissance studies for
potential for future waste management operations is the region containing the
sand borrow pit just south of Area C. Drilling revealed the presence of a
buried bedrock valley trending approximately north-south beneath the access road
to Area C (Figure 3.2), passing beneath the plant highway, and apparently
terminating beneath the wetland west of Area F. Hydraulic head data show that
groundwater flow from the south end of Area C is routed through this valley and
discharges to the wetland Bouth of the plant highway; surface drainage from this
wetland passes through the Bulk Storage Stream to Maskinonge Lake.

At the time of the initial tritium plume mapping of Area C, trenches at
the south end of the site were being filled. Boreholes just southwest of Area C
contained no tritium contamination in 1979 and 1980, and no further monitoring
was carried out at those locations. Annual composites of Bulk Storage Stream
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samples have been analysed for H since 1975; until 1983 only background
concentrations (0.1 Bq «mL ) of tritium were observed. In 1983 a slight
increase in tritium was observed (0.45 Bq«mL ), but concentrations have
increased sharply since then. Tritium concentrations in the Bulk Storage Stream
in 1984, 1985 and 1986 were 3.25, 9.10, and 22.1 Bq«mL , respectively. Samples
from Che monitors installed as part of the evaluation of the sand pit site show
conclusively that the source of this tritium is Waste Management Area C.

The time of tritium arrival in the Bulk Storage Stream indicates that
the groundwater residence time between Area C and the point of discharge is
approximately 3 years. An impermeable cover was installed over the south end of
Area C in 1983. By late 1985, tritium releases from the covered portion of the
site had declined to almost zero (TR-412). We therefore anticipate that tritium
concentrations in the Bulk Storage Stream may show a small additional increase
above current levels, but that by late 1988 they will have fallen to
near-background•

Water Budget Analysis - P.C. Jay

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.

The monitoring of these streams is needed for estimation of tritium
fluxes into Perch Lake and eventually into the Ottawa River.

CRNL Climatologieal 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.

The total snowfall for the winter of 1986-1987 up to December 15 is
57.4 cm.

Hydrologic Data at Perch Lake - P.C. Jay

The stream gauging weirs in the Perch Lake Basin are routinely surveyed
and water levels are taken manually twice a week and tabulated on the recorder
charts at each weir. These recorder charts are sent to Water Survey of Canada
(Environment Canada) for integration and estimation of Perch Lake Outlet and
Inlet flows. These flow values are then used to determine the tritium and
chemistry budgets for the Perch Lake Basin.

The stilling wells at all weirs have been flushed to remove debris
accumulated during the summer, and the heaters at all weirs have now been
reactivated to prevent ice forming during the winter months.
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Monitoring Radioactive Fallout from the Chernobyl Reactor Accident
E.L. Cooper, P.C. Beaulieu

Analysis of the special samples collected to monitor fallout from the
Chernobyl accident has been completed and the results have been compiled. This
Involved a considerable amount of effort since the detectors had to be
re-calibrated for non-standard sample geometries and many of the calculations
had to be done by hand. Approximate efficiency calibrations were used for some
sample geometries since exact calibrations would require a considerable amount
of effort and expense. These approximations have introduced systematic errors
(estimated to be 20 to 30%) in the results, but since the levels were very low
these errors are not significant in terras of health effects.

Daily results of gross beta measurements of particulates collected in
Deep River are shown as potassium-40 equivalent activity in Figure 3.5.3C. All
of the results were presented at a workshop meeting which was organized by the
Atmospheric Environment Service of Environment Canada on December 16 in Toronto.

3.5.h MONITORING IN ASSOCIATION WITH OUTSIDE AGENCIES

Canadian Air and Precipitation Monitoring Network (CAPMON) -
D.P. Wildsmith

Since the summer of 1978 CRNL has been operating a monitoring site for
CAPMON. The objective of the network is to determine the temporal and spatial
variations of the 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 (SOi,"), nitrogen compounds (NO3-, NHi,~), chloride (Cl~), metal ions
(Na+, £*•, C8++, Mg"4^), pH and electrical conductivity.

In December 1983, at the request of the then Environment Minister,
Charles Caccia, five of the CAPMOJJ 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 July 01 to December 31.
During this period there have been 61, pH measureable, precipitation events
having a mean pH of 4.25. This compares with a total of 65 precipitation events
having a mean pH of 4.37 for the same period in 1985. The total precipitation
amounts for these two periods were 387.2 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

July

Amount
(mm)

2.6

4.0
6.6

0.2
12.U
8.8

7.6

1.8

15.5

25.4
1.0
0.8
0.6

87.8

pH

4.28

4.40
4.64

*
4.23
4.85

4.84

4.72

4.59

4.36
4.51
4.36
*

4.5

'Fatal precipitation
Mean precip (monthly)
Mean pH

August

Amount
(mm)

0.8
14.8

0.4
4.0

11. o

7.6

6.6

1.0
7.4

3.2

57.6

387.2 MM
64.5 MM
4.25

4
4

4

4

3

3

*
3.

3.

4

* Insufficient precip. for pU reading

PH

.05

.70

k

.51

.66

69

55

48

91

.1

September

Amount
(mm)

0.4

29.0
0.8
0.8

1.0
2.6
6.2
10.0
4.8
2.8

0.8

0.4

7.0

5.8
21.2
0.2

93.8

4
4
4

5
4
3
4
5
4

4

PH

*

.25

.18

.48

.09

.45

.93

.39

.02

.47

.22

*

4

4.
4.
*

4.

25

23
39

4

October

Amount
(mm)

3.4
1.0
6.8

1.2
5.8

1.3
19.0
2.4

2.8

1.2
1.0

5.2

51.1

3
4
4

4
4

3

PH

.63

.43

.55

.30

.42

.49
4.26
4

4.

3.
4.

4.

4

49

09

96
15

06

.2

November

Amount:
(mm)

3.0

0.2

0.2

1.0
0.2

0.4
1.3

0.1
4.2

0.6

0.4
3.6

1.4
0.9

5.2

22.7

pH

3.61

*

*

3.22
*

*
4.43

*
4.12

*

*
4.43 !

4.37 ;
3.67

4.36

4.0 ,

Itece

Amount
(mm)

28.6
1.0
0.6

4.4
2.0
15.2

0.8

0.1
2.8

15.7
3.0

74.2

rabei

4.
4.
i

4.
4.
4.

3.

*
3.

5.
4.

4

pH

44
44

38
15
56

96

78

U4
3

.3
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3.5.5 TRAINING ACTIVITIES

Attachees for Training - R.M. Brown

J.K. Kim of the Korean Advanced Energy Research Institute joined the
Branch on August 7 to gain experience tn the study of pathways for the transfer
of radioactivity from the environment to man. He has spent the past 5 months
with J.W. McMahon and R.J. Cornett. He will spent time with several other
members of the Branch to gain experience in dose and release limit calculations
and get a general overview of the activities of the Branch in studying the
movement of radionuclides in the environment. He will be at ERB fop 12 months.

Z. Franic of the Institute for Medical Research and Occupational
Health, Zagreb, Yugoslavia, joined the Branch on September 2 on an IAEA
Fellowship. He is working primarily with R.M. Brown on studies of the
dispersion of tritium in the environment. He will also spend some time with
other sections of the Branch to observe our monitoring and research techniques
In general. His fellowship is for 10 months.

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

This CFFTP-sponsored course was presented again at Toronto (Ontario
Hydro) and CRNL, October 20-24 to 24 attendees. The format was the same as in
May, the Environmental Tritium portion consisting of a 1 1/2 hour overview of
tritium in the environment and 1 1/2 hour lab session on measurement techniques.
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3.6 PUBLICATIONS AND PRESENTATIONS

3.6.1 PAPERS AND PROCEEDINGS

Cornett, R.J. and F.H. Rigler. Vertical transport of oxygen Into the
hypolimnlon of lakes. Canadian Journal of Fisheries and Aquatic
Sciences, 1987. In press.

2 39 2*tQCornett, R.J. and L.A. Chant. , Pu residence times In freshwaters and
accumroulatlon In shield lake sediments. Canadian Journal of Fisheries
and Aquatic Sciences (Accepted for publication.)

Killey, R.W.D. and J«S« Devgun. Hydrogeoloeic studies for CRNL's proposed
shallow land burial site. In Proceedings of the 2nd International
Conference on Radioactive Waste Management, pp 106-115. Canadian
Nuclear Society. 1986.

Milton, CM. and R.M. Brown. Uranium series dating of calcite coatings In
groundwater flow systems of the Canadian Shield. Isotope Geosclence
(accepted for publication).

Milton, G.M. and R.M. Brown. Adsorption of uranium from groundwater by
common fracture secondary minerals. Canadian Journal of Earth Science
(accepted for publication).

Taylor, S.R., G.L. Moltyaner, K. Howard and R.W.D. Killey. A comparison of
laboratory methods for determining contaminant flow parameters.
Ground Water (accepted for publication).

3.6.2 REPORTS

Beattie, W.J. Automated shutter mechanism and timer for the ultraviolet light
irradiation chamber. PHS-ER-2.

Bergeron, M.P., D.A. Myers, R.W.D. Kllley, D.R. Champ and G.L. Moltyaner.
Demonstration of performance modeling of low-level waste shallowland
burial site. Task 2, Status Report: Phase I simulation of groundwater
flow and radionucllde transport of a low-level waste shallow-land
burial site. U.S. Nuclear Regulatory Commission Report, NRC FIN B2826.

Killey, R.W.D. and J.H. Munch.
AECL TR-412.

Performance of the impermeable cover at Area C.

Osborne, R.V., A. Dastur, D. Pendergast, D.B. Priraeau, V.G. Snell and
D. Torgerson. A quick look at the post accident review meeting
(PARM). AECL-9327.
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3.6.3. CONFERENCE PRESENTATIONS

Barry, P.J. Analytical problems associated with stemflow and throughfall. RMCC
Analysts Workshop. Canada Centre for Inland Waters, Burlington,
Ontario, 1986 October 22.

Barry, P.J. and A.G. Price. Short term changes in the fluxes of water and of
dissolved solutes during snow-melt. NATO Advanced Study Institute
Conference on the Chemistry and Physics of Snowmelt, Les Arc, France,
1986 August 12-16.

Bergeron, M.P., D.E. Robertson, D.R. Champ, R.W.D. Killey and G.L. Moltyaner.
A comparison of predicted radionuclide transport modeling versus
field observations at the nitrate disposal pit site, Chalk River
Nuclear Laboratories. Eighth Annual DOE Low-Level Waste Management
Forum, Denver, Colorado, 1986 September 24.

Champ, D.R. Microbial mediation of radionuclide transport. Chapman Conference
on Microbial Processes in the Transport, Fate and In-Situ Treatment of
Subsurface Contaminants, Snowbird, Utah, 1986 October 1-3.

Champ, D.R. Radio-geochemical studies in Perch Lake and adjacent basins at the
the Chalk River Nuclear Laboratories. Thirty-second Annual Conference
on Bioassay, Analytical and Environmental Radiochemistry, Washington,
D.C., 1986 October 21-25.

Cooper, E.L. Radioactive fallout from Chernobyl - data collected in the area
near Chalk River, Ontario. Workshop meeting at the Atmospheric
Environment Service, Toronto, Ontario, 1986 December 16.

Diamond, M.L., R.J. Cornett, and D. Mackay. Modelling the fate of arsenic in
natural waters and sediments. Technology Transfer Conference, Ontario
Ministry of the Environment, Toronto, Ontario, 1986 December 8-9.

Lee, D.R. Relevance of Niplgon mineral springs to disposal of nuclear fuel.
Conference on Isotope Geochemistry of Groundwater and Fracture Material
in Plutonic Rock, Mont. Ste. Marie, Quebec, 1986 October 1-3.

Milton, G.M. Paleohydrological inferences from fracture calcitc analyses.
Presented at Conference on Isotope Geochemistry of Uroundwater and
Fracture Material in Plutonic Rock. Mont. Ste. Marie, Quebec, 1986
October 1-3.

Osborne, R.V. Acute radiological effects of the accident at Chernobyl, Canadian
Nuclear Association/Canadian Nuclear Society meeting,
1986 September 12.
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3,6,4 TALKS AND LECTURES

Brown, R.M. Tritium in the environment, CFFTP Tritium Safe Handling Course,
CRNL, 1986 October 22.

Brown, R.M. Tritium dispersal and deposition from the experimental HT release
at CRNL, 1986 August. Meeting of scientists from Europe, Japan,
U.S.A. on HT release experiments, CRNL, 1986 October 27,28,

Champ, D.R. Contaminant transport in groundwater, surface water, and the
atmosphere. Current programs at the Chalk River Nuclear Laboratories.
Battelle Pacific Northwest Laboratories, 1986 October 6.

Champ, D.R. Radio-contaminant behaviour in the environment. Programs and
facilities at the Chalk River Nuclear Laboratories, U.S. Nuclear
Regulatory Commission, 1986 October 24.

Champ, D.R. Tour and discussions of environmental research program and, panel
discussions on nuclear issues for visit of North Bay Science Teachers,
CRNL, 1986 October 27.

Cooper, E.L. Environmental radioactivity, 28th Annual Radiation Protection
Course, CRNL, 1986 October 23.

Cooper, E.L. and J.F. Mattie. Handling of open sources of radioisotopes. 28th
Annual Radiation Protection Course, CRNL, 1986 October 21.

Cornett, R.J. Streamflow separation and streamflow chemistry. Invited seminar,
Ontario Ministry of the Environment, Acid Precipitation Research Group,
Dorset, Ontario, 1986 October.

Cornett, R.J. Gamma ray spec!:rometry. 28th Annual Protection Course, CRNL,
1986 October.

Cornett, R.J. Environmental research at CRNL. Terry Fox students, CRNL,
1986 September.

Killey, R.W.D. Subsurface contaminant transport studies at CRNL. Invited
seminar, Canada Centre for Inland Waters, 1986 November 14.

Moltyaner, G.I. Geochemical parameter estimation for equilibrium transport
models. Stanford University, Stanford, California, 1986 September 11.

Moltyaner, G.L. An approximate analytical procedure for solving radionuclide
transport equations, WNRE, Pinawa, 1986 October 1.

Osborne, R.V. Radiological consequences of the accident at Chernobyl. Invited
talks at AECL Candu Ops, 1986 September 17; University of Toronto,
1986 September 18; Chalk River Nuclear Laboratories, 1986 September 19;
University of New Brunswick, St. John, 1986 September 24; Atomic Energy
Control Board, Ottawa, 1986 September 25; Ontario Solicitor General's
Emergency Planning Committee, 1986 September 30; University of
Saskatchewan, Saskatoon, 1986 October 28; AECL-RC Whiteshell Nuclear
Research Establishment, 1986 October 29.
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Osborne, R.V. The accident at Chernobyl and its radiological consequences-
28th Annual Radiation Protection Course, CRNL, 1986 October 22;
AECL-RC-Head Office, 1986 December 15.

Osborne, R.V. Environment and Man, 28th Annual Radiation Protection Course,
CRNL, 1986 October 23.
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FIGURE 3.2 LOCATION MAP. CHALK RIVER NUCLEAR LABORATORIES PROPERTY
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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 1986.

*Health and Welfare Canada's recommended target concentrations for
Cesium-137 and Strontium-90 in drinking water are 5 x 103 Bq.m3 and
1 x 10^ Bq.m3, respectively. The target concentrations have been
derived to correspond to 0.1% of the ICRP recommended annual
occupational dose-equivalent for continuous exposure.
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FIGURE 3.5.3B Daily Releases of Radionuclides in Liquid Effluents. 1986
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4.1 STAFF

Branch Manager

Secretary

Professional Staff

S.D.
J.D.
N.E.
N.J.
K • u *<

D.P.
' P.

M.M.

Bird*
Childn2
Gentner
Gragtmana
J. Mitchel
Morrison
Unrau
Werner

Technical Staff

D.
D.M.
L.

A-M.
K.L.
J.J.
T.L.
L.D.
R.A.
J.U.
G.M.

R.
M.

B.P.

Adams
Cecil3

Courchesne
Foley*
Gale*
Jevoak
JOyCe6
Johnson
McCann
Murphy
Norton?
Pilon
Plattner8

, Smith

D.K. Myers

L.J. Morel

Students

L.S. Moeck National Queen's to 86.08.12

BATAN trainee

C.J. Suglarto?

1. Commenced, 1986 Nov. 17 on a one-year appointment.
2. Terminated, 1986 Aug. 08.
3. Temporary appointment commencing 1986 July 24.
4. Commenced, 1986 Aug. 06.
5. Transferred from Physical Chemistry Branch, 1986 Oct. 06.
6. On maternity leave 1986 July 07 to 1987 Jan. 04.
7. Terminated, 1986 Aug. 22.
8. 2.5 days per week In Radiation Biology, remainder in Medical Branch.
9. BATAN trainee, commenced 1986 Nov. 05.
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4.2 INTRODUCTION

The primary objectives of research in Radiation Biology Branch are to
contribute to the worldwide bank of knowledge on the biological effects of
radiation and related agents on humans and other living organisms, and to apply
this knowledge to improvements in health protection.

In terms of mutagenic and carcinogenic hazards, the most critical target
in living cells is DNA, the carrier to hereditary information. We have therefore
studied the nature of DNA damage from exposure of cells to radiation and
cancer-causing chemicals, and the biological control of enzymes that repair most
of the initial DNA damage in living organisms. The biological effects of
radiation are studied in a wide variety of living organisms ranging from yeast to
cultured human cells to laboratory animals.

Two of the major research projects in the Branch are being operated as
cost-shared projects with financial support from outside agencies. The Atomic
Energy Control Board is supporting 50% of the work on the development of a
screening assay for members of the general population who carry inherited
abnormalities in their DNA repair systems and who are presumed to be at increased
risk following exposure to ionizing radiation. The Utilities and the Atomic
Energy Control Board together are providing 55% of the financial support for the
collaborative study with Dosimetric Research Branch on relative biological
effectiveness of tritium beta-rays for induction of myeloid leukemia in mice.
Research on cancer-prone families and on effects of hyperthermia is carried out
in collaboration with the Ottawa Cancer Clinic and various universities in the
local area.

The Branch continues to function as a source of information on biological
effects of radiation for AECL, other government agencies and students on request.
C..J. Sugiarto, BATAN, Indonesia, is currently attached to the Branch for a
4-month training period. Branch representatives also participate in the
deliberations of national and international committees concerned with assessment
of the biological hazards of exposure to low levels of ionizing radiation.

4.3 SCREENING HUMAN POPULATIONS FOR ABNORMAL RADIOSENSITIVITY
- N.E. Gentner, D.P. Morrison, L.C. Courchesne, L.D. Johnsor

B.P. Smith, D. Cecil, K. Gale and G.M. Norton

Lymphoblastoid cell strains are readily established from individual
donors, and represent a convenient cultured human cell type with which to screen
in vitro for variations within the population-at-large in susceptibility to the
cytotoxic effect of ionizing radiation. Persons exhibiting abnormal ionizing
radiation sensitivity might be expected to be at increased risk of neoplasia
induced by ionizing radiation, by radiomimetic chemicals, or by
spontaneously-occurring damage that is "ionizing radiation-like" in character.
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In the first phase of a cost-shared project between AECL, and the Atomic
Energy Control Board, we have developed a practical procedure for assessing the
relative degree of detriment occasioned by a given ionizing radiation exposure.
Highly significant (p <0,0l, two-tail _t test) differences between normal
strains and those derived from any of four patients with the model radiosensitive
disorder ataxia-telangiectasia (A-T) can be obtained employing acute oxic y-ray
exposure as the probe; we were asked to use these types of cell strains to
validate the assay we had devised.

Moreover, we have demonstrated that higher doses of chronically-delivered
Y-radiation are required to achieve a given level of effect in our assay than if
acute exposure is employed. This chronic vs. acute dose factor is about
two-fold, and may be attributed to the enhanced opportunity for DNA repair events
to contribute to survival in the protracted exposure regime. The absence of such
an effect in A-T cells is consistent with this explanation.

Employing chronic v-exposure, we have been able to demonstrate increased
radiation sensitivity in two of the three clinically normal, asymptomatic
heterozygotic carriers of the defective A-T allele which we have tested to date
(the third exhibits a normal response, and we have distinct reasons to suppose
that this strain may not represent what it claims). As observed with fibroblast
strains, chronic ,-radiation is required for this detection; acute exposure
yields a normal A-T heterozygote response in lymphoblastoid strains as in
fibroblast strains.

In additional verification of our assay's ability to detect 'moderately
radiosensitive1 phenotypes of the sort expected in a worker population, we
demonstrated a radiosensitive response in R-20, a lymphoblastoid cell line
obtained from one of the same Roberts syndrome donors for which we were able to
demonstrate significant increased radiosensitivity in cultured dermal fibroblasts
(Sect. 4.8; PR-PHS-HS-1).

A third type of 'validator' strain employed is represented by GM1310;
this donor's fibroblast strain was the one demonstrably radiosensitive (using
acute oxic ̂ -exposure conditions) out of a total of twenty tested from clinically
normal persons during the course of the 1982-1985 contract on "In vitro
radiosensitivity and DNA repair in genetic syndromes and families at high risk of
malignancy" with the U.S. National Cancer Institute. In our assay, GM1310 has
been demonstrated to be radiosensitive using either chronic or acute
Y-radiation.

It is of considerable interest that, in the panel of six randomly-chosen
lymphoblastoid cell lines from apparently normal people that we used to represent
the normal response in the course of our assay's development, one (GM1954) is
significantly radiosensitive. Like GM1310, its increased radiosensitivity is
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detectable by acute as well as by chronic Y~exP°sure; thus its phenotype is not
that of an A-T carrier^ Tt- may be that the most frequent radiosensitive
phenotype in the population-at-large will be of the GM1310/GM1954 type. The
screening of larger numbers of 'normal' persons is now required. In view of the
present findings, it may be advantageous to include both a chronic and an acute
,-exposure test.

4.4 BD-1: A CULTURED HUMAN FIBROBLAST STRAIN FROM A POSSIBLE NEW, UNIQUE
PHOTOSENSITIVE DISORDER
- N.E. Gentner, M.M. Werner, B.P. Smith and C.A. Ramsayl

Our laboratory was asked by the ^Department of Dermatology, University
of Toronto, to investigate possible carcinogen hypersensitivity and DNA repair
deficiency in one of their patients. This 27y-old man is being treated for
multiple warts on the hands and feet, and was referred because of chronic actinic
damage and sensitivity to sunlight present since the age of 2y. His mother
states that he developed erythema (reddening of the skin) following short sun
exposures. "Freckling" of the face first appeared 3-4y ago. Clinical
examination revealed chronic actinic damage; while not severe, it was certainly
more marked than one would expect in a man of this age. In January 1986 he had a
pigmented basal cell carcinoma on his neck. The initial diagnosis was possible
xeroderma pigmentosum (XP), and the clinician suggested that this might be an XP
variant.

A cultured derual fibroblast strain was established in Toronto from this
patient in the summer of 1986 and shipped here. We designated this strain BD-1,
and have begun examination of its profile of sensitivity to a panel of model
carcinogens that together encompass the major critical classes of DNA lesions.
Because of the tentative diagnosis as XP (a photosensitive, skin cancer-prone
disorder), obvious emphasis was given to the strain's response to ultraviolet
light. BD-1 exhibits substantially elevated sensitivity, compared to normal
strains, to the cytotoxic action of UV-C (254 nm) wavelengths (DRF=4). This
degree of hypersensitivity precludes its being an XP variant. However, the
patient's photosensitivity seems less severe than that expected for an XP patient
of comparable UV-hypersensitivity in vitro.

All XP strains exhibit substantial hypersensitivity to
4-nitroquinoline-l-oxide (4-NQO); since cross-sensitivity between UV-C light and
4-NQO Is the norm (see, e.g., the Tay syndrome strain response In Sect. 4.18), It
is considered to be the prototypical UV-mimetic drug. We have demonstrated that
BD-1 presents a completely normal response to the cytotoxic action of 4-NQO; this
represents telling laboratory evidence that the donor for strain BD-1 is not an
XP patient. We appear to be defining a new photosensitive human disorder.
Furthermore, we conclude that there appears to be at least one human UV-repair
pathway which is not involved in repair of 4-NQO adducts.
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A.5 CARCINOGEN RESPONSE TESTING ON CULTURED FIBROBLASTS FROM A CANCER
PATIENT WHO REACTED FATALLY TO RADIOTHERAPY
- N.E. Centner, M.M, Werner and B.P. Smith

A female cancer patient at the Ottawa Clinic of the Ontario Cancer
Foundation had developed fatal complications consonant with increased sensitivity
to the radiotherapy administered for tumour management. Prior to the patient's
death, skin biopsies were taken and dermal fibroblast cultures were established
in tissue culture from this donor. Dr. Cyril Danjoux of the Radiation Oncology
Department requested that we test this strain for increased radiosensitivity; we
readily agreed because of possible relevance to our concerns about the
contribution that radiosensitive persons make to the overall cancer burden. Our
initial screening on this strain, designated SO8657, employed our standard acute
oxic 6Qco y-irradiation protocol and indicated a normal radioresponse (Sect.
4.7, PR-PHS-HS-l).

Since these initial studies were performed, we have become increasingly
aware of the greater resolving power of chronic compared to acute i-irradiation
in detecting a significant sensitive response in clinically normal, apparently
asymptomic carriers of the defective allele for the model radiosensitive,
cancer-prone human disorder ataxia-telangiectasia. Moreover, chronic (but not
acute) Y-exposure enabled us to demonstrate conclusively that Roberts syndrome
belonged to the growing list of heritable human conditions associated with
increased radiosensitivity (Sect. 4.8; PR-PHS-HS-l). The radiotherapeutic
protocol for this patient involved a number of exposures over a period of some
weeks, followed by protracted >-exposures from a source implanted in the tumour.
Both the initial dose fractionated and the implanted source are functionally
analogous to chronic exposure. Accordingly, both to demonstrate the possible
utility of chronic exposure in discriminating radiosensitive responses and to
help the Clinic's physicians in their continuing efforts to account for this
patient's untimely demise, we obtained a new sample of this patient's cultured
fibroblasts, now designated S11358 (as this repository apparently furnishes a new
number each time another seed culture from a given donor is removed) and
subjected these cells to the chronic Y-exposure test. Our preliminary results
suggest that this strain does indeed exhibit a relatively radiosensitive
response, compared to that of seven clinically normal strains, when chronic
i-rays are used as the probe. (Repeat experiments with acute (-irradiation
manifested, as before, a radioresponse in the normal range). Since the chronic
y-test is more difficult and somewhat more variable than the acute exposure test,
we need to repeat these experiments. If confirmed, they provide telling
corroboration of our thesis that individual sensitivity profiles to cancer
treatment agents have utility in cancer therapy.

4.6 TRITIUM RBE FOR MYELOID LEUKEMIA INDUCTION
- N.J. Gragtmans, D.K. Myers, J.R. Johnson, A.R. Jones, A.M. Ohno,
A-M. Foley and J.W. Murphy

The planned production of experimental male CBA mice was completed on
86.10.10. The experimental protocol calls for approximately 5 000 mice divided
into a total of 6 experimental sets per treatement. The following sets,
comprising a total of about 3875 mice, had been completed or started by
86.12.31.
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4 sets of controls \
5 sets of tritium treatment ( e a c n s e t contains dose groups of
4 sets of X-irradiation j 1, 2 and 3 Gy respectively.

It should be noted that treatments are scheduled when animals are 100
days of age (+ 7 days). The first X-lrradiatlon was completed at 200 kVp with
the Muller 300' kVp tube. This tube failed in the middle of irradiating a second
set of 375 animals, which subsequently had to be discarded. Due to technical
difficulties in repairing the failed power supply, it was decided to complete the
remaining X-irradiations with a 150 kVp X-ray tube at 150 kVp, filtered through a
sheet of tin material to harden up the X-rays (see report of A.R. Jones,
Dosimetric Research, in this Progress Report).

Urine samples were collected from tritium-treated groups over a period of
time from all cages for dosimetric purposes. Dosimetry of X-irradiated animals
was described in our previous progress report.

In the absence of further unforeseen complications, it is anticipated
that X-ray and tritium treatments will be completed by the end of Jan. 1987.
However, additional control animals will be required (owing to the unanticipated
loss of 375 animals in Nov. 1986). In order to obtain these additional controls
plus another 300 male mice for a collaborative experiment with Bio-Mutatech on
tritium RBE, breeding of 240 females was started on 86.12.23.

4.7 HYPERTHERMIA AND CHEMOTHERAFEDTIC AGENTS
- R.E.J. Mitchel, R. McCann and J. Jevcak

We are continuing our Investigation of the effects of chemotherapeutic
agents in hyperthermia treated human cells in tissue culture. We have shown
earlier that hyperthermia sensitizes human cells to the lethal effects of
ionizing radiation and that this sensitization was due to a temporary inhibition
of cellular ability to repair radiation induced DNA damage. Bleomycin is a
chemotheraputic agent which, like radiation, produces DNA damage by a free
radical mechanism. The repair of such damage could then be expected to utilize
some of the same repair systems required for the repair of radiation damage.
This expectation is reinforced by the observation that cells from patients with
the disease ataxia telangiectasia (AT), which shows hypersensitivity to killing
by ionizing radiation, also show hypersensitivity to killing by bleomycin. In
addition, we have observed that a hyperthermia treatment which sensitizes normal
human cells to killing by radiation, also sensitizes these cells to killing by
bleomycin.

We have now further examined the interactive effects of hyperthermia and
bleomycin at the biochemical level in normal cells and AT cells, and have also
examined the effects of hyperthermia on the survival of bleomycin treated AT
cells. We observed that hyperthermia also sensitizes AT cells to the lethal
effects of bleomycin, and that the magnitude of the sensitivity increase was
similar to that seen in normal human cells. Since heat fails to sensitize AT
cells to killing by ionizing radiation, this suggests that lethal bleomycin
induced DNA damage and lethal radiation induced DNA damage may not be Identical.
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At Che biochemical level, hyperthermia treatments were shown to increase
the initial level of bleomycin induced DNA damage in both normal and AT human
cells but did not have a large effect on the ability of cells to remove these
lesions. These observations agree therefore with the above observations on cell
survival and support the hypothesis that bleomycin and radiation induced DNA
lesions are different and are processed by different cellular repair systems.

These results indicate that hyperthermia can be used as a sensitizer for
radiation and bleomycin therapy of human cancer, and that such use should be
particularly effective since different mechanisms are involved.

4.8 IONIZING RADIATION EXPOSURE AS A MEANS OF REDUCING THE RISK OF
CHEMICALLY INDUCED TUMORIGENESIS
- R.E.J. Mitchel, D.P. Morrison, N.J. Gragtraans, R. McCann, J. Murphy,
D. Cecil and J. Jevcak

Our earlier studies have indicated that a single dose of 3-radiation,
delivered to the skin of mice at the time of exposure to a direct acting chemical
mutagen, prevented the mutagen from initiating skin tumors in these animals*
This apparent radiation induced protection against tumor formation was not due to
a reduction in the number of cells at risk at the time of the chemical exposure,
since the same radiation dose provided little protection against tumor initiation
by a different, indirect acting chemical mutagen. The observed protection by
radiation is apparently due to the radiation induced stimulation of a DNA repair
system since a temporary inhibition of protein synthesis, by a hyperthermia
treatment, blocked part of the protective effect of the radiation. These results
demonstrate that mammalian DNA repair systems can be controlled and manipulated
by external stresses like radiation or hyperthermia, and that as a result the
risk of tumor formation resulting from exposure to a mutagen is not a fixed value
but can be made to vary in a predictable way.

4.9 HUMAN RECOMBINATIONAL TYPE DNA REPAIR. TESTS FOR INDUCIBILITY AND
REPRBSSABILITY
- R.E.J. Mitchel, S. Bird, R. Pilon and P. Unrau

Cancer formation is a multi step process and some of the steps suggest
that the induction of a DNA repair system is involved. Our earlier experiments
with skin tumors in mice, showing that hyperthermia treatment could prevent the
promotion step of tumor formation, suggested that cellular stresses may influence
this repair system. We have established an assay, based on recombination between
DNA plasmids, to test for the level of recombinational DNA repair competence in
extracts of human cells. We are currently assessing the influence of various
cell stresses on that level of competence.

4.10 HYPERTHERMIA AND THE CLINICAL TREATMENT OF THE INHERITED SKIN DISORDER
PSORIASIS
- R.E.J. Mitchel

A protocol for a phase I human clinical trial has been approved by Ottawa
Civic Hospital. This trial will investigate the potential of microwave induced
local hyperthermia for the symptomatic relief of psoriasis lesions. This project
will be conducted in collaboration with medical personel from the Civic Hospital
and the Ottawa Regional Cancer Clinic. Initiation of patient treatments, on an
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outpatient basis, is tentatively scheduled for spring 1987 but will depend on the
availability of microwave heating equipment.

4.11 CLONOGENIC SURVIVAL ASSAY FOR MEASURING CARCINOGEN-INDUCED CYTOTOXICITY
IN LYMPHOBLASTOID CELL LINES
- D.P. Morrison, D. Cecil, B.P. Smith, K. Gale, M. Plattner,
M.M. Werner and N.E. Gentner

/ considerable body of evidence associates, in a growing number of
heritable human disorders, increased cancer proneness with abnormal sensitivity
to the cyt^toxic effect of radiation or chemical carcinogens. These studies have
in the main employed survival of colony forming ability (i.e. clonogenic
survival) in cultured dermal fibroblasts as the measure of donor carcinogen
responsivity. As effective as our "grow-back" assay (see Sect. 4.3) is for
evaluating sensitivity to the cytotoxic effects of carcinogens, it would be
advantageous to have a clonogenic survival assay for lymphoblastoid cells; this
would allow more exact parallels to be made to existing fibroblast survival data.
A major obstacle to past efforts in other laboratories has been poor cloning
efficiency (only a very small percentage of cells, typically ""1%, underwent
clonal multiplication). We reasoned that this effect may be related to the
well-known observation that lymphoblastoid cells in suspension culture fail co
reproduce if diluted to relatively low numbers (e.g. at 1-4x10^ cells/ml,
analogous to the cell distribution in cloning experiments). After extensive
investigation, we have devised conditions which allow higher cloning efficiency
(10-40%) of most of our normal and DNA repair-deficient (e.g. strains from
ataxia-telangiectasia homozygotes and heterozygotes, Roberts syndrome, Tay
syndrome, and xeroderma pigmentosum donors) lymphoblastoid cells in gel support
medium as well as effective cell multiplication in liquid medium at very low cell
numbers (<1C)3 cells/ml).

4.12 APPLICATION OF LYMPHOBLASTOID CLONOGENIC SURVIVAL ASSAY TO
YIRRADIATION
- D.P. Morrison, N.E. Gentner, B.P. Smith, D. Cecil and K. Gale

Application of our lymphoblastoid cell clonogenic survival assay
(Sect. 4.11) to Y-exposed normal cells resulted in typical shouldered survival
curves, with D-̂ Q values (dose required to reduce survival of colony-forming
ability to 10% of the value for unirradiated control cells) of about 3.5-4.0 Gy
for oxic acute exposure to G^Co Y~rays. Replicate experiments yielded
reproducible results. With the aim of ultimately utilizing AECL 'intelligent
vision' technology to score surviving clones, we adapted our assay to polystyrene
curvettes; we presently count clones in these using a video camera, close-up
lens, and monitor to display an appropriate field for scoring.

When we utilized cell strains from ataxia-telangiectasia (A-T) patients
in this procedure, we expected to be able to demonstrate significant increased
rndiosensitivity. A-T is the model radiosensitive human disorder, and its
sensitive rudioresponse had been well-documented in clonogenic survival
experiments with cultured dermal fibroblasts, and in other laboratories with
lymphobl;iKtoid cells as well (utilizing media markedly less supportive of cloning
ability than those we presently employ); moreover, the very strains and cult'.:r,?s
we were utilizing Imd been given 'positive radiosensitive' affirmation using our
grow-back screening assay (Sect. 4.3). However, our micro-CFA (colony-forming
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ability) procedure, the development of which emphasized cloning efficiency in
unirradiated cells, gave radioresponses for A-T strains that were nearly as
radioresistant as normal cells. It appears that our cloning medium has markedly
increased the ability of repair-deficient A-T cells, but not of normal cells, to
recover from the potentially lethal effects of ionizing radiation exposure, For
the present this result hinders our immediate goal of a micro-CFA assay for
abnormal sensitivity to y-irradiation. For our long-term goals, however, it may
have great potential for improved understanding of the functioning of DNA repair
processes. We are attempting to determine what accounts for this novel,
essentially normal, radioresistance in cells that usually display
radiosensitivity.

4.13 ESTABLISHMENT OF LYMPHOBLASTOID CELL LINES AT CHALK RIVER
- D.P. Morrison and M. Plattner

Lymphoblastoid cell strains established from individual donors have been
chosen as the human cell material with which to assess the frequency of abnormal
radiosensitivity in the population-at-large, in a cost-shared AECL/AECB project
on "Screening human populations for abnormal radiosensitivity" (AECB Project Ref.
#85.08.20). In the second phase of this work, to proceed in calendar 1987, we
plan to evaluate members of the general population for putative proneness to
radiogenic cancers. Since the CRNL worker population is at hand and of special
interest, we have developed the expertise to establish lymphoblastoid cell lines
here. Samples are coded and handled "blind", since the object of the present
study is solely to estimate the extent of variation in susceptibility to the
effects of ionizing radiation exposure. Epstein-Barr virus (EBV) preparations
(Sect. 4.14, PR-PHS-HS-1) are used to accomplish the "immortalization" of B-cell
lymphocytes fractionated from blood samples; high EBV titres are used to ensure a
highly polyclonal origin for each lymphoblastoid strain. To date thirty-five
strains have been established; this experience has satisfied us that this area
should pose no hindrance when we embark on Phase II of the screening project.
The present set includes multiple strains established from the same donor at
different times, and multiple strain establishment from the same blood samples,
to enable us to determine whether the strain establishment procedures have any
effect on the radioresponse measured subsequently.

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

Consideration of the radiological implications of the accident at the
Chernobyl nuclear power site in the U.S.S.R. necessitated some temporary
diversion of effort during the past six months. This work, which was carried out
in collaboration with R.V. Osborne, Environmental Research Branch, has involved
reports to the AECL Chernobyl Task Group, oral presentations to various groups,
and critical review ot reports prepared by AECL CANDU Operations and by the
Atomic Energy Control Board. Health effects of the Chernobyl accident were also
discussed in a manuscript reviewing the health effects of energy production in
general. This manuscript has been submitted for publication.

A draft report on toxicity and dosimetry of tritium, prepared in
collaboration with J.R. Johnson, Dosimetric Research Branch, was reviewed by the
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ACRP Subcommittee on Risk Estimates. This report was well received and is
currently being revised in a form suitable for publication.

4.15 EFFECTS OF COMBINED Y~RAY/MITOMYCIN C EXPOSURE IN NORMAL AND
REPAIR-DEFECTIVE CULTURED HUMAN FIBROBLASTS
- P. Unrau, D. Adams, L. Moeck and N.E. Gentner

Our investigation of combined drug and ,-ray treatment on normal and
repair defective human fibroblasts has been extended to include the effects of
the order of carcinogen treatment, and of low dose rate radiation exposure. Such
combined exposures are closer to the situation expected in "real life". A
synergistic effect is expected if the repair of both ionizing-radiation and
drug-induced damage are facilitated to some extent at least by the same repair
pathway(s).

Acute ionizing radiation exposures to normal cell lines yielded only
slight synergism between the lethal effects of ionizing radiation and mitomycin C
(MMC) if the drug was administered following the ionizing radiation. However,
for treatments in which MMC was administered first, marked synergism was evident.
The ionizing radiation is delivered acutely, while the MMC requires one hour of
treatment at 37°C. For the Y^MMC treatment order, the opportunity exists for Y~
repair essentially in the absence of MMC - induced damage (during the early part
of the l.MC treatment). The reverse treatment order would always require Y-
repair in the presence of MMC damage. If the observed synergism reflects
competition between two classes (one induced by Y-rays, the other by MMC) of DNA
damage for the limited capacity of a given repair pathway(s), then the treatment
order results may indicate a relatively more rapid repair of the relevant y~
induced damage than of the corresponding MMC - induced damage.

Chronic radiation exposures have also been tested to examine repair rate
effects on cell survival. In brief, if there are slowly repaired and rapidly
repaired Y-induced lesions, then protracting the radiation exposure would lead to
accumulation of a relatively greater proportion of lesions of the slowly repaired
sort. With chronic exposures, synergistic interactions become observable in even
the , -MMC treatment order.

Multiple - agent exposures have been little studied to date with human
cells. Investigation of the combined effects of carcinogens promise to shed new
light on the numbers and types of repair mechanisms which human cells utilize to
restore damaged DNA to normal.

4.16 IN VITRO RECOMBINATION ASSAY TO MEASURE RECOMBINATION BETWEEN CIRCULAR
PLASMIDS
- P. Unrau, R. Pilon and D. Adams

lil vitro recombination between covalent closed circular (CCC) plasmids
was extensively discussed in the last progress report (see section 4.17,
PR-PHS-HS-1). The preferential conversion of the tetlO allele was confirmed by
reciprocal crosses. Arising out of a recombination workshop, an additional test
for preferential or polarized recombination was devised using a new mutation site
in the pBR322 derived plasmids. Wild-type plasmids derived from pUWl and pUW4
(3.6 and 5.7kb long, respectively) were cut with Nrul and eight-base Xhol linkers
were attached by butt end ligation. The plasmids were shown to contain a single
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new Xhol restriction site at the location of the Nrul site, and to lack an Nrul
site"! They are Tet sensitive, have a lower back mutation rate than the previous
tetlA mutation, and in crosses to tetlO containing plasmids (pUWl and pUW3
respectively) were shown to convert to wild type less often than the tetlO
mutation. These observations reinforce the conclusion that the preferential
conversion of the tetlO mutation has to do with its position in the Tet gene or
with the details of the actual structure formed at this base sequence.

Protein optima for ̂ n_ vitro recombination are being obtained for the
circular plasmid crosses, based on a number of independent extracts of normal
human fibroblast cell lines. Extracts from carcinogen-sensitive cell lines are
being produced to permit comparisons of in vitro recombination to be made between
normal and repair defective strains. The CHO cell lines obtained from England
were found to be contaminated, and new samples will be required for the
recombination assays to be applied to these y-sensitive mutant cell lines.

4.17 IN VITRO ASSAY FOR DAMAGED DNA REPAIR BY RECOMBINATION
- P. Unrau, R. Pilon and D. Adams

As part of the effort to distinguish recombination proficient from
deficient human cell lines, further development effort has been made for
measuring cell extract catalysed recombination between linear and CCC plasmids.
The major effort has been to understand and lower the "noise" levels, represented
by control crosses lacking exogenous cell extract in comparison to recombination
catalysed by ''ell extracts. The second major thrust has been to increase the
transformation proficiency of the recipient bacteria.

R. Pilon has improved the average transformation efficiency of the
recipient DH5 E. coli strain from 1 x 10^ to 2 x 10^ transformants per \ig of
transforming DNA. This has led to the ability to examine recombination at the
molecular level in control as well as in extract-catalysed crosses. The polarity
of recombination in control as opposed to extract - containing crosses is
reversed, at least at the clonal level. A direct plasmid analysis has yet to be
performed. However, the polarity determined by replica plating is reversed, so
that the relative number of large versus small plasmids is reversed between
control and extract - treated crosses.

As discussed in the last progress report, receiprocal crosses gave
non-reciprocal polarity when linear x CCC crosses were made with reciprocal
cutting positions. In controls, we now find that the absence of extract leads to
preferential conversion which may initiate between the tet mutations, while in
extract-catalysed crosses, recombination appears to initiate at the site of the
endonuclease cut. These observations are consistent with the hypothesis that
recombination in the controls represents either molecular interactions between
the participating DNA molecules, or the presence of proteins on the molecules
which lead to the observed residual recombination. Experiments on the nature of
the activity present in controls suggest that the recombination observed in fact
occurs during incubation of the controls and does not reflect simply the
co-transformation and E. coli - mediated recombination of the input plasmids.
Several hypotheses are being tested to determine the nature of the interactions
which lead to recombination in our controls.
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A collaborative project has been initiated with Dr. G. Ferroni
(Laurentian University) to examine the effects on in vitro recombination of
mutations in the topoisomerase genes of yeast. There are good grounds for
considering these proteins to be implicated in recombination in vivo and the
collaborative project will both increase our knowledge and our contacts with the
university community.

4.18 DEFINING POSSIBLE KTIOLOGICAL AGENTS IN TAY SYNDROME, A NEWLY-DESCRIBED
CARCINOGEN-HYPERSENSITIVE DISORDER
- M.M. Werner, N.E. Gentner, B.P. Smith and D.P. Morrison

Tay syndrome (TS), or PIBIDS (photosensitivity, jLchthyosis, Jjrittle hair,
^intellectual impairment, ̂ decreased fertility, jihort stature; for the principal
manifestations of the disorder) was of interest to our human cell DNA repair
program because of clinical observations by dermatologists of pronounced
hypersensitivity to erythema induced by non-germicidal UV-A and/or UV-B
wavelengths such as are present in the solar irradi.;nce spectrum at the earth's
surface. This disorder offered the potential of displaying a unique spectrum of
carcinogen sensitivity, and as such would be a valuable addition to our 'tester'
repository of human cell strains used to validate assays we are developing for
screening variations in susceptibility to different types of DNA-damaging agents
present in the environment or work-place.

Cultured dermal fibroblast strains from our two TS patients were tested
first for possible sensitivity to the cytotoxic effects of germicidal (UV-C
wavelengths; ""90% of emission at 253.6 nni) ultraviolet light. The two TS strains
showed essentially identical UV-C hypersensitivity, witli a DRF=2 (dose reduction
factor; DRF=D^Q, normal strain/D^g, sensitive strain).

We had also established lymphoblastoid strains from the TS patients
(Sect. 4.5, PR-PHS-HS-1). We have adapted our clonogenic survival assay
(Sect. 4.11) to ultraviolet radiation: lymphoblastoid cells suspended in a thin
(0.5 mm) 'cell gel' on 6-cm tissue culture plates are UV-exposed (absorption due
to support/growth medium is M 2 % ) and overlaid with growth medium gel; clonogenic
survival is scored at 8 days incubation. The DRF for one of the lymphoblastoid
TS strains was 2.6; this represents somewhat greater hypersensitivity than for
the fibroblast ttrain established from the same donor. Thus the unexpected
relative resistance seen in yirradiated A-T lymphoblastoid strains assayed by
this procedure (Sect. 4.12) appears not to be due to any intrinsic inability of
the assay per se to detect carcinogen hypersensitivity.

TS fibroblast strains exhibit a normal response to the cytotoxic effects
of two other carcinogens: low LET (60po y-rays) ionizing radiation and the
alkylating agent methylnitrosourea. However, to an agent inducing a fourth major
class of DNA damage (mitomycin C; DNA-DNA interstrand cross-links), substantial
hypersensitivity is again evident (DRF=1.6).

Substantial hypersensitivity is also evident, in fibroblasts derived from
TS patients, with respect to 4-nitroquinoline-l-oxide (4-NQO); DRF=3. This
'bulky adduct'-forming carcinogen is generally considered to be UV-mimetic.

Problems with both a defective lamp and damaged optical system in our
Schoeftel monochromator have to date precluded our investigation of the
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sensitivity of TS strains to UV-A and UV-B wavelengths. Because of the relevance
of these wavelengths to solar-induced skin cancer in man, such studies are
obviously of prime interest.

4,19 FOLLOW-UP OF PAST AECL EMPLOYEES
- M.M. Werner

During the past few years we have been collecting and analyzing data on
causes of death among different groups of CRNL employees and retirees since 1945.
The data are now complete to the end of 1985. These studies have found nc
statistically significant increase in any cause of death among any group of CRNL
monitored employees. Overall, there is a "healthy worker effect" in this
population. The latest report, AECL-9344, has been completed and is currently
being printed.

As part of the AECL Health Study and at the request of Dr. C.R. Howe,
National Cancer Institute of Canada, all yearly doses from the AECL dose tape
which did not meet the annual dose limits were reviewed for accuracy! This
required the manual examination of several hundred Kardex records. A few errors
associated with the interpretation of hand written data were found and corrected.
A report, AECL-8408, on the upgrading of the data base for the AECL Health Study
is also being prepared in conjunction with Mrs. L.H. Johnston, WNRE.
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P. Unrau - The relative biological effectiveness of 14.5-MeV neutrons for
the induction of gene conversion and mutation in yeast. Radiat. Res. 107, 39-48
(1986) AECL-9199.

P. Unrau - Mutagenesis and carcinogenesis. Manual for 28th Annual
Radiation Protection Course, at CRNL, 1986 October 20-24.

M.M. Werner - Follow-up studies of Canadian radiation workers. Manual
for 28th Annual Radiation Protection Course held at Chalk River, 1986 October
20-24.
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4.20.2 ORAL PRESENTATIONS

N.E. Centner and D.P. Morrison - Opportunities for induced mutations in
plant cells in tissue culture. To Dr. Francine Tremblant, Petawawa National
Forestry Institute, at CRNL, 1986 July 08.

N.E. Gentner, D.P. Morrison and B.P. Smith - Cancer causation vs. John Q.
Public* CRNL Summer Student Lecture Series, presented 1986 August 06.

N.E. Gentner, B.P. Smith and M.M. Werner - Cancer screening. To members
of the Executive Management Committee and Associates, at CRNL, 1986 August 19.

N.E. Gentner, D.P. Morrison and B.P. Smith - Screening persons for
abnormal sensitivity to ionizing radiation. To Eva Rosinger Executive assistant
to Dr. S.R. Hatcher (President of the AECL Research Co.) and Andre Scott
(Corporate Secretary), at CRNL, 1986 August 21.

N.E. Gentner - Cancer screening research. Presentation and demonstration
to the AECL Board of Directors, CRNL, 1986 August 28.

N.E. Gentner - Report on the joint AECL/AECB project on screening human
populations for abnormal radiosensitivity. To Atomic Energy Control Board
Scientific Advisors, at CRNL, 1986 September 23.

N.E. Gentner - Radiation Biology Branch research programs of interest to
the Atomic Energy Control Board. To AECB Scientific Advisors, at CRNL, 1986
September 23.

N.E. Gentner - Current status of the AECL/AECB joint research project on
"Screening human populations for abnormal radiosensitivity" (2h). To AECB Review
Panel, Project Initiation Meeting, at Ottawa, 1986 September 30.

N.E. Gentner - Impact on radiogenic cancer risk of persons exhibiting
abnormal sensitivity to ionizing radiation. Presentation to the Twenty-fifth
Annual Hanford Life Sciences Symposium, on Radiation Protection - At Look to the
Future. Richland, Washington, 1986 October 21.

N.E. Gentner - The distribution of risk. Live TV interview (ca. 10
minutes, exclusive interviewee) on CKCK-TV (Channel 2), Reglna, "Live At Nine"
program, 1986 October 28.

N.E. Gentner - Impact on cancer risks radiation protection and cancer
treatment of heritable disorders manifesting abnormal carcinogen sensitivity.
Invited seminar, The Plains Hospital, Regina, 1986 October 29.

N.E. Gentner - Hereditary disorders linking cancer proneness with faulty
DNA repair and abnormal carcinogen sensitivity. Invited seminar, Biology
Department, University of Regina, 1986 October 29.

N.E. Gentner - Radiation Protection — A Look to the Future. Report on
the 1986 Hanford Life Sciences Symposium, 1986 November 05.
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N.E. Gentner and B.P. Smith - "Radiation Biology" panel discussion with
38 Grade XIII Chemistry students from St. Joseph/Scollard Hall High School, 1986
December 01.

N,E. Gentner - Telephone interview with Marg Monroe, chief science writer
for Southam News, 1986 December 02. This resulted in a front-page article in the
December 08 Ottawa Citizen entitled "Canadian scientists devise test that
pinpoints cancer victims".

N.E. Gentner, D.P. Morrison, B.P. Smith and R.E.J. Mitchel - Training
programs in Radiation Biology for attached Indonesian staff. To Adiwoso
Abubakar, The Ambassador of Indonesia, and his party, at CNRL, 1986 December 09.

R.E.J. Mitchel - Hyperthermla and DNA repair in yeast, mice and man.
Presented at Cross Cancer Institute, Edmonton, Alberta, 1986 August 06.

R.E.J. Mitchel - Hyperthermia and cancer treatment. Presented at
Foothills Cancer Clinic, Calgary, Alberta, 1986 August 07.

R.E.J. Mitchel - DNA repair and tumorigenesis. Presented at B.C. Cancer
Research Institute, Vancouver, B.C., 1986 August 25.

R.E.J. Mitchel - Hyperthermia and DNA repair processes. Presented at the
University of Ottawa, Department of Biochemistry, 1986 September 19.

R.E.J. Mitchel - Radiation Biology panel discussion with students from
Terry Fox Youth Center, Ottawa, Ont., 1986 October 01.

R.E.J. Mitchel - Biological effects of radiation. Presented at the 28th
Annual Radiation Protection Course, CRNL, 1986 October 21.

R.E.J. Mitchel - Radiation Biology panel discussion with students and
teachers, Smiths Falls High School, 1986 November 18.

R.E.J. Mitchel - Radiation biochemistry and DNA repair. A fourth year
honors biochemistry course given as a series of lectures in the Dept. of
Biochemistry, University of Ottawa, Ottawa, Ont., 1986 Nov-Dec.

D.K. Myers - Health effects of the Chernobyl accident. Presented at CRNL
to AECL Board of Directors, 1986 August 28.

D.K. Myers - Radiological consequences of the accident at Chernobyl-
Presented at McMaster University, 1986 October 8, at the National Research
Council, Ottawa, 1986 October 10, and at Carleton University, 1986 October 10.

D.K. Myers - Epidemiological studies of radiation induced health effects.
Uranium Mine Radiation Safety Course, Canadian Institute of Radiation Safety,
Elliot Lake, 1986 October 20.

D.K. Myers - Panel discussion at CRNL with students from Confederation
High School, Nepean, 1986 October 22.
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D.K. Myers (for A.M, Marko) - Radiation risks and standards. 28th Annual
Radiation Protection Course, CRNL, 19R6 October 24.

B,P. Smith - Radiation Biology Branch tour, at CRNL, to Nuclear Medical
Technologist, Ottawa Civic Hospital, 1986 September 20.

B.P. Smith - Conduct tour and panel discussion, at CRNL, to Sir Wilfred
Laurier High School students, 1986 October 16,

B.P. Smith - Presentation to P.I.e. part-time tour guides, at CRNL, 1986
October 20.

B.P. Smith - Presentation at the 28th Annual Radiation Protection Course,
at CRNL, 1986 October 21.

B.P. Smith - "Radiation Biology at CRNL" presented to North Bay Biology
Teachers, 1986 October 27.

B.P. Smith - Panel discussion, at CRNL, to Grenville Christian College,
Brockville, 1986 December 04.

P. Unrau - Gene conversion in yeast. Division of Genetics, N.I.M.R.,
London, England, 1986 July 11.

P. Unrau - Polarity in in vitro gene conversion. Presented at Botany
School, Oxford, England, 1986 July 16.

P. Unrau - In vitro gene conversion. Department of Microbiology and
Immunology, University Illinois in Chicago, 1986 October 06.

P. Unrau - Polarity in in vitro gene conversion. Department of Biology,
Guelph University, Guelph, Ont., 1986 Octc^er 08.

P. Unrau - Mutageneis and carcinogenesis. Presented at the 28th Annual
Radiation Protection Course, CRNL, 1986 October 21.

M.M. Werner - Follow-up studies of Canadian Radiation Workers. Presented
at the 28th Annual Radiation Protection Course, CRNL, 1986 October 24.

M.M. Werner - Colony forming assay for lymphoblastoid cell lines. North
Bay Science Teachers, 1986 October 27.

M.M. Werner - Colony forming assay for lymphoblastoid cell lines.
Presented to EMC, 1986 August 19.

M.M. Werner - Colony forming assay for lymphoblastoid cell lines.
Presented to Board of Directors, 1986 August 28.
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5. MEDICAL BIOPHYSICS BRANCH

by

A. Petkau

Atomic Energy of Canada Limited Research Company
Whlteshell Nuclear Research Establishment

Pinawa, MB ROE 1L0
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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
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b) Radiobiology of Human Bone Marrow Cells
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5.3 BIOCHEMICAL TECHNOLOGY
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5.5 ORAL PRESENTATIONS
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5.1 STAFF

Branch Manager A. Petkau

Secretary A. Walters

Professional Staff

C.A. Chuaqui
R.R. Gray
C L . Greenstock
T.M. Stepanlk
J.C. Szekely

Assi stants

E.
W.

s.
M.
D.

A.U.
J.

M.D.
J.
R.

Lab

Azzam (EL)
Chelack
Delaney (P/T)
Einspenner
Ewing
Lobreau (ML) TO 1986 Dec 31
MerrJtt
Sargent
Vadasz
Whitehouse

Assistant

R. Agland (P/T)

Students

R. Klein National Victoria terminated 1986 Aug 20
G. Anderson National Queen's terminated 1986 July 25
E. Vaisanen NSERC HcMaBter terminated 1986 Aug 29
C. Rasmussen NSERC British Columbia " 1986 Aug 20
D. Heller NSERC Waterloo terminated 1986 Sept 12

PT - Part Time
ML - Long-tprm unpaid maternity leave
EL - Education leave without pay beginning 1986 August 7
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5.2 RADIOBIOLOGY

5.2.1 Cell Transformat.1 on Studips
- MY Einspenner, A,U, 'liohrpau, M. Sargent and J.G. Szekely

5.2.1.1 Control of Cell Orowth and Cell Cycle Traversal

No further experiments have been performed. The work completed is
being compiled for publication as an AECL report.

5.2.1.2 Morphological Aspects of Cell Transformation

Nothing to report

5.2.2 Mechanisms of Cell Killing

5.2.2.1 Studies of Radiosenattivity of Human Bone Marrow Cells In Vitro
- W.S. Chplack, M. Rlnspenner, E.I. Azzam, M.D. Sargent, J.G. Saekely,

B.R. Gray and A. Petkau

fa) Development of Cell Culture Conditions

During the period under review we have produced our own MO cell
conditioned medium from HTl.V-2 Infected lymphocytes. The medium supports the
growth of human bone marrow progenitor cells, giving rise to colonies of
granutocytes, eosinophils, monocytea and macrophages (GEMM) at an overall
plating efficiency at least as good as that obtained with medium supplied by
Dr. Golde. As well, radiation survival of the progenitor cells, after
plating with the new conditioned medium, has similar features.

In order to determine whether the biphaslc radiation response of the
human hone marrow progenitor cells is dependent on the nature of the con-
ditioned medium, we have produced another conditioned medium for such tests.
This conditioned medium (#5637) was harvested from cultured human bladder
tumour cells. This medium supports colony formation from human bone marrow
progenitor cells as well as the MO cell conditioned medium does. Radiation
survival tests have yet to he done.

Gibbon lymphoma cells (0MI.A144) were grown and the supernatant
recovered. This conditioned medium did not support colony formation of human
hone marrow progenitor cells.

(M Radlohlology of Human Bone Marrow Cells

Current radiation survival tests use MO cell conditioned medium to
stioport colony formation by Irradiated progenitor cells. The tests aim at (1)
developing a continuing series of survival curves at 23°C in order to obtain
the distributions in D of the sensitive and radiotolerant fractions, (2)
obtaining the size range of the sensitive fraction, (3) determining the
temoerature dependence of the radiation response and (4) finding the optimum
conditions for radioprotection by superoxide dismutase (SOD). This series of
tests wilt continue until the latter objectives are achieved.
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(c) Effects of Light, Temperature and Superoxide on Human Bone Marrow
Progeni tor Cel1s

This series of tests Jn respect to GEMM progenitor cells Js complete
and the data are ready for publication. A manuscript Js being prepared.

(d) Flow CytomPtry of Human Bone Marrow Cells

Chjirfif.teri7.at1 on of the human bone marrow mononucleated cells Js
continuing, with 22 analyses on eparate samples having been completed.
Renorai 1 v, analysis on the Analytical Cell Sorter in terms of right angle red
(Y-nx1s) nnd forward red (X-axis) scattering yields three regions of interest.
Thp distribution of cells in these three regions was as follows: Region 1:
I7.fi* + 0.9; Region 7: 5.3% + 1.4; Region 3: 71.7% + 9.4.

Culturing of sorted cells has been successful Jn four experJments,
using a protocol 1n which the cells are deposited directly onto an agarose-
inedlum bed and then covered with a semi-solid agarose-medium overlay. These
experiments have shown that progenitor cells capable of colony formatJon are
found almost exclusively in RegJon 2. The plating efficiency of cells Jn
Region 2 in higher than that of cells from the total sorted population and
rises in proportion to the percentage of Region 2 cells present.

Future experiments will characterize the sorted cells Jn terms of
their colony type, appearance via electron mJcroscopy and theJr response to
radiat i on .

(e) Enzytnp-1 I nlted Immunosorbant Assay - ELISA

Thp chromatoeraphic purification of monoclonal antibodies to human
Cu,7,n-S0D (HCS-MAh) was completed. These antibodies, and monoclonal antibodies
to human MnSOD (HMS-MAb) were characterized. Antigen and antibody dJlutJon
curvps wore measured. The samples were shown to he pure by polvacrylamJ.de gel
electrophoresis under denaturing and non-denaturJng condJtJons. Cross
reactivity between the two antibodJes and their perspective antigens was
Invpstip.ited and found to be minimal, (zero for HMS-MAh and 4-6% for HCS-MAb),
confirming tSpir specificitv.

Development of an ELISA assay for human Mn-SOD and human Cu.Zn-SOD Jn
tissue Is continuing Optimum condJtJons for measuring standard curves have
been ascertained and methods for binding the antigen to the plates finalized.
Methods of tissue preparation for the assay are being investigated.

Detriilpd examination of the production of the monoclonal antibodies by
the hyhridnmn cells has been carried out. This has included a time course of
antibody production, and a study of the effect of medium conditions and
additives on output. The effect of culture age on antibody output has been

pxaminod .

r>. ? . 2 . "1 Ra dj_n hininp.y of Cultured Human Lymphocytes

Cultures of human blood T-lymphocytes were established using various
protocols . Phytnhpmaggliitinln P (PHA-P) was more ef fect ive than phytohema-
gplutinJn M I'PHA-M) for mitogenic stimulation of long-term lymphocyte pro-
l i ferat ion. PUA-M-sHmulated lymphocytes had a larger i n i t i a l prol lferatlve
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burst, hut they did not survive as 1onr> when transferred to media containing
T-cell growth factor. Cultures maintained fn conditioned media from the
Gibbon cell line, MLA-144, remained viable longer (6 to 8 weeks) than those
maintained in medium containing Interleukin 2 (IL-2) (3 to 6 weeks). To date,
however, we have not been able to establish a culture of human T-lymphocytes
for longer than R weeks.

The effect of radiation on the binding of fluorescently labelled anti-
bodies to the surface of human T-lymphocytes, MOLT-4, has been observed by
gating the fluorescence signal on the live-cell region of the cytogram
obtained by flow cytometry. This 3^dimensional analysis allows the antibody
binding to be observed on the live-cell population or in the cells that have
become apoptotic due to radiation exposure or other treatments. Rinding of
the antibodies T6, T4, T8 and Bl have been studied on isolated human blood
lymphocytes and MOLT-A cells. T6 binding on MOLT-4 cells was studied most
extensively. Preliminary experiments have shown that, after a 2 Gy X-ray
exposure, a net shift to a lower fluorescence level can be seen In the
Irradiated sample when the control profile is subtracted by computer.

5.2.2.4 infrastructure Microscopy

Mouse bone marrow samples, prepared by the same protocol as heavy-ion
irradiated samples supplied by NASA, have heen embedded and sectioned for
electron microscopy. By using slices of bone and attached marrow, we were
able to produce a montage of a large section of hone marrow. This technique
will he used to observe the bone marrow from the iron-ion irradiated mice.

Thin sections of human bone marrow and T-lymphocytes, embedded in
Lowicryl , have been stained with 5 mm colloidal gold immunostaining and
observed in the electron microscope. We have attempted to locate SOD, tubulin
and the surface antigen T6. The gold particles are located over the cells,
but are not in the areas where the particles are expected. We believe that
the gold is binding to the thin section by a physical process rather than by
the localized antibody. Further work is required to establish the colloidal
gold staining technique In our laboratory.

5.2.2.5 Radiohiology of Cultured Human Promyelocytes (HL-60)

Since HL-60 cells grow in suspension, survival experiments require the
cells being cultured in a semi-solid medium. Plating efficiencies of control
populations have varied greatly. Consequently, the protocol requires further
fine tuning. Nonetheless, three good quality survival curves have been
obtained that are statistically significant. The D of the three curves were
0.97, 0.75 and 0.8R, respectively. Future experiments will characterize the
radiation response of HL-60.

Several experiments have been done Investigating the effect of anoxia
on radiation survival of HL-60. Various protocols were tried for maintaining
the viability of HL-60 cells In N^-saturated medium. One experiment appears
to have been successful but needs to be repeated.

Exposure of the HL-60 cells to varying regimes of Adriamycin and SOD
has yielded variable results. This may or mav not be due to exogenous lactose
present In the Adriamycin preparation. We are seeking a supplier of pure
Adriamycin for further experimentation.
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5,2.3 Radioprotectlve Enzymea
- T.M. Stepanlk, D. Ewlng and B.R. Gray

5.2.3.1 Glutathione Peroxidase
- T.M. StepanJk, B.R. Gray and D. Ewing

(a) Characterip.atlon of the Amino Acid Composition of GlutathJone Peroxldase

Nothing tn report. Progress has been halted by the JnabJUty of the
chemical companies to supply the starting material, seleno cystlne, required
for the synthesis of carhoxymethylselenoeystein. This chemical Is expected to
arrive on site In the near future.

(\>) Monoclonal Antibodies to Glutathlone Peroxidase - KSH-Px

Final samples of glutathlone peroxidase have been prepared using the
Isolation procedure developed by T. Stepanik. Appropriate storage conditions
have been Identified. The accumulation of a sufficient quantity of GSH-Px Js
now complete so that a fusion experiment can proceed as soon as possible.

A series of experiments designed to Investigate the feasibility of
using the flow cytometer In the preparation of spleen cells for fusion were
completed. Optimum conditions for collecting cells and treatment prior to
fusion have been Identified. A preliminary study of conditions for survival
of spleen cells In short term culture for prospective experiments has been
successfully completed.

(c) Isolation of Human Superoxlde Dlsmutase, Catalase and Glutathlone Peroxi-
dase

In the report for Milestone #1 at the end of the second quarter of
1986, It was mentioned that complete purification of glutathlone peroxidase
was possible by incorporating an additional chromatography step Into the
overall purification scheme. Numerous attempts since then have failed to
achieve the same result. The problem does not H e with the additional chro-
matography step hut with the chromatographlc step preceding It. Experiments
designed to either overcome or circumvent this problem are now In progress-

After trying a variety of methods to separate SOD from catalase, It has
heen found that the most efficient method Involves the use of gel permeation
chromatography. This method results In a catalase preparation that Js greater
than 907 pure.

After separation from catalase by gel permeation chromatography, SOD
has been purified to homogeneity (as judged by SDS PAGE electrophoresls) by
further chromatocraphy. The purified SOD has a specific activity of 3200
units/mg enzyme (NRT assay), which Is comparaMe to preparations of SOD that

are commprdfli 1 y .ivfliiablr.

A new mini polyacrylamide gel electrophoresls apparatus was used to
effectively monitor the purification procedure by examining the pattern of
protein contamination In the eluted material.

Conditions for the final purification step for SOD were optimized.
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5.2.3,2 Isolation, Purification and Characterization of Peroxidation
Inhibiting Protein (PIP)

- C. Rasimiaaen and T.M, Rtepanik

The Final analytical technique required for characterization of the
enzymatic activity of PIP was established in the laboratory when the iron
thiocynate method for lipid hydroperoxide determination was found to produce
satisfactory results. A partial purification of PIP was achieved using
ammonium aulfate precipitation, ion-exchanRe chromatography and affinity
ehromatograpby on bromosulfophthalein-glutathione agarose. Phosphatidyl-
choline liposomes containing hydroperoxide groups were prepared, quantitated
for hydroperoxide and phospholipid content and then diluted to the proper
concentration for assay of PIP activity. The nasay revealed the presence of
detectable levels of PIP activity. However, the assay also revealed that the
PIP preparation contained unacceptable levels of contaminating enzymes which
prevented any further characterization of the enzymatic activity of PIP.
Further purification of the PIP preparation was not possible due to lack of
time before Ms Rasmussen left WNRE to persue graduate studies.

5.2,4 Molecular Radiobiology
- C.L. Greenstoek and R.P. Whitehouse

5.2.4.1 Conformational Studies

An attempt has been made to understand and control each variable
associated with the Fluorescence Lifetime Instrument (FLI), in order to
optimize data collection and analysis, and improve reproducibility to
facilitate overnight experiments on whole cells, cell nuclei and purified
organelles. A systematic study of the lamp characteristics, single photon
counting conditions, spectroscopic parameters and deconvolution methods has
led to significant improvements in the system.

When ethiHiuin bromide 1s Incubated with V-79 cells, the probe inter-
calates into the genetic material, leading to enhanced fluorescence. The
resulting time-resolved fluorescence signal has been resolved into three
components, the major one having a lifetime of 23 ns. This signal is similar
to that in isolated nuclei hut different from extracted DNA. These differences
can he used to monitor the effects of in vitro handling, storage and extrac-
tion procedures, and of the chemical environment on the structural integrity
and stability oF the DNA.

Following discvissions with Dr. P. Unrau at CRNL, FLI experiments are
underway to study the effects of salts, ionic strength and chaotropic agents
on DNA structure, particularly with respect to the B to Z transition.

5.2.A.2 Radiation Biochemistry

A gel permeation column has been used to separate and characterize
mono- and oligonucleotides in order to quantitate base- and sugar-phosphate
backbone damage in irradiated DNA. A non-linear dose-response relationship
suggests that initial backbone damage causes changes in structure of DNA,
possibly exposing base moieties, leading to increased fragmentation.
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In order to study the extent to which -Intramolecular energy transfer Js
involved, we are looking at synthetic polynucleotides containing the electron
trap BrUrd. The incorporation of BrUrd into synthetic nucleic acids increases

ie radiosensitivity of both bases and the sugar-phosphate backbone, and pro-
duces a more linear dose-response relationship, both of which are consistent
with intramolecular damage migration.

5.2.A . 3 K i n e t i c s

Tho Vnn de Graaff accelerator is being operated in the positive ion
moHp, and Is not available for pulsed electron radio]ysis studies.

Discussions have been held with Dr. D.R. McCracken, System Chemistry
and Material Branch concerning the reinstatement and upgrading of pulse
radiolysJfi at CRNL. The WNRE nanosecond pulser is being loaned to CRNL to
improve the time-resolution of proposed free radical kinetic studies at high
temperature.

Considerable time has been spent converting DEC system 10 computer
programs, written to collect and analyze kinetic spectroscopy data, to run on
the VAX 11. This experience in computer programming will be useful for making
improvements to the FLI.

5.2.5 Radiation and Chemical Carcinogenesis
- C.L. Greenstock, R.P. WhJtehouse, M. Einspenner and M.D. Sargent

5.?..5.1 Cancer Screening (with D.P. Heller)

Following optimization of the instrumental parameters and operating
conditions For the FLI, a series of experiments was performed to study the
different modes of interaction of the fluorescence probe eth^dium bromide with
PNA. Under different conditions of pH, Ionic strength, salt and buffer com-
position, and solvent polarity, four distinct interactions: electrostatic,
intercalation, and strong and weak affinity binding were identified and
investigated. Of these Interactions, intercalation operates over the widest
dynamic range and results in the greatest intensification of fluorescence.

Initial experiments to explore the potential of FLI to probe the
different stages of carcinogenesis in an in vitro system have focussed on the
human promyelocytic leukemia cell line HL-60. Ethidium bromide was incubated
with Ing-phase cells and fluorescence signals from samples of cell suspensions
(10 cells/ml,) were analyzed on the FLI. Reproducibi11ty from batch to batch
and within a single batch analyzed under different conditions was good, the
standard error on any one of the kinetic parameters determined being less than
+ IX. With this degree of reproducibility and In conjunction with the cell
sorter, It was possible to perform a ̂ -parameter analysis which showed a
strong positive correlation between the integrated lifetime data and the
percentage of S-phasp cells in any sample population. A similar, but weaker
correlation was also observed for Gl-phase cells. These preliminary studies
suggest not only that the FLI can resolve the number of S- and Gl-phase cells
in an asynchronous population, but also that there is a physicochemical
rationale for this correlation based on detectable an.! apparently reproducible
differences in thf conformational states of DNA.
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5,2.5.2 Metallothionelns (New Applications Project)

The radioprotective effect of metallothionein on DNA in aqueous
solution is associated primarily with the sugar-phosphate backbone. Studies
with mono- and ollgonucleotides indicate that inorganic phosphate release
increases linearly with radiation dose and is attributable mainly to the
hydroxyl free radical. In deoxygenated solutions, and to a lesser extent in
aerated solutions, metailothionein at concentrations (25 to 100 yg/mL) too low
to scavenge 'OH, does protect. The extent of this csdioprotection and Its
dependence on nucleotide and oxygen concentration are both consistent with the
oxygen fixation hypothesis whereby the thiol-containing metallothionein
competes with oxygen for 'OH-induced sugar radicals to reconstitute the sugar-
phoapate backbone -

Metallothionein (25ug/mL), added exogenously, has shown a small radio-
protective effect (dose reduction factor 1.25) on V-79 cells Irradiated in
air, and experiments are planned to study its effect on cell killing under
hypoxia.

Other experiments with V-79 cells in culture are underway to ascertain
to what extent endogenous metailothionein, induced by exposure to heavy
metals, acts as a radioprotector and a defence against other forms of
oxidative stress, and to what extent free radicals are involved.

5.3 BIOCHEMICAL TECHNOLOGY
- C A . Chuaqui, J. Merrttt, J. Vadasz, R. Klein and 6. Anderson

5.3.1 Chemical Reactivity of Oligosaccharides

The work to develop a laboratory scale reactor for treatment of wood
chips with HF has been finished. The desired variables, such as temperature,
rate of loading, etc, can be monitored and controlled. The yields of
extractable oligoaaccharides are reproducible and good.

5.3.2 Cyclodextrins

Adequate separations of racemic mixtures of model compounds (i.e
oxazoiinones) are being achieved by means of HPLC columns containing
Immobilized cyclodextrins.

A case for an Industrial Research Fellow to work on cyclodextrln
derivatives was prepared and presented' The case was approved and has been
submitted to NSERC. A decision is expected by 1987 February.

5.3.3 Benzofuroxans, Oxazolinonea and Superoxide Anion

The reactivity of model compounds, such as benzofuroxans and oxazoii-
nones, is being studied. Work is in progress on the solvolysis of oxazoii-
nones, as well as their tendency to generate free radicals under certain
conditions.

A manuscript has been finished and submitted for internal approval on
the reactivity of benzofuroxan with superoxide anion. Two other manuscripts
on the reactivity of oxazoiinones are in preparation.
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Inc., New York, 197-221.

A. Petkau (1986). Protection and repair of irradiated membranes, ibid pp 481-
50R.

A. Petkau (1986). Role of superoxide dismotase in modification of radiation
injury. Br. J. Cancer (in press).

J.G. Szekely and A.U. Lobreau (1986). The effect of glutathione depletion by
dlamlde, dlethyl maleate or buthione sulfoximine on the surface structure of
mouse L-celis. Scanning Electron Microscopy (in press).

5.5 ORAL PRESENTATIONS

C.A. Cbuaqui gave a talk "Reactivity of superoxide radical anJon In aprotic
solvents" to the Chemistry Department, Queen's University, Kingston, ON, 1986
Dec 9.

C.L. dreenstock presented an invited paper "DNA radiation damage and its modi-
fication by metallothionein", Third Biennial meeting of the Society for Free
Radical Research, Dusseldorf, W Germany, 1986 July 21-

C.L. Greenstock gave an interview on his research work and being elected a
Fellow of the Institute of Physics, to Canadian Research, 1986 Aug 1.

C.L. Greenstock gave a talk "Cancer diagnosis: Recent developments in research
to PInawa Secondary School, Pinawa, 1986 Sept 11.

C.L. Greenstock gave a talk on "Cancer: Its causes, early diagnosis and treat-
ment" to Lac du Bonnet Senior School, Lac du Bonnet, 1986 Oct 7.

C.L. Greenstock gave a seminar "Molecular Biophysics, radioprotection and
cancer screening", Chalk River Nuclear Laboratories, Chalk River, ON, 1986
Nov 12.

C.L. Greenstock gave an invited Beminar on "Free radicals and biological
responses Jn radiation Inactivatlon, drug toxicity, cancer and aging
"Department of Chemistry and Biochemistry, University of Guelph, Guelph, ON

Nov H .

CL. Greenstock save the following talks as part of the AECL Speakers Bureau:

(a) Energy and Risk: Imporuant Decisions for Society, Queen Elizabeth
Comprehensive High School, Edmonton, 1986 Nov 25.
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(h) Health and Safety Issues For Nuclear Power, Queen Elizabeth
Gomnrehenisve High School, Edmonton, 1986 Nov 25

(c) Energy and Risk: Important Decisions For Society, La Zerte Compre-
hensive High School, Edmonton, 1986 Nov 26.

(d) Health and Safety Issues For Nuclear Power, La Zerte Comprehensive
High School, Edmonton, 1986 Nov 26.

(e) Energy and Risk: Important Decisions for Society. St Albert High
School, Edmonton, 1986 Nov 26.

(f) Energy and Risk: Important Decisions for Society. Austin O'Brien
Separate High School, Edmonton, 1986 Nov 27.

(e) Health and Safety Issues for Nuclear Power. Austin O'Brien Separate
High School, Edmonton, 1986 Nov 27.

(h) Health and Safety Issues for Nuclear Power. Camrose Comprehensive
High School, Camrose, 1986 Nov 27.

A. Petkau gave a lecture "Modification of radiation injury by Free radical
scavengers" as part of a Cancer Biology Course, Manitoba Cancer Treatment and
Research Foundation and University of Manitoba, Winnipeg, 1986 Nov 4.

A. Petkau presented the technical component of an interim review of a mini-
business plan for the Medical Biophysics program, CRNL, 1986 Dec 3.

Jtft. Szekely presented a lecture "Nature of radiation and the biological sig-
nificance of low-level radiation to the Shell Merit Fellowship in Energy
recipients, WNRE, 1986 July 21.

J.G. Szekely gave a talk to new employees "Radiobiology and the hazard of
ionizing radiation", WNRE, 1986 Oct 28 and Nov 13.

5.6 REPORTS

S.n. Pleskach and A. Petkau. Manual of Bioassay Procedures for Radionuclldes.
AECL Report 9051, 1986 June.

J.G. Szekely, A.U. Lobreau, G.P. Raaphorst. Anisotonic NaCl treatment of V79
cells produces ultrastructural changes that mimic those seen in mitosis. AECL
Report 9052, 1986 March.
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