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1. HEALTH SCIENCE DIVISION SUMMARY

A.M. Marko

Health Physics

The examination of the response of electrochemlcally-
etched (ECE) CR-39 to neutrons up to 14 MeV has shown that by
adjustment of pre-etch times it is possible to register protons up
to 7 MeV but above this energy and with pre-etch times of up to 112
hours no ECE tracks are found, although chemically etched tracks
are visible for protons up to 10 MeV. The low energy neutron
response (<150 kw) of CR-39 is being treated with monoenergetic
protons of energy below 150 keV. A beam deflection system to give
short pulses of protons from a 150 keV accelerator has been
installed and will be used to give direct exposures to CR-39
foils.

The study of the characteristics of superheated liquid
drop detectors for neutrons has continued with examination of the
effects of freon droplet size, the effect of mixing freon of
different types and the effect of the temperature of the system.
The behaviour of the bubbles generated by neutron exposures after
their formation has been examined with time-lapse photography.

Development of the data handling system for the
transportable neutron spectrometer has continued and the software
for the transfer of data from the pulse height analyzer to the
computer has been written and tested.

The possibility of improving the sensitivity of TLD
readers by using a UV-transmitting light guide has been
investigated for both LiF and MgB^OySDy dosimeters. The small
changes which result do not justify modification of the TLD reader.
A practical means of using MgB^0y:Dy TLDs mounted on plaques
has been realized and the characteristics of this dosimeter have
been examined. While a high sensitivity is achievable, the fading
of the stored dose is such that these dosimeters should be
restricted to short-term use, e.g.: for the monitoring of persons
who may be exposed at low levels for short periods, such as
occasional visitors to radiation areas.

A portable tritium-ln-air monitor has been modified to
provide compensation against response to noble gases in the sampled
air by flowing the air through the second (gamma compensating) ion
chamber after drying. Compensation of better than 95% has been
found when tested with two noble gas samples, one containing mainly
radioxenons and the other, ^ A r .

The development of the stack effluent monitor has con-
tinued with an examination of the relative advantages of a sample
changer based upon sliding shuttles and one using an industrial
robot. The conclusions indicate it is preferable to proceed with
the use of shuttle mechanisms. The processor/controller has been
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received from the manufacturer and has been tested with the noble
gas monitor and further circuit development has continued on the
particulate and iodine detectors.

Tests have been carried out with a phantom loaded with
dosimeters and exposed in two locations (the NRX lower header room
and the ^^Mo production facility) where significant exposure
may occur in quite non-uniform radiation fields. The relationships
between dosimeter reading and critical organ doses and effective
dose equivalent have been established for these practical exposure
situations. For the protection of workers whose doses are limited
by considerations of critical organ limits the dosimeter must be
worn on the surface of the body facing the major radiation source;
for the case where doses are limited by consideration of the
effective dose equivalent, an accurate estimate is obtained by the
average reading of two dosimeters, one worn on the front of the
body and one on the back.

Environmental Research

A study of thermally enhanced atmospheric plume rise is
underway. Facilities consisting of a 3-dimensional grid of 400
thermocouples around a ring of propane burners have been set up at
our niicrometeorology field and experiments will proceed during the
summer.

A cooperative study with the University of Waterloo has
been started at Perch Lake relating the measured components of the
energy budget of the lake to the large scale weather patterns of
the area. Such a relationship if it could be isolated would be
most useful for predicting the energy and water budgets of
uninstrumented lakes.

The response of drainage systems to melting, infiltration
and/or runoff of the winter snowpack is being studied by
hydrologic, chemical and isotopic techniques. Atmospheric-derived
sulphate, nitrate, common cations and distinctive hydrogen isotope
ratios serve as markers for the snowmelt. Preliminary results from
a study of the deuterium content of sno.wmelt and streamflow of the
five inlet streams of Perch Lake indicate that in the basins with
extensive wetlands, drainage of the snowmelt is primarily by direct
incorporation into the streamflow. In the basins without wetlands,
streamflow augmentation is by increased groundwater discharge
resulting from increased hydraulic gradient as snowmelt infiltra-
tion reaches the water tablt.

i o 1
Modelling of data from last year's J-J-Li subsurface

dispersivity experiment provides evidence that, at this site,
strata 20 to 40 cm thick hi.ve uniform hydraulic properties over
distances of more than 20 m. A constant scale-independent
dispersivity can be found as representative within an individual
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layer. Good agreement between the dispersivities of Individual
layers and field column dispersivIties indicates that the scale of
heterogeneity is less than the 15 cm length of the column. Various
long-lived gamma emitting isotopes are being tested as potential
non-reactive tracers for a 50 m dispersivity test.

An analytical model for simulating the transport of
radionuclides in groundwater flow systems for time-dependent
boundary conditions has been developed. The model accommodates
one, two, three and four member decay chains.

The integrated mass of •* Cs in the sediments of
eight small lakes near CRNL has been found to be much less than the
total amount of atmospheric fallout in the period 1955-1982.
Contrary to expectations, the rates of sedimentation have not
proved to be inversely proportional to the ionic strength of the
lake waters. Measurements of Cs in the water column as
well as in the sediment core are now being done to test whether
these results can be explained by the resuspension of Cs
from the lake sediments. The chronology of the cores is being
determined by Pb measurements.

Studies have continued on the role of freshwater molluscs
in removing particulate material from suspension and sedimenting it
as faecal waste. Bioaccummulation of ^^Fe-labelled particles
in suspension indicates that a single clam can remove approximtely
2 g •a~l dry weight of suspended material from the surrounding
media. Depending on the natural population density of clams, this
may be a significant means of removal of radioactive particulates
In a lake or river.

Development of techniques for detecting points of
groundwater discharge from bedrock and characterizing the waters
have continued. Aerial thermal infra-red scanning carried out by a
contractor over the CRNL and East Bull Lake sites successfully
identified points of warm water discharge against the low
temperature snow cover. A sediment temperature drag for measuring
thermal gradients across lakebeds has been constructed. A borehole
dilution apparatus especially adapted for measuring fracture flow
velocities in short sections of bedrock boreholes has been
constructed and tested. We continue to.develop the use of
chemical-anions, Eh, pH- and isotopic- Rn , ̂ H, C,
U decay series Isotope-measurements to characterize water from
bedrock boreholes and establish its age.

Measurements of the distribution of residual bomb tritium
in waters draining from the Gloucester special waste disposal site
have been done to establish a time scale for groundwater movement.
Some tritium concentrations close to the disposal site are too high
to be reconciled with the Ottawa tritium precipitation record and
are thought to indicate the disposal of tritiated waste in the site
within the past 10 years.
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Mapping of the plume of ^Sr migrating from the
former nitrate decomposition plant has been completed. The plume
now extends approximately 340 m downgradient of the source compared
to 190 m in 1962. The inventory of sorbed 9oSr outside the
decomposition plant fence is estimated to be 7.9 TBq.

Slightly elevated levels of organically-bound JH and
C have been measured in grasses growing near the burial

trenches in Waste Management Areas B and C indicating some
atmospheric dispersal of ^H and ^C from these waste
management operations. Concentrations are not high enough to
constitute any hazard at the site or amount to a significant
release to the general environment. They serve as a warning of the
mobility of these radionuclides.

Development continued on a number of analytical
techniques including ultra-trace measurement of stable Co,
speciation of environmental "^Co by ±on exchange separations,
speciation of trace metals by High Performance Liquid Chromatog-
raphy using an Ion Pair Reverse Phase technique. In view of
increasing attention to trace and ultra—trace levels of substance
In the environment, need for a "clean room" facility has been
recognized and preliminary planning undertaken.

There has been considerable interest by several
industries in our capability to do accurate pipe-line flow measure-
ments in either gas or liquid systems using a radiotracer of
relatively short half-life. A customer manual describing the
radiotracer methods is being prepared. More rugged, automated
equipment is being developed to facilitate working in the field and
provide essentially "on-line" results.

Results from the routine monitoring program are reported.
No unusual discharge of radioactivity to the environment occurred
through the period. The Gaussian plume model was successfully run
during the two "stay-in" exercises in the past six months. Model
output was available within ten minutes.

Radiation Biology

Research activity in this Branch has continued to deal
with the effects of radiation upon a variety of living organisms.
The principal sensitive target for radiation, particularly at
non-lethal doses, is believed to be DNA, the genetic material.
Damage to DNA in reproductive cells may cause mutations which show
up In future generations while damage in other cells of the body
may lead to cancer in the exposed individual. It is known that
most living cells have the capacity to modify some or all of the
damage to this vital cell component. Work in the Radiation Biology
Branch has dealt with both the nature of the DNA damage and the
response of cells as they attempt to repair this injury.
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Specific projects in the period have dealt with:
(1) A method for determining the genotoxic (carcinogenic) potential
of chemicals by exposing animals to these chemicals and analysing
cells in different organs for damage to the DNA. (2) Examining the
intracellular fate of damage to DNA caused by tumor-promoting
agents. (3) Examination of molecular events following exposure of
human cells in culture to ultraviolet light and alkylating
chemicals. (A) Further analysis of data from a study of the
induction of breast cancer in rats by different forms of ionizing
radiation. (5) Studies with yeast involving radiation-induced
genetic changes, as modified by varying concentration of oxygen,
and further studies of the induction of thermal resistance as
effected by prior exposure >".o ionizing radiation, ultraviolet
irradiation and thermal stress. (6) Further development of a
screening procedure for detecting radiosensitive individuals in the
population. (7) Hyper sensitivity of a human fetal cell line to a
carcinogenic chemical. (8) Laboratory confirmation of a clinically
diagnosed genetic disease (Xeroderma pigmentosum). (9) Establish-
ing the range of radioresponse in skin fibroblasts from normal
human donors. (10) Study of molecular defects in DNA after UV
irradiation of cells from an individual with a rare geretic disease
(Xeroderma pigmentosum group D ) . (11) Further studies of cells
from members of cancer-prone families to determine their sensi-
tivity to cancer-causing agents.

Biomedical Research

All the interactive programs and procedures for record-
ing, reporting and scheduling the work of the Bioassay Laboratory
have been tested and are now working satisfactorily. The final
step of scheduling the monitoring of personnel is being initiated.

Experimental protocol for two experiments involving the
administration of radioisotopes to volunteers have been reviewed
and approved by the AECL Clinical Radloisotope Committee. These
experiments will study the conversion of inhaled tritlated hydrogen
gas to tritiated water _̂n vivo, and the influence of the Ingestion
of low levels of stable iodine on the thyroid uptake of radio-
iodine. It is anticipated that the first study will be financially
supported by the Canadian Fusion Fuel Technology Project.
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2. HEALTH PHYSICS BRANCH
by

G. Cowper

2.1 Staff

2.2 Neutron Dosimetry

2.2.1 Response of Electrochemically-etched CR-39 to
Monoenergetic Protons of 0.7 to 14 MeV

2.2.2 Registration of Low-Energy Proton Tracks in CR-39
2.2.3 Separation of Electrochemically-Etched Tracks

Produced by Protons or Alpha Particles
2.2.4 Superheated Liquid Drop Detectors for Neutrons
2.2.5 Development of Microcomputer-Based Transportable

Neutron Spectrometer
2.2.6 Special Publication on Neutron Dosimetry in Radiation

Protection

2.3 Thermoluminescence Dosimetry

2.3.1 Automatic TLD Reader AEP-5256B
2.3.2 Use of a O T Light Guide in the TLD Reader
2.3.3 MgB4O7:Dy TLDs
2.3.4 New Personnel Dosimeter Plaques
2.3.5 TLD Dose Calculator
2.3.6 Sixth International Intercomparison of Environmental

Dosimeters
2.3.7 Digital Glow Curve Plotter

2.4 Tritium Monitoring

2.4.1 Portable Tritium-in-Air Monitor, AEP-5-321
2.4.2 Portable Noble-Gas-Compensated Tritium Monitor,

AEP-5351
2.4.3 HTO Measurements by a Flow Modulation Technique
2.4.4 Discriminating Tritium-in-Air Monitor
2.4.5 HT Exposures to Humans

2.5 Stack Effluent Monitor

2.5.1 Processor/Controller
2.5.2 Filter Change System
2.5.3 Noble Gas Detector
2.5.4 Particulate Detectors
2.5.5 Iodine Detectors

2.6 Personnel Dosimetry

2.6.1 Relationship between Dosimeter Reading and Doses in a
Phantom Exposed under Field Conditions

2.6.2 Intercomparison of Pencil Chambers and 1'LD Readings
2.6.3 Measurement of Output of a Standard Radium Source
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2.7 Radiation Instrument Developments

2.7.1 Evaluation of the Energy Dependence' of a GM Counter
2.7.2 Beta Dose Rate Meter, AEP-5337A.B
2.7.3 Airborne 3-Partlculate Monitor, AEP-5331
2.7.4 Ion Chamber for llfC Measurement

2.8 Miscellaneous Monitoring Problems

2.8.1 Noble Gas Monitor for NRX Dump Tank
2.8.2 NPD Stack Monitor

2.9 Radiation Dose Monitoring

2.9.1 Radiation Dose Recording
2.9.2 Body Radiation Doses
2.9.3 Hand Radiation Doses

2.10 Publications and Presentations

2.10.1 Publications
2.10.2 Presentations
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2.1 STAFF
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A.R. Jones
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Personnel Monitoring
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N.L. Hayward

Assistants: A. Arneja
P.J. Bunge
N.0. Freedman

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

Assistants: M. Wood
R.A. Surette

Assistant: L.W. Shankland

B.A. MacDonald(l)
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R.M. Rondeau(2)
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T. Romaniszyn

(1) On loan from Drawing Office
(2) Eetired May 30, 1983

National Summer Students

S. Allen, supervisor R.G.C. McElroy, arrived 3 May 1983

C. Campbell, supervisor H. Ing, arrived 16 May 1983

Local Summer Student

J. Anderson, supervisor A.R. Jones, arrived 22 June 1983.
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2.2 NEUTRON DOSiMETRY

2.2.1 The Response of Electrochemically-Etched CR-39 to Mono-
energetic Protons of 0.7 to 14 MeV
W.G. Cross, A. Arneja and H. Ing

Previous studies of electrochemically-etched (ECE) alpha
particle tracks in CR-39 (PR-HS-12) showed that, to obtain
efficient registration, the pre-etching time must be between
limits that increase steadily with alpha-particle energy.
We have now investigated similar behaviour for tracks of
protons of 0.7 to 14 MeV. Monoenergetic protons of 2.6
and 14 MeV were produced by bombarding a deuterium target
with deuterons and 3He ions respectively. Protons of
various energies were obtained when the 2.6 MeV protons
passed through Al foils of various thicknesses and entered
CR-39 samples at normal incidence. Transmission of 14 MeV
protons through an Al wedge gave a continuous distribution
of proton energies from 1 to 7 MeV as a function of position
across the CR-39. Tracks were pre-etched for times between
4 and 112 hours in 6N KOH at 60°C, electrochemically etched
for 5 hours at room temperature and observed at a
magnification of 26.

As was found for alpha particles, for each energy there
is a range of pre-etching times that gives efficient
registration of ECE tracks and the boundaries of this range
increase steadily with energy. When pre-etching times exceed
this range, the pre-etched tracks appear as hollow circles
and are presumably too rounded to initiate electrical break-
down. Between 0.7 and 6 MeV, pre-etch times for optimal
ECE registration vary from 8 to 64 hours. At proton
energies >/ MsV, no ECE tracks were seen, even for pre-
etch times up to 112 hours, although chemically etched
tracks were visible for protons up to 10 MeV. This
behaviour helps to explain the differences in the numbers
of observed chemically-etched and ECE tracks produced by
neutrons of different energies. It suggests that there are
no pre-etch conditions that will lead to ECE registration
of all tracks from neutrons of a given energy.

2.2.2 Registration of Low-Energy Proton Tracks in CR-39
W.G. Cross, A. Arneja and H. Ing

Electrochemically etched CR-39 appears to have a lower
detection threshold of about 140 keV for neutrons.
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To study the reasons for this threshold we are
investigating the response of CR-39 to monoenergetic
protons of energies below 150 keV. The technical problem
is the production of sufficiently low fluences of protons
at the CR-39. The usual backscattering technique is
difficult at these energies since extremely thin (and
fragile) scattering foils are required. We have
constructed a beam deflection system for a 150-keV
accelerator to give a single pulse of protons a few
microseconds wide. This is being tested. The CR-39
will be placed directly in the beam.

2.2.3 Separation of Electrochemically-Etched Tracks Produced by
Protons or Alpha Particles
W.G. Cross, A. Arneja and H. Ing

The variation with energy, of the pre-etching time
for efficient registration of electrochemically-etched
(ECE) proton and alpha tracks in CR-39, makes it possible
to separate ECE proton tracks from alpha tracks by
selective pre-etching. For our etching conditions (see
2.2.1), 4 hours of pre-etching will give ECE tracks for
alpha particles from 2 to 6 MeV, but no ECE tracks for
protons of 1 MeV and above. For 700 keV protons, tracks
are visible but small enough that they would not be
identified as alpha particles. The behaviour for lower
energy protons has not yet been investigated.

2.2.4 Superheated Liquid Drop Detectors for Neutrons
H. Ing and H.C. Birnboim*

Attention has been focussed on the factors governing
the neutron detection sensitivity of superheated liquid
droplets embedded in a gel and the behaviour of the
bubbles after their formation by neutron radiation.

The detection sensitivity was found to depend upon
the vapour pressure of the superheated droplet, the size
of the liquid droplet and the neutron energy. The effect
of vapour pressure was studied by varying the temperature
of the host medium, by varying the ambient pressure
around the host medium and by using different sensitive
liquids. The detector reading does not change linearly
with the pressure differential between the vapour pressure
of the liquid droplet and the ambient pressure; a doubling
of the pressure differential can result in an increase in
sensitivity by an order of magnitude. This behaviour is

*Radiation Biology Branch
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not yet understood.

Most of the studies have used freon-12 or freon-114
as the sensitive liquid. Droplets of different sizes
were obtained by using different methods of emulsification.
It was found that freon-12 droplets above about 10 ym
diameter responded to Pu-Be neutrons for temperatures above
0°C (the approximate freezing point of the gels used) while
freon-114 droplets of this size would detect neutrons only
above ^25°C. However, when the droplet size is reduced to
about 1 ym, there is no response to neutrons even at 100°C.

Some measurements were made using a sensitive liquid
produced by mixing freon-12 and freon-114 in various
proportions. The behaviour with such sensitive liquids
was intermediate between those for the two constituents.
An experiment showed that the two freons were completely
miscible and that the vapour pressure of the solution
obeys Raoult's law for ideal solutions.

Qualitative studies were made on the effect of neutron
energy on detection sensitivity. Comparison of results for
2.6 MeV neutrons, Pu-Be neutrons and 14-MeV neutrons
indicated that the detector response per mrem increases
with neutron energy. Better data are required for
quantitative analysis.

A series of studies using time-lapsed photography
provided considerable insight into the behaviour of the
bubbles after their formation. When the liquid droplets
are very closely spaced, the expansion of one bubble
brings it into contact with an adjacent droplet causing it
to volatilize and eventually leading to a "cascading effect"
which destroys proportionality between the number of bubbles
and a given dose. This effect can be overcome by reducing
the concentration of the liquid droplets. Without the
cascading effect, the bubbles expand to an equilibrium size
governed by the original droplet volume, the ambient pressure
and the gel stiffness. The rate of expansion is determined
by the vapour pressure of the sensitive liquid and the
properties of the medium. For freon-12 and freon-114, the
time to attain bubble equilibrium is less than 2 hours.
After this period, bubble instability appears to be caused
by:

(a) the breaking of the gel lattice under the tension of
the bubble allowing the gel bubble to escape from
the gel and,

(b) the diffusion of gas from the bubble into the gel
matrix causing the bubble to disappear gradually.
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Various techniques have been used to improve the long-
term stability of the. bubbles. A more elastic gel was found
to be less likely to break during bubble expansion and better
for holding the bubbles in place. The use of a pressu-xzing
liquid around the gel reduced the pressure differential of
the droplets and retarded the diffusion rate of gas from
the bubbles so that the bubbles are stable for periods of
weeks.

Preliminary studies have also been done which show that
it is possible to "reactivate" faded bubbles. If the
reactivation is perfect (i.e., if every site is reactivated),
bubble instability may no longer be important.

2.2.5 Development of Microcomputer-based Transportable Neutron
Spectrometer
H. Ing, P.J. Bunge, W.G. Cross and N.O. Freedman

A variation of the Health Physics Minicomputer (PR-HS-13)
which uses cassette tape instead of floppy-disc storage was
built and incorporated as an integral part of the transportable
proportional counter spectrometry system. This unit, the size
of a standard NIM-bin, is located below the multi-channel
analyzer and performs the required data processing on the raw
data produced by the neutron spectrometer.

The essential software for performing the various
functions has been written and tested separately. This
includes the transfer of raw data from the analyzer memory
to minicomputer, the unfolding of the data using a modified
version of the FORTRAN program SPEC4 (stored in ROM), the
transferring of data files from the minicomputer to analyzer
display and the output of the displayed data to a cassette
or printer.

Measurements of 2.6 MeV neutrons were made to provide
actual data for checking these various functions as used in
practice and to set up the parameters for desired graphic
display of spectral results.

2.2.6 Special Publication on Neutron Dosimetry in Radiation Protection

H. Ing (with E. Piesch, Karlsruhe Nuclear Research Centre,
Karlsruhe, Germany).

A special publication on "Neutron Dosimetry in Radiation
Protection" is being prepared for Radiation Protection Dosimetry.
The volume will consist of 31 invited papers prepared by 42
authors from 23 institutions in Europe and North America and
will consist of authoritative papers covering most of the
important current topics in neutron dosimetry. The papers
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will be grouped into seven sections entitled introduction,
basic data for neutron dosimetry, field monitoring techniques,
personal dosimetry techniques, special techniques, current
techniques, current developments and evaluation of dosimetry
systems,, The publication is intended for beginners as well
as experts in various areas of neutron dositnetry.

Papers are to be submitted by 1 September 1983 and after
editing will be forwarded to the publisher by early 19?i.

2.3 THERMOLUMINESCENCE DOSIMETRY

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

Following assemhly of the new reader at CRNL, it was
loaned to Ontario Hydro (Central Safety Services) for two
months to permit evaluation. It is now in service at
CRNL.

A manual (CRNL-2388) has been completed. It deals
with the principles, performance and description of the
Automatic TLD Reader and also describes the whole TLD
system and its operation. To permit maintenance or
modification, circuit diagrams, parts lists and a listing
of the control program are also given.

2.3.2 Use of a UV Light Guide in the TLD Reader
A.R. Jones and W. Richter

The transmission characteristics of the light guide
(from the American Optical Co.) are not the optimum for
use with LiF TLD-100. While the TLD emits light in the
blue and near UV the light guide does not transmit UV.
A light guide made for UV transmission was substituted for
the standard one and the relative sensitivity to light
from LiF TLD-100, normal and sensitized and to MgB^OyiDy
TLDs was measured.

It was found that the use of the UV light guide
increased the sensitivity to TLD-100 by about 10 and 30%
for the sensitized and normal phosphor. For MgB4Oy:Dy
a decrease in sensitivity of about 25% was found. These
changes were in approximate agreement with calculations,
except in the case of normal TLD-100. The effect of changing
the light guide shows that there is a difference in the
emission spectra of the standard and sensitized LiF.

These differences in sensitivity do not warrant the
change to a UV light guide.
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2.3.3 MgB4O?:Dy TLDs

A.R. Jones and A. Ohno

A program to adapt the CRNL TLD system, using an
automatic TLD reader, to use MgB^OyiDy TLDs has been
carried out. Following this, the performance of the
plaque mounted dosimeters was studied and the advantages
and limitations evaluated. It was found that these
dosimeters can be used over a wide range but are
particularly useful when it is needed to measure, or
reliably detect, doses between 20 and 200 \iGy (2-20 mrad).
However, because of high fading, the time between exposure
and reading should be limited to 1 week. A suitable
application is the monitoring of short term visitors
(e.g., members of the public) where it is necessary to
demonstrate that doses are below a certain low value.

The first problem encountered in the adaptation of
the TLD system was caused by the emission of components
of the binder which then covered the reader light guide
with an opaque white film. This was solved satisfactorily
by covering the TLD with a thin teflon cover or by
annealing the TLD once, for 1 hour at 300°C.

The second problem was to find the optimum temperature,
of the upper and cooler side of the TLD at which heating and
reading should end. This had to allow for the fact that
the second TLD on the plaque used for monitoring surface
doses had to be read properly at the same temperature.
Further this second TLD could not be a MgB^yrDy TLD
because it is too thick for monitoring surface doses. It
was found that a TLD-100 block, 0.38 mm thick, or a thin
layer of LiF powder stuck to the polyimide substrate could
be used for this purpose.

The following aspects of performance of the plaque
mounted MgB4O7:Dy have been studied

- reproducability over repeated reading cycles (100)
- fading when stored at 20-30°C
- fading when exposed to white fluo-rescent lamp light
- induction of spurious signals when unexposed dosimeters

are exposed to white fluorescent lamps

~ reproducibility of response to. exposures in the range
2-20 mR

- sensitivity in relation to plaque-mounted sensitized
L1F TLDs in the CRNL readers

- dependence of sensitivity on pre-reading annealing
temperatures
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- dependence of sensitivity on photon energy when mounted
two in a holder (for environmental measurements) or in
a holder with a 0.03 mm lead filter and mounted on a
phantom (to simulate personnel dosimetry).

2.3.4 New Personnel Dosimeter Plaques
A.R. Jones

8000 sets (one 0.9 and one 0.38 mm thick) of TLDs have
been sensitized at CRNL and mounted on plaques by Scintrex
Limited to meet quality verification CSA Z299.3 requirements.
These dosimeter plaques are needed to replace the existing
stock of dosimeter plaques which have been in use for
eleven years.

A sample batch of 200 dosimeter plaques all failed to
meet the dimensional tolerances and were sent back for
reworking. The balance and the original, reworked, plaques
have been received and inspection shows compliance with
the dimensions.

The dosimeter plaques are now being reac1 twice to
ensure that all are suited for low level monitoring before
the calibration procedure begins. This procedure will not
be applied to the existing stock since it is intended to
replace them with the new ones.

2.3.5 TLD Dose Calculator
A.R. Jones and W.F. Richter

The design of a dose calculator is in progress. Its
first function is to take the readings from the automatic
TLD reader and use them to calculate the doses on-line
and output them as each dosimeter is read. For this
purpose it would require readings from

- the dosimeter exposed at an unknown level
- two standard dosimeters exposed at a known level
- two control dosimeters exposed only to background radiation

and read twice.

The calculation is made with these data and calibration
factors linked to identify numbers. The latter data are
stored on a 3V1 disc.

Its second function is to accept readings from up to
200 TLDs, which have been uniformly irradiated and annealed,
and use these readings to calculate and store calibration
factors for use in the first function. This procedure can
be done when new dosimeter plaques are assembled or when they
are recalibrated.
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2.3.6 Sixth International Intercomparison of Environmental Dosimeters
A.R. Jones and W. Richter

In an intercomparison organized by the U.S. Department
of Energy, packages of TLDs similar to those used in the
environmental dosimetry program were submitted to unknown
exposures given under three conditions - (1) in the
laboratory in a short time, (2) in the field over 3 months,
(3) in the laboratory in a short time followed by 3 months
storage and exposure in the field.

The agreement between the given and our measured
exposures was within 4%.

2.3.7 Digital Glow Curve Plotter
R.M. Holford

The feasibility of producing a digital glow-curve plotter
for use as an accessory to the TLD Reader has been studied.
This instrument would record the light output of the TLD
chips as a function of time in digital form. The data would
then be interpolated, smoothed and scaled appropriately for
plotting by a dot-matrix printer. Since these operations
would take place after the complete curve had been
accumulated, parameters such as the smoothing time-constant
and scalxig factors would be based on an analysis of the data.
This would allow for a much wider range of operations than
is possible with the on-line analogue instrument that is
used at present. The curve could be plotted immediately or
stored for future reference. This would be useful not only
to save paper but also to avoid holding up the reader, since
the dot-matrix plotter is likely to be a relatively slow
device.

2.4 TRITIUM MONITORING

2.4.1 Portable Tritium-in-Air Monitor AEP-5321
R.G.C. McElroy and M.J. Wood

We had previously performed various tests on the
temperature response of the AEP-5321. On the basis of these
tests, we had concluded that the primary effect of temperature
was an output variation of between -0.2 and -0.5%/°C. We
attributed this to the temperature variation of the feedback
resistor in the electrometer.
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We had reached this conclusion without directly measuring
the temperature response of the electrometer as installed
in the monitor Because of the inaccessibility of the
electrometer input when so installed. An AEP-5321, modified
tr allow access to the electrometer input has now been
tested and the above result was confirmed.

The tests are described in CRNL-2409.

The first commercial version of this monitor (Scintrex
Model 209) was introduced during the first week of May
at the Canadian Radiation Protection Association meeting.
It incorporates most of the design features of the AEP-5321
but differs in packaging and peripheral features. This
re-engineering of the monitor was financed partly by
the Canadian Fusion Fuels Technology Project and was
undertaken to facilitate efficient manufacturing and to
accommodate design modifications suggested by Ontario Hydro
and other users.

Two of the new monitors have been examined; they are
well designed, rugged and have an attractive appearance.
They are a little heavier than the prototype but this is
largely due to the increased battery capacity.

A preliminary testing of the monitor in presence of
y-radiation or HTO shows it to be indistinguisable from
the prototype. We hope to perform a more thorough
evaluation in the future.

2.4.2 Portable Noble-Gas-Compensated Tritium Monitor, AEP-5351
M.J. Wood and R.G.C. McElroy

The AEP-5351 is an AEP-5321 HTO-in-air^monitor modified
to include compensation against other radioactive gases.
The compensation current is achieved by drying the sample
air to remove the HTO, prior to measuring it in an ion
chamber identical to the HTO-measuring ion chamber. The
drying is accomplished by passing the air exhausted
from the HTO-measuring ion chamber through a vial containing
silica gel.

Tests have been performed at various humidities. The
results show that a vial containing 12 mL of silica gel
allows operation for 3 to 5 hours before there is
significant breakthrough to HTO. These tests were done
with room temperature air with dew points less than 16°C.
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The response of this system to air samples obtained
from the 99Mo facility stack and the reactor stack was
measured. The former contains mainly Xe isotopes while
the latter contains primarily '*1Ar. In both cases,
the compensation was better than 95% as compared to an
unmodified AEP-5321. However, the signal becomes very
noisy when large currents are being compensated.

While we have successfully established the design
concept we will not pursue this option at this time.
It would be appropriate to base a prototype design on the
Scintrex Model 209 rather than the AEP-5321.

2.4.3 HTO Measurements by a Flow Modulation Technique
R.A. Surette and R.G.C. McElroy

The assembly of a prototype monitor (AEP-5350) to
demonstrate the utility of the flow modulation technique
has begun.

Most of the flow hardware has been installed, but
not the electronics. For an electrometer, we have decided
to use one based upon the successful AEP-5321 design and
it will be the same as that used in the re-engineered
discriminating tritium monitor. The Keithley 301
electrometer was evaluated but found to be less satisfactory,

2.4.4 Discriminating Tritium-in-Air Monitor
R.G.C. McElroy and R.A. Surette

The operation of the prototype AEP-5336 discriminating
tritium-in-air monitor successfully continued throughout
the period. There were two minor interruptions in operation
caused by the necessity to replace the ion chamber polarizing
batteries. The first replacement was consistent with the
monitor's expected maintenance schedule but the second
was most likely due to a substandard replacement battery.
(The need to replace batteries is indicated by an increase
in the noise on the chart recorder which appears before the
low battery warning is.activated).

A fully engineered version of this monitor is now
being designed. It is based upon the experience gained
with the prototype and on the perceived needs in various
installations, notably tritium extraction plants and fusion
facilities. This project is being funded by both AECL and
the Canadian Fusion Fuels Technology Project and is being
carried out as a joint project between the Health Physics
Branch and the Electronics Branch.
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The funding for the first phase of this project, a
design review and detailed evaluation of the prototype, was
approved late last year, with the bulk of the work being
done since January 1983, A report documenting this phase
of the project is now in draft form.

The target specifications of the proposed new monitor
were reached by considering the inherent capabilities and
limitation of a Nafion based discriminating tritium monitor
and the needs of possible users. Copies of the specifications
were sent to interested reviewers in Ontario Hydro and fusion
workers in the USA. The target specifications were then
modified where appropriats to reflect the opinions received.

The proposed instrument follows the general design
of the prototype but with some important differences. With
respect to the flow and detector system, the major differences
are: the various flow are to be controlled by mass flow
controllers: the input sample stream is to be humidified;
the instrument measures total tritium - not HT separated from
HTO - and HTO; the electrometer will be based upon the one
in the AEP-5321 but modified to provide a digital output
and to accommodate external range changes.

One area of concern is the high temperature performance
of the monitor. To investigate this we measured the high
temperature (up to A7°C) permeation rate of the Nafion dryer
at 10°C and 20°C dew points. These measurements indicated
that at high temperatures the permeation rate is primarily
dependent upon the relative humidity and not the absolute
moisture content of the air. Without corrective measures,
the monitor would underestimate the HTO concentration under
hot dry conditions. Proper humidification of the input
air should overcome this potential problem.

2.4.5 HT Exposures to Humans
R.G.C. McElroy

In cooperation with the Biomedical Research Branch a
proposal to study HT to HTO conversion in vivo was prepared.
The experiment would involve both rat and human experiments.
Permission to proceed with these experiments was sought from
the AECL Clinical Radioisotope Committee. The proposed
experiment involving tritiated hydrogen exposures to human
volunteers was approved in principle, but final approval
would await the results of the animal experiments.
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2.5 STACK EFFLUENT MONITOR, AEP-5345

2.5.1 Processor/Controller
A.R. Jones

A visit was paid to the manufacturer (Sonotek Limited)
to inspect the processor/controller before recommending
acceptance by AECL, Since it was not capable of performing
without intermittent faults acceptance was not recommended.
After these faults were eliminated, the processor/controller
was brought to CRNL for demonstration. Since that time it
has been used for processing the data from the noble gas
detector and controlling its moving parts (valves and test
source). A fault in the software for this control function
was detected and has been corrected by the manufacturer.

Further tests with the noble gas detector are
progressing.

2.5.2 Filter Change System
R.G.C. McElroy, R.M. Holford, B.A. MacDonald, L.W. Shankland
and R.A. Surette

The particulate and iodine monitors require the periodic
changing of filters, plus detector checking using standard
sources. Manual filter changing is not viable because of
the high operating costs and because access to the monitor
building cannot always be assured.

Two automatic filter change systems were investigated.
These were, five separate filter changers based upon moving
shuttles and a single robot serving all five detectors.

Estimates were obtained from a preliminary set of
drawings for the manufacture of a design based upon shuttles.
However, the robot option appeared to offer many advantages,
the major of which was that a given robot would be a tried
and tested product but it was also clear that this particular
application involved aspects not usually encountered in
applications of robots. For example, we require automatic
start-up after a power interruption no matter what the state
of the system was at the time of the power interruption.

Expert evaluation of the robot approach to the problem
was obtained from an outside consultant.

According to the consultant's report a very
sophisticated and expensive robot would be needed to meet
this particular application. In view, we have decided not
to proceed with this option.
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No major control or design problems with the shuttle
option have been identified and detailed design is proceeding.

2.5.3 Noble Gas Detector
A.R. Jones, A. Ohno and W. Richter

A microprocessor-based controller for the test source,
which is mounted on a rotating disc, has been designed and
tested. On command from tho processor/controller it moves
the source into one of three positions - (a) shielded,
(b) pointing at the large (low range) sample chamber and
(c) pointing at the small (high range) sample chamber.

The shielding has been designed.

2.5.4 Particulate Detectors
R.M. Holford and L.W. Shankland

The new pre-amplifier/pre-scaler for these units has
been assembled but not yet tested. Two low-frequency boards,
to be mounted extend to the photomultiplier assembly, have
also been designed and are being assembled. One board holds
the current limiting circuitry which protects the photo-
multiplier tube and provides an 'overload' signal to the
controller. The other board will hold the resistance
voltage-divider network for the photomultiplier tube.
To allow for operation at high counting rates this divider
operates at a relatively high current. Resistors will be
mounted externally to reduce heat dissipation in the
vicinity of the photomultiplier and hence reduce noise
and drift.

2.5.5 Iodine Detectors
R.M. Holford and L.W. Shankland

A revised printed circuit board for the signal-processing
required by the iodine detectors was assembled and tested.
While it performed as expected, it was found to be difficult
to set up because of interactions between the adjustments.
The board has therefore been re-designed to allow for
initial set-up on the stabilization channel followed by
'time tuning' based on the 133Ba peak. The existing board
was modified to reflect this change and to allow for
testing with the Sonotek controller.

The stabilizer algorithm has been briefly cesttd on ;l.r
Sonotek controller, and more extensively tested usiiig an
equivalent program running on the COSMAC Development System.
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The algorithm was found to maintain stabilization very well,
but had a minor defect in that it is very slow in recovering
aCter an interruption to the stabilization signal due to,
for instance, a need to service the equipment.

A partial solution to this problem would be to request
modification of the software to allow for reset of an
individual stabilization channel. Even with this modification
the re-cstablishment of the proper operating voltage for the
detector would take an hour or two, since, in the current
algorithm, one 50-second stabilization count and subsequent
output voltage correction is carried out in every 10 minute
cycle, A better solution is to shorten the counting periods
during the initial part of the stabilization process. This
method, which has been successfully tested on the COSMAC
system, achieves approximate stabilization of the detector
voltage in a single one-minute period of activity. It is
not yet known, however, whether it will be practicable to
incorporate this method into the Sonotek software.

2.6 PERSONNEL DOSIMETRY

2.6.1 Relationship Between Dosimeter Reading and Doses in a
Phantom Exposed under Field Conditions
A.R, Jones and A. Ohno

An Alderson phantom equipped with dosimeters, both
internal and on its surface was exposed to y-rays in NRX
(lower header room) and in the 99Mo production facility.
In the first case, the radiation was mainly from behind.

From the data obtained the following conclusions can
be drawn.

1. Using present dose limitation recommendations (i.e., to
gonads or bone marrow, whichever is the highest), the
present practice of wearing a dosimeter at the front
waist, or the back if the source is known to be behind,
gives an accurate or conservative estimate unless the
wearer is wrong in his estimation of the principal
source direction.

2. If the dose limits are applied to the effective dose
equivalent the same is true. However, if 2 dosimeters
at the front and back are worn, and the average taken,
an accurate estimate is obtained without knowing the
source direction. This is not true for the gonad or
bone marrow doses.
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2.6.2 Intel-comparison of Pencil Chambers and TLD Readings
A.R. Jones and A. Ohno

Forty-nine workers in the lower header room (NRX)
were equipped with TLDs at chest, waist (front and rear)
and thigh (rear), A pencil chamber was worn next to the
chest TLD. The purpose of this arrangement was to examine
the relationship between pencil chamber readings and TLDs
worn at the same place, A secondary purpose was to study
the relationship between dosimeters worn at different
places on the body.

In 48 cases out of 49 the disagreement between TLDs
and pencil chambers was within the uncertainties of
measurement. However, regression analysis showed that the
TLD Readingrpencil chamber reading was 7.6±0.6 mSv/R.
Also the chest reading was 84±6% of the waist reading.
In fact the readings were generally higher lower down the
body. Also the readings at the front of the waist
averaged twice that at the rear of the waist.

For these reasons, the recommended position (waist front)
should be used for wearing both control and recording
personnel dosimeters in this working situation.

2.6.3 Measurements of Output of a Standard Radium Source
A.R. Jones and A. Ohno

To calibrate an ion-chamber survey meter, the output
of a radium source was measured. The source has a nominal
activity of 1 Ci (3.7 x 1010 Bq) and mounted in shielding
from which it can be pneumatically raised. With a collimator
in place, the beam showed a departure of less than 1% from
the inverse square law over the distance 0.5 to 5 m and
the average output is 2% greater than would be expected from
a 1 Ci source. This discrepancy is less than the uncertainty
of measurement made with an ion chamber calibrated at NRC.

The exposure rate from a nominal 1 Ci (3.7 x 1010 Bq)
sealed Ra source was measured over distances extending from
0.5 to 5 m in order to carry out calibrations of a low range
ion-chamber survey meter. With a collimator in place the
beam showed a departure of less than 1% from the inverse
square law over the distance tested. The average output
was 2% greater than that expected from an actual 1 Ci
source - a discrepancy less than the uncertainty of the
measurement made with an ion chamber calibrated at the NRCC
Calibration Laboratory.
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2.7 RADIATION INSTRUMENT DEVELOPMENTS

2.7.1 Evaluation of the Energy Dependence of a GM Counter
A.R. Jones and W. Rlchter

Since the GM counter used In the area monitor AEP-5282
is no longer obtainable an alternative which is supplied
with its own filter to correct for energy dependence.
The specified energy dependence is less than ±15% from
0.06 to 3 MeV but our tests revealed an over-response of
65% at 70 keV. A sample of another type of GM counter
has been ordered.

2.7.2 Beta Dose Rate Meter AEP-5337
A.R. Jones and A. Ohno

Two dose rate meters are under development which resemble
the high range version, AEP-5337. They share the same
detector and meter case but use an amplifier which, being
more stable against drift, permits the measurement of lower
dose rates as shown in the table.

Lowest Detectable Maximum Reading
" Reading rad/h

AEP-5337 1 20,000
AEP-5337A 0.1 2,000
AEP-5337B 0.01 200

The medium and low range units differ only in the
feedback resistors. An engineering prototype of the lower
range units is under construction. The greater sensitivity
of these versions will permit energy dependence tests to
be carried out with the low output standard S-sources which
are available.

The medium and low range versions will be equipped with
a back lighted LCD display for viewing under poor lighting
conditions and to lessen the risk of error the cases of the
three versions of the instrument will have different colours.

2.7.3 Airborne g-Particulate Monitor, AEP-5331
A.R, Jones, W. Richter and A. Ohno

Following tests of the laboratory prototype by the
Radiation and Industrial Safety Branch, changes to the
software have been made. Mechanical design is progressing.
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2.7.4 Ion Chamber for llfC Measurement
R.A. Surette and R.G.C. McElroy

Assistance was provided to the Electronics Branch in
the measurement of C in a production process line at the
Radiochemical Company. An 80 cm3 ion chamber and ion
trap was built and tested and an approximate calibration
factor was derived from the estimated ionization current
from 1!|C. The chamber successfully performed the required
measurement.

2.8 MISCELLANEOUS MONITORING PROBLEMS

2.8.1 Noble Gas Monitor for NRX Dump Tank
R.A. Surette and R.G.C. McElroy

The application of the Gaseous Effluent Monitor, AEP-5293
to the monitoring of the air space in the NRX cooling water
holding tank was evaluated for the Reactor Loops Branch.
Because of the varying composition of the radioactive noble
gases in this location it is not possible to develop a
calibration factor which has any meaning. Furthermore,
high humidity levels in the location of interest could
present serious operating difficulties for the ion chamber.
For these reasons, we recommended that the instrument not
be used for this application,

2.8.2 NPD Stack Monitor
R.G.C. McElroy and R.A. Surette

A request from NPD was received to evaluate a Radeco
stack monitor, purchased in 1977 but never successfully
commissioned. The monitor was originally intended to
measure the concentration of any radioactive iodine,
particulates or noble gases in the ventilation air exhausted
via the stack.

After considering various repair options, we concluded
that the best course of action would be to replace the
entire unit.
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2.9 RADIATION DOSE MONITORING

2.9.1 Radiation Dose Recording
R.M. Holford

Computer problems at WNRE which have prevented direct
transmission of their data to CRNL for much of the period
of this report. Instoad, magnetic tapes have been sent
by mail, which has resulted in some minor delays in data
processing.

The Radiochemical Company now has some employees
receiving regular TLD issues who will be identified by
5-digit employee numbers rather than by the usual 4-digit
badge number. Therefore the radiation data processing
programs, and the calibration file for the TLD plaques,
have been modified. Plaque identifiers can now consist
of either 5 or 6 characters, of which the last three must
be numeric.

The data-processing programs have also been modified to
allow for re-reading of the zero-dose reference plaques, a
procedure that will probably be introduced later this year
as part of our standard routine to allow for separate
estimation of the contributions to the background reading
due to ionizing radiation and that due to instrumental
offsets.

While implementing the above changes to the data processing
codes, the opportunity was taken to convert the language
from FORTRAN-4 to FORTRAN-5. The change-over to COBOL-5
versions of the data-base updating and report-writing programs
has also been completed successfully.

Exposure data for 1982 have been sent to the National
Dose Registry of Health & Welfare Canada. In addition,
a copy of the magnetic tape prepared by WNRE for the AECL
epidemiological study has been obtained and read successfully
at CRNL. This file, which includes permanent employees up
to December 1980, will be used to prepare complete
identification data for the National Dose Registry, for
these employees whose dose data for 1981 and 1982 have already
been submitted to the Registry.
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2.9.2 Body Radiation Doses
R.M. Rondeau, J.M. Vincent and T, Romaniszyn

Since the last report (PR-HS-14) there have been four
whole-body radiation doses exceeding the 600-mrem two-
weekly administrative control limit, one skin dose exceeding
the 1600-mrem two-weekly administrative control limit and
no extremity dose exceeding the 4-rem two-weekly
administrative control limit.

In the fourteen-week period ending 1983 July 1 and in
the calendar year to this date there were the following
distributions of radiation 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

Average dose
per monitored
person

Average dose
per exposed
person

CRNL - Whole-Body

Fourteen Weeks

No. of
monitored
persons

395
2578

86
5
3
0
0
0
0

70 i

80 I

Total
Dose
(rem)

0
143.52
59.08
5.71
5.45
0
0
0
0

nrem

nretn

Dose

Calendar

No. of
monitored
persons

368
2471
143
60
18
5
2
0
0

134

153

Year

Total
Dose
(rem)

0
185.78
106.12
72.67
31.44
10.71
5.18
0
0

mrem

mrem
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Dose Range
rem

r "
no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49

I

Average dose
per monitored
person

Average dose
per exposed
person

Radiochemical Company -

Fourteen

No. of
monitored
persons

212
253
1
0

33

60

Weeks

Total
Dose
(rem)

0
14.67
0.53
0

mrem

mrem

Whole-Body Dose

Calendar Year

No. of
monitored
persons

153
303
10
0

Total
Dose
(rem)

0
23.49
6.21
0

64 mrem

95 mrem

Dose Range
rem

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

Average dose
per monitored
person

Average dose
per exposed
person

CRNL

Fourteen

No. of
monitored
persons

395
2565
94
8
4
1
0
0
0

74

85

- Skin Dose

Weeks

Total
Dose
(rem)

0
141.96
64.98
9.50
7.31
2.38
0
0
0

mrem

mrem

Calendar Year

No. of
monitored
persons

368
2453
153
60
19
10
0
4
0

Total
Dose
(rem)

0
183.39
112.27
72.32
32.89
21.61
0
12.47
0

142 mrem

161 mrem



- 30 -

Radiochemical Company - Skin Dose

Dose Range
rem

iI
1
no radiation
0 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen

No. of
monitored
persons

212
245
8
1
0
0

tfeeks

Total
Dose
(rem)

0
16.
5.
1.
0
0

50 mrem

91 tnrem

38
73
01

Calendar

Mo. of
monitored
persons

153
291
16
5
1
0

94

140

Year

Total
Dose
(rem)

0
25.56
10.92
5.76
1.63
0

mrem

mrem

2.9.3 Hand Radiation Doses
J.M. Vincent, R.M. Rondeau and T. Romaniszyn

In the fourteen-week period ending 1983 July 1 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 0.99
1.00 - 1.99
2.00 - 2.99
3.00 - 3.99
4.00 - 4.99

Fourteen
Weeks

44
0
1
1
0

CRNL
Calendar

Year

73
5 .
1
1
0

Radiochemical
Fourteen
Weeks

26
2
0
0
0

Company
Calendar
Year

35
3
2
0
0
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3 . ENVIRONMENTAL RESEARCH BRANCH

by

R.V. Osborne

3.1 STAFF

3.2 INTRODUCTION

3.3 ENVIRONMENTAL PROCESSES AND TECHNIQUES

3.3.1 ENVIRONMENTAL FLUID DYNAMICS

- Studies on Heated Plumes
- Snowmelt and Chemistry of Snowmelt Infiltration
- Lake Energy and Water Budget Studies
- Streamflow Generation Studies
- Dispersivity in Sub-Surface Flow
- Radiotracer Studies of Flow Through Rock Fractures

3.3.2 ENVIRONMENTAL CHEMISTRY, GEOCHEMISTRY AND BIOCHEMISTRY
- Speciation of Radlonuclides in the Chemical Pit Plume
- Nuclide Concentrations in Freshwaters
- Modelling of 3H and 90Sr Behaviour in Short "Field

Columns"
- Particulate or Colloidal Transport of Radiocolloids
- Downhole Column Test with Long-Lived Radionuclides
- Controls on Radionuclide Sorption

3.3.3 BIOLOGY
- Microbiology of Groundwaters
- Blodeposition of Labelled Particulates by Filter-Feeders
- Bioaccumulation of Trace Metals in Lake Waters
- Thermal Aquaculture-Freshwater Clam Elliptia complanatus
- Radionuclide Cycling by Plants

3.4 ASSESSMENT CRITERIA, TECHNIQUES AND IMPLEMENTATION

3.4.1 ASSESSMENT CRITERIA
- Radiological Considerations in the Management of Uranium Mill

Tailings

3.4.2 ASSESSMENT TECHNIQUES
- Analytical Model for Shallow Groundwater Flow
- Dispersion of Accidental Releases of Radionuclides to the

Atmosphere from CRNL
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- Thermal Imagery for Detecting Groundwater Discharge
- Lakebed Thermometry for Detecting Groundwater Discharge
- Hydrological, Chemical and Isotopic Techniques for Studying

Bedrock Discharge
- Uranium Series Disequilibrium in Groundwater Systems
- Bomb Tritium Dating of Flow in the Gloucester Landfill Site.

3.4.3 RADIOLOGICAL SITE DESCRIPTION AND DOSE ESTIMATION
- Perch Lake Swamp Studies
- Nitrate Plant Plume
- Tritium and Carbon-14 in Vegetation at CRNL Management Areas

B and C

3.5 ANALYSIS AND MONITORING

3.5.1 INSTRUMENTS AND METHODS
- Standardization of Analytical Methods
- Ion Chromatography
- Clean Room Facility
- Speciation of Trace Metals
- Instrumentation for Industrial Flow Measurements Using

RadLotracers

3.5.2 RADIOLOGICAL MONITORING
- Gamma Exposure Rates near CRNL
- Gamma Exposure Rates at CRNL
- Radionuclides in Precipitation and the Ottawa River
- Radionuclides in Surface Water
- Radionuclides in Liquid Effluents
- 4lAr in the CRNL Stack Effluent

3.5.3 MONITORING PROGRAMS AND SERVICES
- Environmental Research Branch Emergency Procedures
- CRNL Climatological Report
- Meteorological Support of the Hybrid Heating Experiment
- Contamination and Leakage Investigations

3.5.4 COMMERCIAL CONTRACT WORK
- Industrial Flow Measurements
- Low Level Tritium Analyses
- CFFTP Proposals Submitted

3.6 PAPERS AND VERBAL PRESENTATIONS

3.6.1 PRESENTED PAPERS

3.6.2 LECTURES AND TALKS

3.6.3 PUBLICATIONS
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3.2 INTRODUCTION - R.V. Osborne

In this report the work of the Branch is presented in three main
sections: Environmental Processes and Techniques, Assessment Criteria,
Techniques and Implementation, and Analysis and Monitoring. These have
been relabelled since the last progress report to conform to the Program
Plan.

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

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

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

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

- determining the distribution in the environment of radio-
nuclides; 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. In subsequent parts, the results
of the Branch's measurements of current releases of radioactivity from
CRNL to the environment are reported, the activities of the Branch in
other monitoring programs and commercial work are noted.

The location of the various research facilities and areas
mentioned and the monitoring points are shown on Figure 3.2.



- 38 -

3.3 ENVIRONMENTAL PROCESSES AND TECHNIQUES

3.3.1 ENVIRONMENTAL FLUID DYNAMICS

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

The period was spent setting up the experimental facilities.
A total of 400 thermocouples have been made and mounted to form a
3-dimensional grid to detect and characterize the plume. By the
end of the period these were being wired into the data logger.
This operation should be complete by the end of the first week in
July. The propane distribution system for the burners was
installed at the end of June. One valve remains to be delivered
from the supplier. It Is expected in early July and after it has
been installed the first tests of the equipment and the burner
system calibration will be made in mid-July.

The small-scale modelling work, being carried out under
contract by Envirodyne Ltd., has been started. The water flume is
being commissioned and problems concerning the flow pattern are
being resolved. Some earlier water flume data have been analyzed
and are found to agree generally with the predictions of a simple
model.

Snowmelt and Chemistry of Snowmelt Infiltration - P.J. Barry and
P.C. Jay

The melting of the winter snow pack and subsequent
infiltration of the melt-water is the single most important event
in the local hydrologic calendar. Understanding the controls of
these primary processes is needed to predict the responses of a
drainage system. Such predictions have several applications from
flood forecasting to forecasting the fluxes of contaminants from
the basin.

In these studies the snowmelt and infiltration processes are
being investigated as well as the input fluxes of atmosphere-
derived tracers, particularly sulphate, nitrate and the common
cations. These studies have been carried out in the spring In
cooperation with Prof. A.T. Price, University of Toronto. Samples
of snow were collected daily and divided Into sections. Samples of
the melt-water were collected at two hourly intervals from two
collection plots, each of 5 m x 5 m in.size. One plot was lined
with plastic sheeting and collected all the melt-water. The other
was unlined and collected only the surface run-off water, i.e., the
water that did not infiltrate the soil. Soil cores were collected
weekly and cut up into 6 cm sections. Alternate sections were
centrifuged and the pore water collected for subsequent analysis.
The other sections were dried to constant weight to determine the
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total water content. A multilevel sampler, Installed the previous
fall, was used to collect water from saturated soil layers from
150 cm to 450 cm at 15 cm intervals. These were sampled regularly
though freezing of the sampling lines caused some interruption.
Stem flow samples were collected from 20 trees during rain in the
snowmelt period and thro;igh-fall samples collected in four
locations in the forest. Precipitation was also collected in the
open on an event basis. Over 700 samples were analyzed for
deuterium (Wayne Workman), common anions (Paul Jay) and Ca, Mg, Na,
K, Fe and Mn (students from University of Toronto).

Analyses have been completed but considerable work is now
needed to assemble and interpret the vast amount of data
collected.

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

Routine measurements were continued throughout the period.
Two new weirs installed last year, one on the Main Stream, the
other on East Swamp stream where these streams enter Perch Lake
Swamp, have yielded the first flow information, though the period
so far covered is too short (less than one year) to analyze and
interpret the data. The two streams have been sampled regularly
since the gauging weirs were installed and samples analyzed for
tritium and common anions.

The raft on Perch Lake from which meteorological and water
temperature measurements are made was replaced this spring when the
one which had been in use for several years began to break up. The
instrumentation on the raft was completely refurbished during the
changeover. Two smaller rafts have been installed midway between
the centre raft and each shore along the line of the most frequent
winds. These have been instrumented to measure air and water
temperature profiles. However, by the end of the period, this
installation was incomplete and no measurements have been made.

A cooperative study at Perch Lake has been started with Prof.
E. LeDrew of the University of Waterloo which has the objective of
relating the measured components of the energy budget of the lake
to the large scale weather patterns of the area. Such a relation
if it can be isolated would be most useful for predicting the
energy and water budgets of uninstrumented lakes from the routine
observations and records of regional meteorological stations
operated by Environment Canada.

Two students from the University of Waterloo will spend the
summer on this study. By the end of the period, installation of
their equipment was nearly complete.
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Two net radiometers and temperature sensors are being
installed in the vegetated zones on opposite shores to determine
the effects of vegetation on the energy budget. At Perch Lake 30%
of the surface is covered by emergent plants at the height of
summer and this is a common feature of many shallow lakes on the
Canadian Shield. The effects of this vegetation cover may be quite
important for refining our models of the energy budgets of lakes.

Tritium analyses of daily water samples from Perch Lake
Outlet, Perch Creek Weir, Army Road Culvert and Main Stream, T-16
Stream, East Swamp Stream and Nos. 1 and 2 inlets were continued.
Anion analyses of surface, groundwater and precipitation samples
from Perch Lake, Maskinonge Lake and Upper and Lower Bass Lakes
were continued.

Streamflow Generation Studies - R.W.D. Killey, R.J. Cornett,
R.M. Brown, and W. Workman

It has long been realized that streamflow is composed of
groundwater discharge and run-off resulting from precipitation or
snowmelt events. Baseflow, the flow in a stream during long dry
periods, has been accepted as representing groundwater discharge.
Until recently, it was assumed that most of the augmented flow in
periods of high rainfall or snowmelt was surface run-off and that
groundwater discharge remained almost constant. In situations
where one wishes to define the effects of either contaminated
groundwater or of contaminated precipitation on surface water
quality, it is important to have a measure of the contributions of
the two water sources.

Within the last 10 years a limited number of studies have used
ify) or 2H to characterize the sources of water in streamflow
peaks. Both stable isotopes vary significantly in abundance in
water from one storm event to another, but exhibit an almost
constant annual average, which is reflected by their abundance in
area groundwater. Thus, if one selects a rainfall or snowmelt
event with an isotopic composition significantly different from the
annual average the relative contributions of run-off and ground-
water can be estimated from the ^H content of the streamwater
during the stormflow period.

Results of these studies have shown that stormflow peaks in
quite a wide variety of headwater streams consist of 40 to 90%
groundwater. We have been funding studies by members of the
Department of Earth Sciences, University of Waterloo, for research
into phenomena that could cause the very large and rapid changes in
groundwater discharge rate that must occur during storm or snowmelt
events. The current contract will provide a documented mathe-
matical model of the effects of the capillary fringe phenomenon,
which has been observed in the field and created in a physical
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laboratory model. The existing streamflow information, however, is
taken from widely scattered short-term studies and is not suitable
for assessing the relative importance of soils and basin morphology
versus antecedent moisture conditions. We therefore decided to
undertake long-term studies of the five streams draining into Perch
Lake, using ^H as the isotopic tracer. The streams lie in basins
that range from predominantly exposed bedrock to predominantly
wetlands over thick sequences of unconsolldated materials.

During March and early April, integrated daily stream samples
were collected from all five inlet streams and from three upstream
locations. Snowcores, snowmelt, and precipitation samples were
also collected. The streams are all gauged by the Water Survey of
Canada. Deuterium analyses of most of the samples are now complete
and we have received part of the streamflow data. Complete
analysis awaits the remaining streamflow data, but a qualitative
Inspection of the results shows that basins without large wetland
areas have groundwater providing over 70% of the streamflow during
snowmelt. The two basins with extensive swamps exhibit large
groundwater components in streamflow at the beginning of the melt
period, but then feature increasing amounts of direct run-off in
the streams. This response is tentatively attributed to an Initial
increase In groundwater hydraulic gradients and discharge as
snowmelt infiltrates into the subsurface. Once the water table has
risen to ground surface in the swamps, however, no further Increase
in groundwater discharge is possible, and snowmelt runs off
directly to the stream over the totally saturated soil. In basins
with small percentages of wetlands, this process results in only
minor direct run-off to the stream, and groundwater discharge
dominates during the entire snowmelt period.

During the summer period, we will complete analysis of the
snowmelt data and undertake sampling of two streams during storm
events, seeking in particular events with different antecedent
moisture conditions. Design of a novel continuous stream sampler
Is under discussion.

Dispersivity in Subsurface Flow - R.W.D. Killey and G.L. Moltyaner

The prime concern in the applicability of the advective-
dispersive equation for simulating a radionuclide behaviour is the
scale dependence of dispersivity. Recent literature suggests that
dispersivity increases as a function of the travel distance of the
radionuclide. To check the validity of this suggestion and to gain
more understanding over the dispersion processes detailed field
studies are underway at CRNL (see Section 3 of the last progress
report, PR-HS-14).
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The final report on geology and hydrogeology of the tracer
test site has been completed with the exception of one set of
figures and some tabulated data in the appendices.

(i) Modelling of the 20 m 1 3 1I Tracer Plume -
G.L. Moltyaner

Modelling of last year's 1^1I tracer dispersion is
complete. The conclusions that can be drawn from this experiment
are the following:

- Although detailed conventional hydrogeologic testing of the
tracer site could not define any spatial continuity in
observed variations of hydraulic conductivity, results of
the tracer test provide direct evidence that strata 20 to
40 cm thick have uniform hydraulic properties over
distances of more than 20 m. Identification of individual
layers was only possible after the completion of the tracer
test.

- A constant, scale-independent, dispersivity can he found as
representative within an individual layer.

- There is no significant difference between column-scale and
field-scale values. The longitudinal dispersivities range
from 0.2 to 1.2 cm for field column experiments and from
0.2 to 0.9 cm for the tracer test.

- From the good agreement between the dispersivities of the
individual layers and field column dispersivities we
conclude that the scale of heterogeneity is less than the
length of a column (15 cm).

- Continuous profiles of radioactivity versus depth showed
the formation of two individual plumes. The classical
dispersion equation can be used for simulating radionuclide
transport within each plume.

- The results of calculations show that for a square wave
input the point of half concentration will be transported
with the average groundwater velocity at the first stage of
migration.

(ii) Preparations for a 50 m Tracer Test - R.W.D. Killey,
J.H. Munch, D.R. Champ and J.L. Young

Preparations for the 50 m non-reactive tracer test are
proceeding slightly behind schedule. The primary objectives for
the test (to be performed at the same location as the 20 m test)
are:
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(1) to define vertical as well as longitudinal dispersivity,
which will allow accurate calculation of horizontal
transverse dispersivity,

(2) to define the dimensions of the strata that feature uniform
hydraulic properties,

(3) to study tracer migration behaviour at points where the
uniform strata pinch out, which will help to predict
large-scale migration behaviour.

Installation of the additional monitoring equipment is
currently under way and selected boreholes are being sampled
and tested to evaluate the curves of radar reflectors that
previously could not be correlated with borehole stratigraphic
features. With the arrival of an electronics technologist
within our branch, we have begun the design and construction
of a cable puller suitable for accurate gamma scanning of dry
access tubes. A multichannel analyzer for recording the
distributions of activity versus depth has been ordered.

Cores of site materials and large-volume samples of
groundwater have been collected for studies of potential
non-reactive tracers. Ruthenium-103, with a 39-day half-life, was
selected as a good potential non-reactive tracer for subsurface
flow studies on the basis of previous observations of the mobility
of ruthenium in aquifers at Chalk River. Undisturbed cores were
recovered from the tracer test site, sectioned into 15 cm columns,
and then equilibrated in the laboratory at 4°C with groundwater
from the tracer test site. The columns were loaded with a tracer
solution containing HTO and 1 Q 3 R U (in the chloride form) in
groundwater. Effluent fractions were collected and analyzed for
H and ^Ru activity. Parallel fractions were filtered
through 0.4 and 0.05 m Nucleopore filters or through Accupore
anion or cation exchange filters.

Ruthenium behaved largely as a reactive tracer under the
experimental conditions. The results indicated the presence of
several Ru species; two eluted as "non-reactive" Ru (10 to 20% of
the loaded Ru) in two distinct peaks under the noimal elution
profile for % , a third has been released at a very slow rate
continuously over the past two months. We conclude that less than
20% of the tracer Ru behaves as a non-reactive tracer.

Filtration analyses of the loaded and eluted *03JUI has
shown that a large proportion of the 1 0 3 R U c a n t,e remOved from
solution by filtration. We conclude that Ru in the groundwater
from the tracer test site can associate with particulate or
colloidal material which is very reactive with the soils from the
site.
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The overall results rule out the use of O-̂ Ru in the
chloride form as a suitable tracer for flow studies at the tracer
test site. The results did indicate that it may be possible to
convert the Ru to a form which is not reactive. This is currently
being investigated.

Radiotracer Studies of Flow through Rock Fractures - E.L. Cooper
and D.E. Clegg

A study of fracture flow in bedrock of the Bass Lake area of
the CRNL site using radioactive tracers is to be carried out in
July by personnel from the National Hydrology Research Institute
(NHRI) and Atomic Energy Research Establishment (AERE) - Harwell
with our assistance. Preliminary plans for the experiment were
made with G.V. Evans (AERE) and K.S. Novakowski (NHRI) in May.
The experiment will be similar to the dual tracer injection
experiment carried out in the same area in 1982 except that
82Br and 85Sr will be used in 1983.

In May 1983 several injection tests were carried out in
another set of fractures under a nearby site. Bromine-82 was used
in these tests as a tracer for groundwater which was circulated
between two boreholes and through the fracture. Unfortunately, the
tracer, after being injected into the fracture, was never detected
in the withdrawal borehole. The test was repeated several times
with improved monitoring procedures and increasing amounts of
tracer. In the final test we were unable to detect ^Br even
with low background gamma ray spectrometers. Indications are that
the tracer was dispersed into the fracture system in the rock
formation and the injected water never arrived at the withdrawal
borehole.

3.3.2 ENVIRONMENTAL CHEMISTRY, GEOCHEMISTRY AND BIOCHEMISTRY

Speciation of Radionuclides in the Chemical Pit Plume - E.L. Cooper
and D.E. Clegg

During the first quarter of 1983 the previous studies of
""Co speciation were extended by using anion exchange
chromatography. With this technique the anionic 60 C o species
in about 3 L of groundwater are concentrated on a column containing
an anion exchanger. The various species are then separated by
elution with reagents of varying concentrations. The effluent from
the column is monitored with an In-line flow cell containing a high
resolution gamma ray detector, and fractions are collected for
later analysis. The resolution of the technique has been improved
by varying the geometry of the column and the elution conditions.
We have been able to separate at least seven different anionic
species of °^co frOm groundwater taken from the
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Chemical Pit Plume. Only one of these species exchanges
appreciably with tracer 5?Co added initially as Co +.

In its present form this technique takes about 16 hours for
sample concentration and eight hours for elution. We are obtaining
the equipment needed to automate the procedure to decrease the
amount of manpower required and increase the number of samples
which can be analyzed.

Since this technique has given good results for °0^o

speciation, we hope to be able to apply it to other elements and
radionuclides, in particular actinide isotopes present in the
Chemical Pit Plume.

Nuclide Concentrations in Freshwaters - R.J. Cornett and L. Chant

We have completed measurements of l^Cs concentrations in
cores of lake sediment collected from eight small shield lakes near
CRNL. In all lakes, the integrated mass of *37Cs in the
sediments is much less than the total amount of atmospheric fallout
measured in deposition collectors at the Deep River station during
the period 1955 to 1982. The quantity of 13'Cs per unit area
measured in the sediments of these softwater lakes is also less
than the burden measured in the Laurentian Great Lakes.

These results were not consistent with our expectation.
A priori, we predicted that the rate of " 7 ^ sedimentation
would be inversely proportional to the ionic strength of the lake
water. To rigorously test this hypothesis, the instantaneous rate
constant for ^^^Cs net sedimentation was calculated using the
activity of -"Cs measured in the sediments of each lake, the
measured atmospheric fallout of •*-37(-.S) the lake volume, and
the annual discharge of water through the lakes' outflows. The
rate constant for sedimentation was adjusted iteratively until the
calculated and measured activities of ™7g s w e r e j n agreement.
The rates of sedimentation calculated for the shield lakes are
lower than values reported for the Great Lakes. Since these
results are not consistent with-our hypothesis, we will examine the
composition of the lake sediments to determine if the abundance of
clay-sized particles can explain the observed variation in
sedimentation rates.

The calculations outlined above assume that •'•''Cs is not
remobilized from the lake sediments after it is sedimented.
However, little is known about the fate of elements once they are
sedimented. We have developed a method for testing the hypothesis
that significant quantities of *37Cs are released from the
sediments and for calculating the rate of release. Our method uses
measurements of -^Cs activity in the water column and
sediments of our lakes to derive two independent estimates of the
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instantaneous rate constant for 137 C s sedimentation. In the
calculations we assume that •*-̂ 'Cs is not released from the
lake sediments into the water column of the lake. If this
assumption is correct, the two estimates of the rate constant will
be in agreement. If the assumption is erroneous and 137cs is

released from the sediments, then the concentration of *-"cs
in the water column will be higher than that predicted from an
analysis of the ^^Cs activity in the sediments. Also the
rate of ^3'Cs sedimentation calculated using the
concentrations of -̂ 'Cs measured in the water column will be
lower than the rate calculated using the activity measured in the
sediments. Our results for Perch Lake and for Lake Erie are
consistent with a significant amount of ^37^s being released
from the sediments into the water column. However, the results we
observed could also be explained by the fact that our calculations
assume an insignificant amount of 3'Cs ±s eroded from the
drainage basin and is washed into the lake. Although this
assumption is consistent with the published literature we are
presently testing it more rigorously.

The validity of the fractional release rates calculated above
will also be tested by examining the historic record of nuclide
sedimentation. The chronology of the sediments can be determined
using -1-Opb concentration profiles. We have resolved the
analytical problems previously reported. A series of experiments
demonstrated that the 210po j n th e sediments of our lakes is
not volatilized until the temperature is much higher than that
reported by other investigators. The time required to plate the
210po on silver is also much longer than that reported by
other analysts. Using these modifications, we have completed
2lOpb analyses of 10 sediment cores from Perch Lake. Results
to date are not consistent with the generally held assumption that
the isotopes in the 2^Ra through ^Po decay series are immobile in
lake sediments. Until this question is resolved, nthe rate of
sedimentation cannot be calculated accurately from the ^lOpj,
concentration measurements. A series of analyses are planned to
resolve this problem.

Modelling of 3H and 85Sr Behaviour in Short "Field
Columns" - G.L. Moltyaner

Simulation of 3H and 85Sr behaviour in 15 cm "field
columns" prepared from cores of Chalk River sands has been
completed. The results have shown that an equilibrium
adsorption-desorption model using linear isotherms adequately
describes °5Sr transport during miscible fluid displacement.
A manuscript describing the experimental procedures and modelling
of results is in preparation. The results have demonstrated the
utility of "field column" techniques for studying radionuclide
movement in porous media. It is important to note that the



\

- 47 -

longitudinal dispersivity values (0.23 cm, 0.33 cm, 1.12 cm)
obtained from the experiment are almost identical to those obtained
from the 20 m ^1 tracer test described in "Dispersivity in
Sub-Surface Flow", Section 3.3.1.

Particulate or Colloidal Transport of Radionuclides - D.R. Champ
and J.L. Young

Samples of eluent and effluent water from our *34cs an<j
238,239pu (^IABI) spiked core columns were collected and
analyzed for total (TOC) and particulate (POC) organic carbon in
order to test our hypothesis that "particulates containing organics
are involved in the transport of Pu and Am whereas those involved
in Cs transport are inorganic".

Water samples were analyzed both before and after filtration
through Gelman GF filters, type AE, in an attempt to distinguish
the particulate organics from the dissolved organics (by difference
between filtered and unfiltered portions). The results have shown
that: 1) the POC constitutes less than 10% of the TOC
concentration (1.72±0.21 mg.L~l) in the eluent; 2) passage of
the eluent through an H2S generator elevates the TOC to
2.26±0.1 ing.IT1. Greater than 80% of the introduced organics
are dissolved and possibly arise from leaching of the silicone
tubing in the H2S generator solution; 3) alteration of the
elution water in the column can result in increases of up to 30%,
or decreases by up to 25%, in the organic carbon content of the
water. We speculate that this is due to microbiological mediated
depletion of organics or release of organics from sedimentary
organics; 4) in only two out of 10 samples, the H2S eluent and
one H2S column effluent, were the unfiltered and filtered organic
carbon values statistically different. From this observation we
conclude that if particulate organics are present and are involved
in the transport of Pu, Am or Cs we will not be able to correlate
them directly since they constitute too small a proportion of the
total organics; 5) comparison of activity release with the TOC of
column effluents has shown that the release of Pu and Am under
oxidizing conditions increases as the organic carbon content of the
effluent increases. The release declines under reducing
conditions. Both of these observations are based on comparisons of
only duplicate columns with different organic carbon concentrations
in their effluent.

Downhole Column Test with Long-Lived Radionuclides -
R.W.D. Killey, J.H. Munch, D.R. Champ and J.L. Young

In the last progress report we noted that one borehole drilled
in search of sands containing water discharged from bedrock looked
promising. Analysis of samples from this hole has shown the
presence of some recent waters (containing ^H), ruling it out as
a candidate for the downhole column testing. Interest has shifted
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to the possibility of performing such tests in the vicinity of one
of D.R. Lee's bedrock boreholes in the Maskinonge-Chalk Lake area.
Ground probing near CR20 has shown widespread bouldery till
overburden, preventing the installation of necessary equipment and
the collection of cores suitable for column construction. We are
currently awaiting results of chemical and isotopic analyses of
samples from overburden near CR22 to decide if that location merits
drilling.

Controls on Radionuclide Sorption - R.W.D. Killey and J.H. Munch

In the last quarter we reported a linear relationship between
surface area and "^Co concentration sorbed to various
fractions of a sample of sand from the Chemical Pit. We concluded
that, for at least that location , mineralogy was important for
defining effective grain surface area but that the actual chemical
composition of the mineral had no significant effect on sorption.
We have segregated and analysed sand samples from two "^Sr
plumes on CRNL property for sorbed activity. These samples have
been forwarded to the Chemical Engineering Branch for surface area
measurements. These measurements are not yet complete.

3.3.3 BIOLOGY

Microbiology of Groundwaters - D.R. Champ and P. Kmet

We have started to investigate bacterial activity in groundwater
from fractured rock. We are conducting studies aimed at: 1)
assessing the microflora of groundwater taken from a borehole,
CR20, at Maskinonge Lake; and 2) investigating the potential for
survival and growth of a surface bacterium under rock water
conditions.

Initial results have shown bacteria present in all packed off
intervals of CR20. The five intervals under study, ranging down to
60 m in depth, are all free-flowing under positive hydraulic heads.
Under the natural flow conditions bacterial populations of
400 to 7,000 per millilitre have been observed. Current studies
are investigating the question of anomalous populations due to
conditions in the tubing.

Strains of E.coli and Klebsiella, genetically marked for drug
resistance, have been chosen as representatives of bacteria
acclimatized to surface culture conditions. These strains and
bacterial isolates from the borehole water itself will be utilized
in downhole bacterial injection studies to investigate bacterial
movement in fractures. Tests have begun to study pressure effects
on their survival and growth.
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Biodeposition of Labelled Partlculates by Filter-Feeders -
J.W. McMahon and A.E. Docherty

Studies were continued on the role of freshwater molluscs on
removing particulate material from suspension and sedimenting it
as biodeposits (faecal waste). Laboratory studies have
concentrated mainly on determining a normal filtering rate for
clams under a variety of physical parameters - food concentration,
temperature, flow rate, light, experimental chamber, etc.
Unaccounted-for variability in filtering rates both within and
between similar experiments necessitated a complete reevaluation of
the experimental procedures. The "settling down time" or period of
acclimatization was found to be critical - the clams being slow to
respond once they were disturbed or handled. The accepted
procedure of waiting for one or two hours was not sufficient hence
a 20 hour minimum period of adjustment was decided upon. Several
experiments concerned with environmental variables have been
repeated.

Studies on bioaccumulation of -^Fe-labelled particles in
suspension show that a single clam (5.5 cm length), continuously
filtering water at 1,200 mL.h"1 at a temperature of 20 -f 1°C
can remove approximately 0.5 mg.h"~l dry weight of suspended
matter from the surrounding media. Laboratory studies indicate
that 95% of a clam's faeces remains intact on the bottom sediment
and is. at least temporarily removed from the water column. While
information on natural population densities of clams is required in
order to assess the impact molluscs might have on the subsequent
fate of radioactive particulates in a lake or river, a density of
one clam per m^ would sediment out approximately 2 g dry weight
of material per m per year. This value takes into account a
dormant period of approximately six months each year due to low
water temperatures.

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

We are studying the relationship between trace metals,
initially stable cobalt, and total organic carbon in selected
freshwater lakes. The complexing of metals by organic compounds is
believed to influence the bioaccumulation of particular elements by
aquatic organisms. This hypothesis will be tested (for stable
cobalt) by analysis of water and fish tissues from lakes having
different organic content levels. Field sampling of selected area
lakes, in cooperation with the Ontario Ministry of Natural
Resources, is currently underway.

We have continued development of the method for the analysis
of ultra-trace levels of cobalt started by I.L. Ophel and
J.M. Judd. The method was further modified by wet ashing 500 mL
samples before chelation and solvent extraction. Evaporation and
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redissolving in acid gives a 125-fold preconcentration of the water
samples. Ammonium pyrrolidine dithiocarbamate (APDC), freshly
prepared using the method of Malissa and Schoeffmann (Mikrochimica
Acta l_ 187 (1955)), was found to be an improvement in the
extraction procedure compared to use of commercially available
products. With Zeeman atomic-absorption spectrometry, levels as
low as 0.005 g/mL of the extract can be measured. This represents
levels of 0.04 g/L in surface waters.

Thermal Aquaculture - Freshwater Clam - Elliptio complanatus -
J.W. McMahon, A. Docherty

Studies were continued on the combined effect of supplementary
carbohydrate diets and elevated temperature (20 +1°) on the growth
rate and survival of the clams Elliptio complanatus. Growth rates
were not significantly improved over control animals receiving
natural lake plankton at the same temperature.

The slow growth rate of this organism and the high degree of
labor involved in collection and maintenance makes Jl. complanatus,
from an economic point of view, a questionable alternate source of
fresh food for culturing of higher organisms. This project is
currently under review.

Radionuclide Cycling by Plants - S-R. Gentner and J.W. McMahon

To date 3200 references have been compiled on radionuclide
cycling by plants. Six hundred references, published since 1975,
have been abstracted and one-third of these have been typed on file
cards.

An annotated bibliography is being prepared through a
computerized data base. Of two systems investigated - "Query
Update" and "Basis Data Management" - the latter, developed by
Battelle Columbus Laboratories, was adopted. The system was
modified, in cooperation with Mathematics and Computation Branch,
CRNL, to meet the requirements of this particular bibliography.

An on-line-input-verification-editing component (OLIVE) has
been employed to enter over 100 references to date into the data
base. Basis information includes:

1. Reference number.
2. Availability - (copy on file), "Tables" if stored on the

the card file
3. Document title.
4. Author.
5. Bibliographic information.
6. Subject - a broad term such as "fallout" or

"transuranics".
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7. Insertion date - useful once the information input is up
to date as papers entered during selected time periods
may be called up.

8. Comments - a brief summary of research and results; not
as comprehensive as notes in card file.

9. Keywords.
10. Radionuclides.

Searches may be carried out using reference number, author,
insertion date, subject, keyword and/or radionuclide. Literature
searching and pertinent reference entry into the data base are
continuing.

3.4 ASSESSMENT CRITERIA, TECHNIQUES AND IMPLEMENTATION

3.4.1 ASSESSMENT CRITERIA

Radiological Considerations in the Management of Uranium Mill
Tailings - R.V. Osborne

The expert group report on the long-term aspects of management
of wastes from uranium mining and milling was presented to the NEA
Committee on Radiation Protection and Public Health and was
approved in principle by that body. The report highlights the
judgements that are needed in applying the ICRP system of dose
limitation to waste management. The main impact of the report will
be in further considerations in the International community of the
role of the formal ICRP optimization procedure as a way of
achieving ALARA; uncertainties in assessments of radiological
impact are shown to be a major limitation to this procedure.

3.4.2 ASSESSMENT TECHNIQUES

Analytical Model for Shallow Groundwater Flow - G.L. Moltyaner

In assessing the effect of deep underground disposal on the
environment, mathematical models that describe the transport of
multi-membered radionuclide decay chains in one part of the
biosphere - shallow groundwater systems - must be constructed. To
meet this objective, an analytical model for simulating the
transport of radionuclides in groundwater flow systems for
time-dependent boundary conditions has been developed. The model
is based on the advective-dispersive equation which is modified to
account for various solid-solution reactions through a distribution
coefficient concept. The solution to the advective-dispersive
equation was obtained for the first and third type input boundary
conditions and given for decay chains with one, two, three, and
four members.

The document describing the model is being prepared; when this
is completed, the model will be available for use in the current
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biosphere assessment model in the Nuclear Fuel Waste Management
Program.

Dispersion of Accidental Releases of Radionuclides to the
Atmosphere at CRNL - E. Robertson and F.C. Brown

Instruments from both the 65 m meteorological tower at Perch
Lake and the top of Building 456 have provided uninterrupted wind
and temperature data during the past six months. The data are
compiled routinely for long term climatological records.

Bell Canada lines have been installed for transmission of data
between Perch Lake and Room 138, Building 513. Installation of
required signal adapters, etc., has been delayed pending receipt of
surge eliminators needed to prevent damage by lightning.

It is now possible to record output from the data logger at
Perch Lake on cassette tape. Results show that the standard
deviation of the wind direction measured every ten seconds gives a
measure of atmospheric stability that can be related to Pasquill
Classes.

Recorded data are also used as input for a model that
simulates plume development assuming that instantaneous puffs
released every ten seconds follow trajectories according to the ten
second fluctuations of wind speed and direction. Results indicate
that although plume widths agree with estimates based on standard
Gaussian plume equations using dispersion coefficients according to
Pasquill weather classifications, the concentration distribution
within the plume may not be Gaussian unless the weather class is
very stable. This means that during an emergency areas at the edge
of a predicted plume should not be assumed to have lower levels of
radioactivity than the centerline.

To facilitate more work on measurements made every ten
seconds, it is proposed to send these data directly to the main
computer via a microprocessor.

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

We have determined that thermal infra-red line scanning is a
useful tool for locating groundwater discharges to surface on the
shield. The limit of detection is approximately 0.25 m2 for 0°C
to 1°C water against background snow-covered ice at -15°C. Thermal
imagery from RA-2 and -4 are now being analyzed in preparation for
field work in the autumn. Our intention is to contract for
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additional thermal imagery at the URL and at Atikokah late in 1983.

Lakebed Thermometry for Detecting Groundwater Discharge - D.R. Lee
and S.J. Welch

It may be possible to locate underwater discharges of
groundwater by measuring temperatures across the sediment-water
interface and along lakebeds, particularly in areas associated with
sub-lakebed fractures or fault features. This possibility exists
because groundwater temperatures will differ from normal sediment
temperatures in "lakes; the density/temperature conditions of
sediments in shield lakes may be significantly affected by the
thermal effects of groundwater flow. Consequently thermal
anomalies may indicate points of groundwater discharge.

A sediment temperature drag, STD, for measuring thermal
gradients across lakebeds has been constructed and partially
tested. This device is designed for towing slowly along lakebeds
behind a boat. The STD contains temperature transducers. A
boat-mounted electronic system was designed to yield horizontal
temperature profiles and vertical thermal gradients. Underwater
observation using Scuba has shown that the STD maintains its
intended orientation as it is dragged along the lakebed.

Hydrological, Chemical and Isotopic Techniques for Studying Bedrock
Discharge - D.R. Lee, S.J. Welch, R. Forsyth, R.M. Brown and
W. Workman

All of the boreholes on Maskinonge/Chalk lakes have been
instrumented with packers and PVC standpipes in zones of high
permeability and distinctive water chemistry. Overall chemical
trends with depth are decreasing oxidation-reduction potential and
oxygen concentration and increasing electrical conductance and
sulphate and chloride concentration.

Overburden piezometers at CR2O and CR22 reflect a water
chemistry that is similar to the uppermost bedrock-sampling zones
at these locations. Most of the boreholes have tritium
concentrations that are far lower than the lake. However, one
interval' in CR16 and one in CR14 have concentrations of tritiated
water that may indicate lake-water contamination. We intend to -'
pump these two.intervals for an extended period of time in order to
determine whether the source is (1) lake water intruding via
natural hydraulic gradient toward the borehole interval (2)
residual lakewater used in drilling or (3) another source.

A system for determining natural-gradient water fluxes through
sealed intervals of bedrock boreholes has been constructed and
tested. The device is adapted from the classical;borehole dilution
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method. The interesting adaptation is a 70 mm diameter metal
cylinder that fills 85% of the 76 mm diameter borehole. This
reduces by a factor of 5 the time required to observe a change in
concentration of the injected tracer. Results in the lab suggest
that we will be able to measure water-fluxes of 0.1 to 17.
mL.min"! through borehole intervals which are 1.10 m long and
76 mm in diameter. Each test takes from 2 to 5 days. Preliminary
results at CR 19 in three separate 1.1 m long intervals show water
fluxes of about 0.1 mL.min"'-.

Uranium Series Disequilibrium in Groundwater Systems - G.M. Milton
and R.M. Brown

Further analysis of CR20 water samples following installation
of permanent packers have substantiated the premise of increasing
water ages at depth (PR-HS-14). Both 14C and U-Th
measurements provide ages of about 7000 years BP at the 57-61 m
level. 22°Ra v a i u e s proved to be equal to or in excess of
corresponding 234JJ values at all depths sampled, thus ruling
out the use of the ingrowth of this isotope as an age indicator in
these waters.

Analyses of fracture in-filling materials removed from the
CR20 core have indicated that uranium is enriched in the clay
minerals produced by weathering relative to the host rock, with
some U-234 depletion on grain surfaces. In the zone of calcite
saturation, uranium is found primarily in the outer calcite layers,
presumably incorporated during precipitation and recrystallization.

U/ 3°U activity ratios in these outer layers are lower
than that of co-existing waters, also suggestive of surface
depletion of U-234 as a result of the recoil process.

Because of discrepancies between measured activity ratios in
CR20 samples concentrated on two different types of cation
exchangers - Dowex 50X8 and Hyphan (a proprietary chelating
cellulose-based material) - we suspect the co-existence of
Xj+4 an<j u+6 in these groundwaters, with the U+6 having

a higher 234U/238U activity ratio. (Dowex 50 has a high
affinity for both oxidation states of uranium; Hyphan a much
stronger affinity for U+6 than for U + * ) . Work is
proceeding on improved techniques for separating and recovering the
two states in both water and related core samples.

A second suite of samples from the Environment Canada borehole
CR13 has been analyzed for uranium concentrations and activity
ratios. The agreement with results reported previously (PR-HS-11)
was generally good. However, marked fluctuations in uranium
concentration at Port 10 (17.8, 8.4, 21yg.L~1) may indicate
that over-extended pumping periods water is gradually drawn from
beyond the area of high uranium concentration. This high



- 55 -

concentration is presumed to result from the leaching of small
inclusions of uranium mineralization. This mineralization has been
identified in the host pegmatite by counting of selected core
chips, followed by examination with the scanning electron
microscope and energy dispersive x-ray spectrometer of the
System Materials Branch. Since none of the common elements of
atomic weight 20 could be detected in association with the
uranium, it is assumed that the mineralization occurs as the
oxide.

A survey of uranium content and isotopic ratios in all holes
drilled into bedrock on CRNL property is almost complete.

Bomb Tritium Dating of Flow in the Gloucester Landfill Site
R.M. Brown, W. Workman with R.E. Jackson (NHRI), F. Michel and
M. Kubaslewiez (Carleton University)

The National Hydrology Research Institute is conducting a
large hydrogeochemical study of the movement of organic
contaminants from a special waste disposal area in Gloucester
Township near Ottawa. Measurements of the distribution of residual
bomb tritium in waters of the area have been done to establish a
time scale for groundwater movement.

The disposal area lies on a 25-30 m thick Quarternary sequence
of sands, silts and gravels overlying limestone bedrock. A
stratified sand and gravel unit at 10 to 25 m depth is the main
aquifer containing the contaminant plume. Beneath and east of the
disposal area, this aquifer is overlain by a near-continuous layer
of silt and clay. Shallow groundwater and leachate enter the
aquifer west of the disposal area where the silt and clay aquitard
pinches out. Regional groundwater flow is horizontally eastwards.
Velocity estimates from hydraulic conductivity and gradient range
from 3 to 20 cm.d"1.

By comparing observed tritium concentrations in groundwater
with the past record of tritium in precipitation, broad zones of
aquifer corresponding to different recharge periods have been
defined. Attributing the highest concentrations along the flow
path to the 1963 peak in bomb tritium concentration, groundwater
velocity in the main flow direction is estimated as 4.4

Close in to the disposal site some tritium concentrations are
too high to be reconciled with the Ottawa tritium precipitation
record. It is thought that these result from relatively recent
disposal of tritiated waste in the site.
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3.4.3. RADIOLOGICAL SITE DESCRIPTION AND DOSE ESTIMATION

Perch Lake Swamp Studies - R.W.D. Killey, J.H. Munch and
P.J. Barry

Preparation of two reports, one a comprehensive summary and
analysis of recent studies of subsurface H and the second an
analysis of the overall tritium budget for the Reactor Pit wastes
is still under way. Work has been delayed by field work
commitments of the authors. The summary report on subsurface H
has been forwarded to R.G. Jarvis but his personnel are still
involved in the installation and testing of model codes.

The spring discharging ^H to Perch Creek has been isolated
from the stream. Continuous monitors have been installed to record
discharge rate and water levels in the stream and in the aquifer
supplying the spring. Waters are sampled daily for ^H analysis.

Concentrations will be correlated with discharge data and
precipitation events to elucidate aquifer characteristics and to
predict future discharges. The very limited data collected to date
show that discharge flux and ^H concentration are very similar to
those measured at the same time last year. On 1982 August 06,
spring discharge measured by stream dilution gauging was
3.1 L.s"1, and H concentration in the spring was 47.1 Bq.mL"1.
On 1983 July 02, spring discharge measured by direct metering was
3.6 L.s~l and ^H concentration in the spring was 45 Bq.mL~l.
The consistency in discharge rate strengthens our earlier
conclusion that the aquifer supplying water is effectively isolated
from the shallow aquifer system. The similarities in ^H
concentration may be fortuitous; longer-term records will be
compared with disposal data in an attempt to determine residence
time in the medium sand aquifer.

Nitrate Plant Plume • R.W.D. Killey and J.H. Munch

Mapping of the plume of ^°Sr migrating from the former
nitrate decomposition plant is now complete. During the past
quarter coring and sampling on lines 100 and 335 m downgradient of
the source was completed. For the present, we have decided not to
drill within the fence surrounding the original plant site. A
total of 55 boreholes have been drilled and cored over their entire
saturated thickness during this study. Approximately 600 samples
of saturated sands were centrifuged to extract pore waters, and
after preparation the sands and waters were analysed separately for
*^Sr content. Data compilation is progressing well; final
base maps are now being prepared and a series of cross-sections
depicting stratigraphy and the distribution of ^0gr bound to
sediments are ready for final drafting. Hydraulic head monitoring
has continued.
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From this study we now have detailed definition of
radiostrontium distribution at 6 locations along the plume. Over
95% of the 9°Sr is sorbed on the sands; our estimate of the
inventory of sorbed "^Sr in the plume outside of the
decomposition plant fenceline is 7.86 TBq (210 Ci). This compares
favourably with Parsons' 1962 estimate of 8.58 TBq (230 Ci)
(corrected for radioactive decay). The plume now extends
approximately 340 m downgradient of the source; in 1962 the front
was 190 m from the infiltration pit. If one uses the estimated
mean groundwater flow velocity of 100 m.a~l and the
retardation equation, the velocity of plume front advance provides
a Kd of 2.5 mL.g"1. The bulk of 9oSr in the plume,
however, is much less mobile.

Table 3.4.3 below lists the total sediment-bound 90Sr in a
series of 1 m thick sections across the plume.

Table 3.4.3. Distribution of 9°Sr along the Nitrate Plant
Plume

Distance From Total 9<JSr on Sand
Source (m) in a 1 m Thick Transverse Section (GBq)

100 95.6
160 37.3
220 14.7
270 11.9
305 1.14
335 0.16

Most of the relevant data are now ready to be transferred to
G.L. Moltyaner for use in improving of earlier modelling studies of
the flow system. The water sampler for use in the small diameter
multilevel piezometers has been constructed and tested
successfully. With the plume mapping completed we are now ready to
begin desorption studies using contaminated sands and to undertake
detailed groundwater analyses.

% and *^C in Vegetation at CRNL Waste Management Areas B and C -
C. Selkirk, W. Workman and R.M. Brown

Grasses growing in Waste Management Areas B and C have been
analysed for organically-bound tritium and ^ C to check for
any significant diffusive release from the burial trenches.

In area B, *-^C concentrations ranged from 9 to 50 times
the natural level (814 Bq per g carbon) in grasses growing over or
beside concrete trenches filled from 1955 to 1980. High
concentrations occurred next to trenches having exposed concrete
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caps (CD4 and CD14), low concentrations over completely
grass-covered trenches. Tritium concentrations ranged from 4000 to
711,000 TU*, again the high values being associated with
exposed-cap trenches. Measurements to date have not determined
whether the % and **C are diffusing directly from the
underlying disposals or are coming from more recent nearby
trenches.

In area C, low level wastes in plastic bags as well as general
wood and metal debris, all having insignificant y activity, are
accumulated in an open trench in dry sand and eventually covered
with sand. Wastes from off-site locations (universities,
hospitals, NPD, RCC) as well as CRNL facilities are buried here.
This is the source of tritium observed in surface water (Duke's
Stream) and groundwaters draining to Lake Maskinonge. Grass
growing beside the open trench had 160 times the natural level of
^ C and 3H concentration of 237,000 TU. Grass growing at
the entrance gate to the area had 9 times natural ^C, similar
to concentrations observed last summer. Organically-bound H was
40,000 TU, significantly above the general level (^4000 TU) for
vegetation this distance from the reactor stack.

Thus, atmospheric dispersion of both l^C and 3H from
these waste management operations is occurring but the highest
concentrations observed in vegetation, those directly beside the
burial trenches, result in doses to the plant tissues of only
1.6 mGy.a"1 from 14C and 2.5 mGy.a"1 from 3H.

3.5 ANALYSIS AND MONITORING

3.5.1 INSTRUMENTS AND METHODS

Standardization of Analytical Methods - J.M. Judd and P.C. Jay

Work has begun on the standardization of methods used in the
chemical and physical analysis of ecological materials in the
Branch. The objective is to produce a "Methods of Analysis - Env.
Res. Branch, CRNL" manual for publication. At present the more
commonly used procedures, such as trace metal analysis by atomic
absorption are being done but eventually all analytical methods of
branch interest will be covered.

* 1 Tritium Unit = 1 3H atom per 10 1 8 1H atoms.
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Ion Chromatography - P.C. Jay and J.M. Judd

Approximately 1,100 water samples from Perch Lake Basin,
Maskinonge and Upper and Lower Bass lakes were analyzed each month
for anion content using the modified Dionex 10 chromatograph.

Some work was also carried out on the effects of storage on
samples. Surface water samples, from seven different sources in
the Perch Lake Basin, gave reproducible results after eight months
of storage in polyethylene bottles at 5°C.

Life of separator columns, an important cost factor in
analysis by ion chromatography, has improved since our introduction
of on-column pre-filtration of samples using a small column as a
filter immediately before the separator. Two recent "anion
fast-run" separator columns have run approximately 4,000 samples
each before exhaustion compared to approximately 100 to 1,000
sample life previously encountered when pre-filtration was not
used.

Clean Room Facilities - R.M. Brown, R.J. Cornett and J.M. Judd

With the emphasis in environmental measurements on trace and
ultra-trace concentration of elements the need for a
particulate-free environment is becoming essential. The
establishment of a "clean laboratory" in Rooms 155 and 157 was
investigated. Plans for alteration and cost estimates were
obtained. Further progress awaits the availability of finances to
execute the alteration.

Speciation of Trace Metals J.L. Young and D.R. Champ

Prediction of the mobility of trace elements, including
radionuclides, in aqueous media requires adequate information on
the chemical form of the element. Development of analytical
techniques for chemical speciation of dissolved metals is a long
term objective of our program. A potentially powerful analytical
technique is High Performance Liquid Chromatography using Ion Pair
Reverse Phase Chromatography (IPRPC). In co-operation with
R. Cassidy of the General Chemistry Branch we have been
investigating this technique with three objectives: 1) To identify
and quantitate Cu, Pb, Zn, Ni, Co, and Mh in the contaminant plumes
from the toxic and sanitary wastes at the Gloucester landfill site.
The longer term objective was to characterize the metals with
respect to their state of complexation with inorganic or organic
ligands; 2) To develop IPRPC as a tool for simultaneous analysis of
several metal ions in groundwater on a semi-routine basis and;
3) To develop branch capabilities with respect to HPLC techniques.

We reported in the last Progress Report the ability to
separate certain elements (Fe, Cu, Ni, Zn, Co, and Pb) using IPRPC.
Our subsequent efforts have focused on trying to develop the system
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using standards. Despite extensive efforts we have not yet
achieved our objective of performing extensive analysis of the
Gloucester landfill site samples. Difficulties have arisen because
oi the unavailability of equipment, because of other demands within
the General Chemistry Branch, which has greatly disrupted the
necessary continuity in the developmental work.

The developmental work has revealed some inherent problems
with the IPRPC system that will have to be resolved if the superior
separation efficiency and greater column capacity of this system is
to be fully utilized. Our studies have demonstrated the occurrence
of split peaks and the shifting of retention times which confounds
the analytical possibilities. Resolution of this difficulty will
require a concerted continuous effort. The current logistics are
such that we are unable to pursue the problem and have turned it
back to R. Cassidy's laboratory.

Our activities in this area for the immediate future will be
limited to following the technical developments in the HPLC
technique with the hope of acquiring the instrumentation for our
applications at some future date.

Instrumentation for Industrial Flow Measurements Using Radiotracers
- E.L. Cooper, D.E. Clegg and W.J. Beattie

Development of the instrumentation needed for radiotracer flow
measurements in industrial systems continued throughout the first
half of 1983. A computer-based, multi-input, multichannel sealer
unit is being developed in collaboration with P.J. Bunge of Health
Physics Branch. The necessary hardware has been obtained and a
prototype has been assembled. The software required to accumulate
and analyze the data from the detectors is currently being written.
This instrument will greatly simplify the recording of data to
permit the calculation of flow rates immediately in the field.
With the previous instrumentation only preliminary flow rates could
be calculated in the field, the final results being available only
after tedious analysis of the data in the laboratory.

New valves obtained for the injectors will allow us to work in
higher pressure systems. Since they are pneumatically rather than
electrically controlled, we will no longer have to have 115 V AC
power near the injection point. The presence of power near the
injection point is a concern when working on lines filled with
flammable gases under pressure. Rebuilding of the injectors will
continue during the summer.

A new injection controller has been designed and constructed.
This unit will operate the pneumatic valve on the injectors by
using air or nitrogen pressure and a 12 V DC solenoid valve. The
injection controller has been housed with the summing amplifier In



- 61 -

a single box. Both circuits operate with 12 V batteries so they
can be used where AC power is unavailable.

We have discussed the construction of our radioisotope
shielding flask and shipping container with W. Taylor of Civil and
Mechanical Design Branch. Minor modifications are being made to
the current design before it is subjected to a drop test. If the
container survives the test it will have to be rebuilt before it
can be used. If it fails the test then a new design will be
required before the radiotracers can be transported by air to more
distant sites.

3.5.2 RADIOLOGICAL MONITORING RESULTS

Gamma Exposure Rates near CRNL - E.L. Cooper, G. Lahaie and
D.E. Clegg

TLD's placed at the perimeter of the CRNL exclusion area (see
Figure 3.2) are used to measure quarterly exposures that are the
sum of contributions from CRNL and natural gamma radiation. The
exposure rates averaged over the fourth quarter of 1982, the first
quarter of 1983 and the last two calendar years are given in Table
Table 3.5.2A.
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Table 3.5.2A.

Location
(See Fig. 3.2)

1
2
3
4
5
6
7
82

1 3 3
Harrington Bay
Deep River

Gamma Exposure
(PR*.h"1)

Fourth Quarter
1982

6.9
5.2
4.3
6.1
5.6
5.6
4.8

10.9
-
5.5
5.6

Rates* in Public

First Quarter
1983

11.1
3.9
3.4
3.4
2.9
3.4
4.8
7.3
-
5.7
4.8

Areas

1981
Average

10.5
4.1
2.5
4.1
2.8
3.4
4.0
7.1
7.1
6.0
4.9

1982
Average

9.2
4.0
3.3
5.0
3.6
5.5
5.1
6.8
-
4.7
4.6

1
Natural background (excluding cosmic radiation) and airborne
contamination from CRNL.

2
This TLD location is across the river from CRNL and is not
accessible for much of the year. Thus the TLD's are changed less
frequently and the exposure periods do not correspond to those of
the other TLD locations.
3
Harrington Bay, P.Q., 11 km east from plant stack.

*1 R = 2.58x10"* C.kg"1.

Gamma Exposure Rates at CRNL - E.L. Cooper, G. Lahaie, D.E. Clegg
and L.A. Mask

Shielded (indoor) and unshielded (outdoor) gamma ray exposure
rates in the CRNL exclusion area are given in Table 3.5.2B. The
reduction in exposure rates observed in Building 513 is due to
shielding from 35 cm of concrete in the floors above the detector.
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Table 3.5.2B. Gamma Exposure Rates* in Exclusion Area

Location
(Fig. 3.2)

9

2

10

11

3

16

Fourth Quarter
1982

18.2

10.4

13.0

10.0

First Quarter
1983

32.0

11.1

13.1

10.2

1981
Average

34.5

12.9

12.8

10.9

1982
Average

22.7

10.8

6.8

10.1

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

2First floor office in Building 513.

3 Office in CRNL cafeteria.

*1 R = 2.58xl0~4 Ckg" 1.

Radionuclides in Precipitation and the Ottawa River - E.L. Cooper,
D.E. Clegg, G. Lahaie, L.A. Mask and H.M. McLaughlin

Precipitation samples collected at Deep River were analyzed
radiocheraically for ^"Sr and spectrometrically for •'•''Cs
and other gamma emitters. Monthly composite samples of water from
the Ottawa River, collected at Rolphton, Deep River, Pembroke and
CRNL, were also analyzed for gamma-emitting nuclides, tritium and
9°Sr. The results are shown in Figures 3.5.2A and'3.5.2B.

Radionuclides in Surface Water - E.L. Cooper, G. Lahaie and
L.A. Mask

Weekly samples and flow readings were taken at weirs on the
surface streams carrying contaminated seepage water from the Waste
Management Areas into Perch and Maskinonge Lakes (see Figure 3.2).
Most samples were combined and analyzed monthly for H as well as
quarterly for gamma-emitting radionuclides and '^Sr.
Strontium-90, "^Co an(j 3y a r e still th'e main contaminants in
the Perch Lake basin.
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Radionuclides in Liquid Effluents - E.L. Cooper, D.E. Clegg,
G. Lahale, L.A. Mask and H.M. McLaughlin

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

The mean daily releases from the Process Sewer are given in
Table 3.5.2C for the fourth quarter of 1982 and the first quarter
of 1983. Most of the radionuclides are measured by gamma ray
£nectrometry. Other releases are shown in Figures 3.5.2C and
3.5.2D. The daily releases have been calculated from the measured
flow rates and radionuclide concentrations in individual streams.
Since 1980, the plutonium discharges have been expressed in 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 3°Pu
240 . For comparison with previous release rates the
conversion factor is 1 mCi (37 MBq) = 16.3 mg for 2 3 9pu.

The tritium concentrations, determined by liquid scintillation
counting, are summarized in Tables 3.5.2D and 3.5.2E, together with
the activities released during the fourth quarter of 1982 and the
first quarter of 1983.

These surveys of liquid effluents have shown that in all cases
the radioactivity released either directly or indirectly to the
Ottawa River has been less than 1% of the Derived Release Limit
(DRL). Thus no significant effect on the environment resulting
from operations at CRNL has been detected.
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Table 3.5.2C. Mean Daily Releases from the Process Sewer

Mean Daily Releases

Fourth Quarter 1982 First Quarter 1983
Radionuclides

90o
Sr

137' n

Cs
144

Ce

106
Ru

14°Ba

1 3 11

239
Np

95
Zr

54
Mn

46
Sc

59
Fe

65
Zn

60
Co

MBq/d*

27

97

270

£33

£400

140

£600

240

100

94

133

124

238

%

5

3

1

11

12

2

16,

1,

6.

7.

t-i

4.

1.

of DRL**

.8xlO~4

,3xlO~2

.2xlO~3

.7xl0~4

.5xl0~4

.9xl0~3

,lxlO~5

,2xlO~4

,5xlO~5

,0xl0~5

3xlO~4

0xl0~3

7xl0"2

MBq/d*

9.4

45

118

132

445

427

1682

382

163

175

177

128

184

%

2

1

5

11

2

9

16,

1,

1.

1.

1.

4.

1.

of DRL**

.0xl0~4

,4xl0~2

•2xlO"4

.7xl0~4

.9xl0~4

,3xl0"3

.6xlO"5

,7xlO~4

,5xlO~4

2xl0~4

6xlO~4

OxlO"3

3xlO~2

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

**Derived Release Limit. The percent of DRL figures have been
calculated from the DRL values given in AECL-7243.
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Table 3.5.2D. Tritium In Streams in the Exclusion Area
Fourth Quarter 1982.

Concentration Quarterly Release Percent of

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

MBq/m3

1.7

0.84

8.3

9.5

330

GBq

2.4x10

73

1.3x10

6.1x10

1.0x10

DRL*

2.5x10-2

7.8x10,-5

1.4x10-3

,-36.5x10'

l.lxlO"2

Table 3.5.2E. Tritium in Streams in the Exclusion Area
First Quarter 1983.

Concentration Quarterly Release Percent of

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

MBq/m3

1.3

4.1

6.8

10.7

359

GBq

1.5x10

270

1.5x10

6.6x10

1.4x10

DRL*

1.5x10
-2

3.1x10-4

1.6x10
-3

7.1x10-3

1.5x10-2

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

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

1 MBq = 27 yCi, 1 GBq = 27 mCi.

41Ar in the CRNL Stack Effluent Argon - D.P. Wildsraith and
G. Lahaie

Periodic sampling and measurement of the *^Ar released
from the main reactor stack continues. These results provide a
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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, CO2 in the J-rod annulus replaces moist air to
reduce corrosion of the reactor vessel and also reduces the
^Ar release rate per unit power level. The monitoring
results therefore indicate changes in the operating conditions of
the reactors and also provide an indication of the effectiveness of
the CO2 system.

The results obtained to date for 1983 are given in
Table 3.5.2F.

Table 3.5.2F. Measured 4lAr Releases from Main Stack - 1983

Sampling NRU NRX A1Ar

Date

Feb

May

17

12

Time
(EST)

0830

0720

1 TBq =

Power
MW

130

121

27 Ci.

CO
Z

Normal

Normal

Power
MW

Not
Operating

23

TBq.d 1

40

173

TBq.d

0

1

-1.MW"1

.3

.2

3.5.3 MONITORING PROGRAMS AND SERVICES

Environmental Research Branch Emergency Procedures - E. Robertson

The Gaussian plume model was successfully run during the two
plant stay-in exercises in the past six months. Data from
Building 456 were used. Model output was available within 10
minutes. In order to expedite emergency procedures, a computer
terminal has been installed in Room 138 of Building 513.

CRNL Climatological Report - P.C. Jay

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

Meteorological Support of Hydrid Heating Experiment - P.C. Jay

Data are being compiled and sent to R.K. Elliott, Design and
Technical Services Branch, as support for the hybrid heating
experiment by CRNL and Deep River Hydro.
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Contamination and Leakage Investigations - E.L. Cooper and
D.E. Clegg

During part of 1983 May higher than normal releases of some
fission products occurred through the Process Sewer. Additional
effluent samples were collected and analyzed to assist in the
investigation of these releases. The source of the contamination
was found after several weeks of investigation and has now been
repaired.

3.5.4 COMMERCIAL CONTRACT WORK

Industrial Flow Measurements - E.L. Cooper

A number of enquiries have been received from industries
requiring flow measurements. A customer manual describing the
radiotracer methods is currently in preparation. This manual
should aid us in responding to enquiries from potential customers.

Low Level Tritium Measurements - R.M. Brown, W. Workman

Approximately 140 low-level tritium measurements were done
under contract during the period.

Research Proposals Submitted to the Canadian Fusion Fuel Technology
Program - R.M. Brown and D.R. Champ

Two research proposals were prepared and submitted to the
CFFTP during the period, one to investigate the feasibility of
using CRNL HT discharges for field studies of HT dispersal, and a
second to undertake a critical study of organically-bound
tritium/tissue free-water tritium ratios (OBT/TFWT) in vegetation.
In both cases reviewers suggested that some preliminary work should
be done by AECL i.e., demonstration that useable concentrations of
HT do exist in the CRNL environment and demonstration of the
creditability of unusual OBT/TFWT ratios reported by several
laboratories including our own. Some work on these points will be
undertaken as time permits.

3.6 PAPERS AND VERBAL PRESENTATIONS

3.6.1 PRESENTED PAPERS

Cornett, J.R., "Nuclide Sedimentation in Lakes". Presented at the
15th Waste Management Info. Mtg., Toronto, 1983 April 12-13.

Killey, R.W.D., "Subsurface Tritium In a Sand Aquifer: Predictions
and Measurements". Presented at the 15th Waste Management
Info. Mtg., Toronto, 1983 April 12-13.
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Killey, R.W.D. and G.L. Moltyaner, "Hydrodynamic Dispersion in a
20-metre Natural Gradient Tracer Test". Presented at the 1983
Geological Association of Canada Annual Meeting, Victoria
B.C., May 11-13.

Lee, D.R., "Update of Current Work on Surface-Groundwater
Interaction". Presented at Flow System Meetings, Whiteshell
Nuclear Research Establishment, 1983 March 28.

Lee, D.R. , "Groimdwater discharge Zones". Presented by
R.W.D. KilLey at the 15th Waste Management Information
Meeting, Toronto, 1983 April 12-13.

Milton, G.M. and R.M. Brown, "Uranium Series Disequilibrium in the
Canadian Shield: A Case Study". Presented at the Annual
Meeting of the Geological Association of Canada, Victoria,
B.C., 1983 May 11-13.

Moltyaner, G.L. and R.W.D. Killey, "Hydrodynamic Dispersion in a
20-Metre Natural Gradient Tracer Test". Presented at the 15th
Waste Management Info. Mtg., Toronto, 1983 April 12-13.

Moltyaner, G.L., "An Approximate Procedure for Solving Partial
Differential Equations". Paper presented at 14th Annual
Pittsburgh Conference on Modelling and Simulation, Pittsburg,
Pa., U.S.A., 1983 April 21-22.

Olivier J.P., R.V. Osborne and P.J. Rafferty, "Long Term Management
of Uranium Mill Tailings - Results of the OECD NEA Study".
International Conference on Radioactive Waste Management,
Seattle, WA., U.S.A., 1983 May 16-20.

Osborne, R.V., "Development of Assessment Criteria: An
International Perspective". Presented at the 15th Waste
Management Info. Mtg., Toronto, 1983 April 12-13.

Robertson, E., "Use of Radioactive Tritiated Water to Estimate
Evaporation from a Small Natural Lake". Presented at the
Canadian Meteorological and Oceanographic Society Conference,
Banff, Alberta, 1983 May 5-8.

LECTURES AND TALKS

Brown, R.M., "Dispersal of Tritium in the Environment." Seminar to
Personnel of the Canadian Fusion Fuel Technology Program and
Ontario Hydro Research Division, Toronto, 1983 February 03.
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Brown, R.M., "Uranium Series Disequilibrium Studies in CR 20" and
"Present State of Accelerator ^C Dating at Chalk River".
Brief Presentations to NFWM Workshop on Hydrogeochemistry,
WNRE, 1983 May 10.

Champ, D.R., "Environmental Research at CRNL". Discussion and tour
of Perch Lake with a Delegation from Energy, Mines and
Resources, 1983 January 28.

Champ, D.R., "The Canadian Nuclear Option". Briefing Session for
Members of the Conservative Government of P.E.I.,
Charlottetown, 1983 March 08.

Champ, D.R., "Nuclear Energy". Interview on CBC Television,
Charlottetown, P.E.I., 1983 March 08.

Champ, D.R., "The Canadian Nuclear Option". Briefing Session for
the Liberal Opposition Party of P.E.I., Charlottetown, 1983
March 09.

Champ, D.R., "Nuclear Energy in Canada". Seminar to Charlottetown
Chamber of Commerce, Charlottetown, P.E.I., 1983 March 09.

Champ, D.R., "Nuclear Energy in Canada". Seminar to Summerside
Chamber of Commerce, Summerside, P.E.I., 1983 March 10.

Champ, D.R., "A Scientist's Perspective on Nuclear Energy". Two
Presentations and Discussions with Students from Summerside
High School, Summerside, P.E.I., 1983 March 10.

Cbamp, D.R., "Nuclear Energy". Open-Line Radio Show in Summerside,
P.E.I., 1983 March 11.

Champ, D.R., "Environmental Research at CRNL". Tour of Perch Lake
and Discussions with Dr. James Brooks from the Australian High
Commission, 1983 April 22.

Champ, D.R., "Environmental Aspects of Nuclear Power". Talk to
Ottawa Valley Shrine Club, Deep River, 1983 May 24.

Champ, D.R., "Environmental Research at CRNL". Tour of Perch Lake
and Discussions with Dr. Bestoni from the Argentinian
Delegation, 1983 June 22.

Cooper, E.L., Tour of Perch Lake Basin Conducted for Participants
in the RIS Informal Radiation Protection Course, 1983 April.

Cooper, E.L., "Environmental Radioactivity". Talk to Staff of
Agriculture Canada in Ottawa, 1983 May 03.
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Cooper, E.L., "The Use of Radioisotopes for Fluid Flow Measurements
in Closed Conduits". Talk to Staff of Ocelot Industries Ltd.
in Kitimat, B.C., 1983 June 22.

Cornett, J.R., "Environmental Biology". Presented at Forum on
Biology, CRNL Science Teachers' Seminar, 1983 April 15.

Cornett, R.J., Environmental Research. Talk to Quebec University
Students, Deep River, 1983 May OA.

Lee, D.R., "Detection and Measurement of Groundwater Discharge".
Lecture to Contaminant Hydrogeology Class, University of
Waterloo, 1983 March 30.

Osborne, R.V., "Environmental Research at CRNL". Japan Atomic
Energy Research Institute, Tokai, 1983 June.

PRESENTATIONS AT THE SECOND AND THIRD BRANCH SEMINARS ON
"CHALLENGES IN THE ENVIRONMENTAL SCIENCES", 1983, JANUARY 17 AND
FEBRUARY 04.

P.J. Barry - Fluid Dynamics in Environmental Research

E. Robertson - Atmospheric Dispersion

P.J. Barry - Exchanges between Surfaces and Atmosphere

E. Robertson - Mixing in Lakes

R.M. Brown - Natural Isotopes in Environmental Studies

R.J. Cornett - Progress in Limnology: A Return to the
Philosophical Basics

I.L. Ophel - Anuatic Radioecology in Canada

S.R. Gentner - Radionuclide Cycling by Plants

E.L. Cooper - Chemical Speciation and its Effects on
Bioavailability to Plants

J.W. McMahon - Aquaculture in Canada - Possible Applications
of Low Grade Heat

I.L. Ophel - Effects of Radiation on Aquatic Organisms
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3.6.3 PUBLICATIONS

Brown, R.M., H.R. Andrews, G.C. Ball, N. Burn. W.G. Davles, Y.
Imahori, and W. Workman, 1983. "Recent *C Measurements
with the Chalk River Tandem Accelerator". Radiocarbon Vol.
£5, 701-710.

Cooper, Edward L. and Joseph 0. McHugh. 1983. Migration of
Radiocontaminants in a Forested Wetland on the Canadian
Shield: Nuclide Speciation and Arboreal Uptake, pp. 215-230.
Biological Availability of Trace Metals, R.E. Wildung and E.A.
Jenne (ed.), Elsevier, Amsterdam.

Gentner, S-R., 1983.
Algal Cultures."
40:807-810.

"Measurement of Primary Productivity in Dense
Can. J. of Fish, and Aquat. Sci.
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FIGURE 3.2 LOCATION MAP. CHALK RIVER NUCLEAR LABORATORIES PROPERTY.
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CONCENTRATION OF CESIUM - I 37
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CONCENTRATION OF STRONTIUM - 9 0
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- PEMBROKE

- DEEP RIVER

- ROLPHTON

FIGURE 3.5.2A: Monthly Average Concentration of Cesium-137 and
Strontium-90 in the Ottawa River at Rolphton,
Deep River and Pembroke during 1982.

^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 1CP 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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CONCENTRATION OF CESIUM-137

CO
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CONCENTRATION OF S T R O N T I U M - 9 0
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PEMBROKE

DEEP RIVER

ROLPHTON

FIGURE 3.5.2B: Monthly Average Concentration of Cesium-137 and
Strontium-90 in the Ottawa River at Rolphton,
Deep River and Pembroke during 1983.

^Health and Welfare Canada's recommended target concentrations for
Cesium-137 and Strontium-90 in drinking water are 5 x 103 Bq/m3

and 1 x 10 Bq/m3, respectively. The target concentrations have
been derived to correspond to 0.1% of the ICRP ecommended annual
occupational dose-equivalent for continuous exj.
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FIGURE 3.5 .2C DAILY RELEASES OF RADIONUCLIDES IN LIQUID EFFLUENTS. 1982.
1 Bq = 27 pCi
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4. RADIATION BIOLOGY BRANCH

by

D.K. Myers

4.1 Staff

4.2 Aims of the Branch

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

4.4 Slow Repair of Tumor Promoter-Induced DNA Strand Breaks

4.5 Construction of Plasmids for Use as DNA Size Markers for Gel
Electrophoresis

4.6 Dimer-Containing Excision Products In UV-Irradiated Cultured Human
Cells

4.7 Repair of Alkylation Damage to DNA of Cultured Human Fibroblasts

4.8 Search for Dimer Phosphodiesterase: A Putative New Enzymatic Activity
in UV Repair

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

4.10 The Oxygen Effect as a Probe for Classes of Ionizing Radiation Damage
Resulting in Mutation, Gene Conversion or Cell Death

4.11 Radiation Induction of Thermal Resistance

4.12 Assessment of Radiation Hazards to Human Populations

4.13 Development of a Rapid Screening Procedure for Radiosensitive
Individuals

4.14 Hypersensitivity of a Fetal Fibroblast Line to Methylnitrosourea

4.15 Laboratory Support for Clinical Diagnosis of a Xeroderma Pigmentosum
Patient

4.16 Normal Range of Radioresponse of Cultured Human Skin Fibroblasts

4.17 Accumulation of Aberrant Repair-Generated Sites in DNA During
Incubation of UV-Damaged Xeroderraa Pigmentosum Group D Cells

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



- 80 -

A.19 Low Dose - Low Dose Rate Genetic Effects of Ionizing Radiation in
Yeast

4.20 Physiological Parameters in Recombinational Repair

4.21 Follow-up of Past CRNL Employees

4.22 Publications

4.23 Verbal Presentations
4.23.1 Lectures and Seminars
4.23.2 Local Talks

4.24 Committees
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STAFF

Branch Head - D.K. Myers

Professionals

H.C. Birnboimt
M. Barrett* (June 08)

J.Ü. Childs

N.E. Gentner
J. Cadet (May 20-June 03)

N.J. Gragtraans

R.E.J. Mitchel

D.P. Morrison

D.K. Myers

M.C. Paterson
R. Mirzayans*
M. Weinfeld*

P. Unrau

Assistants

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

R. Pilon

L.D. Johnson

R.A. McCann
J.W. Murphy

K.M. Baird

T. Joyce

M.M. Werner

P.A. Knight

S.J. MacFarlane*
R.S. McWilliams*
M. Middlestadt*

G.M. Norton*
B.P. Smith
E.A. Stewart (Secretary)
B.M. Zohr

D.A. Adams*
(Maternity Leave 83 June 06)

Branch Secretary

L.J. Morel

Stimmer Students

A. Balakrishnan (83 May 04)
D.J. Hyndeman (83 May 09)
J. Rensink (83 May 16)
S. Child (83 June 01)

' Editor of Current Progress Report
* Attached Staff
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4.2 AIMS OF THE BRANCH

Research in the Radiation Biology Branch is directed towards
improving our understanding of the effects of ionizing radiation on
living cells and of the response of cells to this challenge. Since it
is generally believed that, in terms of mutagenic and carcinogenic
hazards, the most critical target in cells is DNA (the carrier of
hereditary information), much of the emphasis of our research program
deals directly or indirectly with DNA. We have studied the nature of
DNA damage from exposure to radiation and cancer-causing chemicals and
the enzymatic "repair processes" which help to protect cells from these
insults. It is hoped that our studies at the molecular and cellular
level, together with studies using whole animals, will provide an
improved basis for predicting effects of radiation on human
populations.

4.3 SCREENING FOR GENOTOXIC CHEMICALS BY DETERMINATION OF DNA DAMAGE IfJ
MOUSE ORGANS USING THE FADU PROCEDURE
- H.C. Birnboim, M.C. Wolfgram, N.J. Gragtmans and R. McCann

This project is part of an international study designed to compare
a series of analytical tests, developed in different laboratories, for
their ability to detect damage to DNA in living cells after exposure to
a few "standard" chemicals. The study is organized under the auspices
of the World health Organization, and is entitled the "International
Programme on Chemical Safety - Collaborative Study on Short-term Tests
for Genotoxicity and Carcinogenicity". Our laboratory has undertaken
to study the DNA damaging effects in rodent cells of certain chemicals
administered in vivo to whole animals. The FADU technique, developed
at CRNL, is being used to detect DNA damage. The chemicals to be
tested, supplied by the study organizers, are Benzo(a)pyrene (BP),
Pyrene, 2-Acetylaminofluorene (2AAF) and 4-Acetylaminofluorene (4AAF);
the second and fourth are considered to be non-carcinogenic analogues
of the first and third, respectively. Thus far we have succeeded in
demonstrating that cells from some organs (thymus, spleen, bone marrow
and mesenteric lymph nodes) can be isolated without much damage to
their DNA. When cells from other organs (colon, skin and liver) are
isolated, they contain DNA which is extensively damaged. Obviously, a
high level of 'background' damage would preclude detection of small
amounts of additional damage introduced by the administered chemical.

As a positive control, we have been able to demonstrate that
another potent carcinogenic chemical, methylmethane sulfonate, induces
DNA damage in cells from the first set of organs which is readily
detectable by FADU a few hours after intraperitoneal injection of the
chemical. The carcinogens to be tested (BP and 2AAF) both cause little
strand breakage in the same cells, although presumably they cause base
damage. We have varied the dose, route of administration, and time
after administration but little evidence of strand breakage was seen.
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Several ways are being explored to circumvent the problem. Since
strand breakage but not base damage can be detected by FADU, the
objective would be to convert base damage to strand breakage either in
the cell or after cell lysis. Another possibility which is also being
explored to try further to prepare cells with undamaged DNA from the
most important target organ, the liver, since the largest amount of DNA
damage might be expected in this organ.

4.4 SLOW REPAIR OF TUMOR PROMOTER-INDUCED DNA STRAND BREAKS
- H.C. Birnboim, J.J. Jevcak, A.G. Knight and M. Plattner*

Our earlier studies have shown that several chemical agents which
act as tumor promoters when applied to the skin of animals also have
the ability to cause UNA strand breakage in human white blood cells in
vitro. This and other observations have led us to propose that strand
breaks may be of importance in the tumor promotion phase of
carcinogenesis. Our recent results indicate that, as a class, these
tumor promoting agents may cause a different kind of DNA damage than is
induced by gamma rays. The experimental observation is that breaks
produced by promoters are only slowly repaired, compared to the very
rapid rate of repair of radiation-induced breaks. In fact, it appears
that the same cells treated with tumor promoters are still able to
repair the majority of radiation-induced breaks while at the same time
failing to repair the promoter-induced breaks. We interpret this as an
indication that the nature of the breaks induced by the two kinds of
agents may be different. This difference could be significant in terms
of how promoters exert their effects upon the genome; for example,
slowly repaired breaks may provide increased opportunity for genomic
rearrangements to occur.

* Medical Branch

4.5 CONSTRUCTION OF PLASMIDS FOR USE AS DNA SIZE MARKERS FOR GEL
ELECTROPHORESIS
- J.D. Childs and H.C. Birnboim

The isolation of plasmids containing multiple repeats of a piece
of cloned DNA (CB) of about 740 base pairs (bp) has now been completed
and the results have been submitted for publication. The set of
plasmids contain from 1 to 6 repeats of this DNA fragment and provide a
convenient set of size markers for gel electrophoresis in the range
from 4,362 (the size of the plasmid vector) to 8,802 bp (the size of
the vector with 6 inserts (pCB6)) for covalently closed circular DNA.
As the CB fragment was cloned using the restriction endonuclease
Hind III, partial digestion of pCB6 with Hind III provides a set of
size markers from 740 to 8,802 bp for linear DNA. Within each of these
size ranges a regular series of bands could be generated differing in
size by 740 bp. All bands were of almost equal intensity, unlike
conventional size markers generated by restriction enzyme digestion of
plasmid or phage DNA.
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During the course of restriction mapping It was found that there
was a single Bam HI site 340 bp from one end of the fragment. Complete
digestion of pCB6 with Bam HI resulted in only one band of CB DNA of
740 bp. This indicates that the orientation of the inserts is all
head-to-tail, otherwise bands of CB DNA of 680 and 800 bp should have
been detected. Head-to-tail orientation is not surprising due to the
method of constructing the plasmid and because head-head or tail-tail
orientation of repeated inserts tend to be unstable.

The presence of the Bam HI site also permitted another marker
series to be constructed. Thus partial digestion of pCB6 with Bam HI
and complete digestion with Cla I, which cuts the plasmid 3 bp from
Hind III, resulted in 2 overlapping series of bands, one starting at
340 bp and the other at 740 bp, again both with 740 bp spacing.

In order to more accurately determine the size of the fragment and
the location of the Bam HI site, which were determined by mobility of
the appropriate digests on a gel relative to known molecular weight
markers, it Is intended to sequence the fragment.

4.6 DIMER-CONTAINING EXCISION PRODUCTS IN OV-IRRADIATED CULTURED HUMAN
CELLS
- N.E. Gentner, M. Weinfeld, L.D. Johnson and M.C. Paterson

The majority of the pyrimidine dimer-containing excision products
in UV-irradiated and incubated normal cultured human fibroblasts remain
in the cell cytoplasm. Such excised dimers can be recovered in the
trichloroacetic acid (TCA)-soluble fraction after treatment of the
cells with 5% TCA. The TCA-soluble fraction affords a considerable
enrichment of UV-induced DNA damage products relative to undamaged base
moieties, compared to DNA itself. This technique therefore increases
the sensitivity with which low levels of repair may be detected, and we
plan to extend it to the repair of DNA damaged by chemical
carcinogens.

The dimers appear to be excised as part of oligodeoxyribo-
nucleotides of average chain length 5-6, assuming that: (i) there is
one dimer per excision fragment; (ii) all undamaged thymine is
associated with such excision fragments; and (ill) the base composition
of such pieces reflects their relative proportions in DNA. These
fragments have been further fractionated into 5 species by HPLC using
strong anion-exchange columns.

Upon photoreversal by short wavelength UV light, 50-70% of the
dimer-containing oligodeoxyribonucleotides were found to release either
thymidine or thymidylic acid. This could occur only if, in a majority
of cases, (i) the pyrimidine dimer is at one end of the excision
fragment and (ii) an internal strand scission (a phosphodiester bond
cleavage between the two pyrlmidines involved in dimer formation)
exists. This finding sheds new light on the mechanism by which normal
repair-proficient human cells ameliorate such UV-induced dimer damage.
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It further provides evidence at the molecular level that the apparently
internally-incised dimer structure, for which an accumulation in
certain repair-deficient xeroderina pigmentosum cells was observed by
M.C. Paterson et al., may be a normal repair intermediate. Our
observation in normal cells that similar proportions of internal
incision events exist in the fragments isolated after either 6h or 24h
post-UV incubation suggest that such cleavages were accomplished prior
to release (from DNA) of the damage—containing excision fragments.

4.7 REPAIR OF ALKYLATION DAMAGE TO DNA OF CULTURED HUMAN FIBROBLASTS
- M.V. Middlestadt, N.E. Gentner, L.D. Johnson and M.C. Paterson

Alkylating agents give rise to a variety of reaction products in
DNA. Of these, the most critical appears to be the product of
alkylation at the CF-position of guanine; the repair of this lesion
occurs via an inducible "suicidal" enzyme, an alkyltransferase, which
transfers the alkyl group to a cysteine in itself. We have Gardner
syndrome (GS) strains with demonstrable hypersensitivity to alkylating
carcinogens, as well as a non-GS line with pronounced sensitivity. Two
approaches are used to examine the possible molecular basis for
hypersensitivity: (a) measurement of alkyltransferase activity in
cellular extracts _in vitro, using as donor a H-methylated DNA
manipulated chemically so that the majority of label is in the
0"-position of guanine; and (b) following the content specifically in
PNA of the various alkylation products in exposed and incubated
cultured human fibroblasts. An HPLC program which separates the major
and minor alkylation products (from depurination procedures) is used in
(b), as well as to verify in (a) the identity of the transferred
giroup.

4.8 SEARCH FOR DIMER PHOSPHODIESTERASE: A PUTATIVE NEW ENZYMATIC ACTIVITY
IN UV REPAIR
- D.J. Hyndman, N.E. Gentner and M.C. Paterson

We have evidence that scission of the phosphodiester bond internal
to UV-induced pyrimidine dimers may be a previously undetected step in
the normal course of repair of such UV lesions. This would require a
novel enzymatic activity which we have provisionally designated "dimer
phosphodiesterase". We are developing two assay procedures to examine
whether such activity can be detected in extracts in vitro: (i) the
appearance or strand breaks in UV-exposed DNA on alkaline sucrose
gradients specifically after photoreactivation (i.e. the product of the
putative dimer phosphodiesterase would be a strand break held together
solely by the cyclobutane bridge between the two bordering pyrimidines;
photoreactivation would permit specific uncovering of the internal
scission); (ii) DNA labelled with 5'-3H-thymidine is incubated with
extract, and then subsequently exposed to N-glycosylase and type II
apurinic endonuclease activity; dimer phosphodiesterase activity in the
first incubation would result in release of the label in the
deoxyribose moiety.
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4.9 EFFECT OF DOSE RATE OF IONIZING IRRADIATION ON MAMMARY TUMORIGENESIS IN
THE SPRAGUE DAWLEY RAT.
- N.J. Gragtmans, D.K. Myers, A.R. Jones*. J.R. Johnson"1", A.H. Ohno,*
R.A. McCann, J.W. Murphy and D. Dunford''"

We recently completed a study estimating the relative carcinogenic
effectiveness for tritium beta rays in reference to 200 kVp chronic (10
day exposure) X-irradiation. The system used (acceleration of mammary
tumor induction in the female Sprague Dawley rat) is reported to be one
of the roost sensitive mammalian systems to radiation dose and LET.
Although the dose response for acute irradiation is reasonably well
defined in this system, there is very little information on the effect
of dose rate (NCRP 64). A new experiment was initiated to study the
influence of dose rate of X- and gamma-irradiation on mammary
tumorigenesis in the Sprague Dawley rat.

Female Sprague Dawley rats at 45-50 days of age, weighing about
180 g (Range 160-200 g) were obtained from the Canadian Breeding Farm
and Laboratories, St. Constant, P.Q. The animals were derived from the
Charles River Colony and were "specific pathogen free" upon arrival.

Two groups of 60 animals each served as non-irradiated control
animals.

A summary of doses and dose rates for the 14 experimental groups
(each with 60 animals) is listed in Table 1. Data for the chronic
X-irradiation groups from our previous study will also be used in the
analyses and is included in Table 2.

Animals exposed to acute gamma irradiation were placed in two
acrylic holders, each consisting of 5 tubes (8 cm inside diameter, 19
cm long) glued on top of each other (45 cm tall). On the one end the
animal faced a perforated acrylic plate while it was restrained behind
by an acrylic rod which passed through the complete array of five
tubes* The two acrylic holders were placed end-to-end (animals facing
out) perpendicular to and centered in front of a Co" beam
(distance of 50 cm between the source and middle tube of the holder).
An average dose rate of 26.32 Gy/h was measured by an ion chamber
placed inside the tubular holders. Animals were irradiated for 1-7
minutes depending upon dose.

Animals exposed to chronic gamma irradiation were placed four to a
wire mesh cage (18 x 36 x 18 cm) in each of 16 cages in a rack set back
four meters from a Co^O gource. A 5 mm lead shield was placed
behind and beneath the rack to minimize scatter. Dosimetry
measurements were made by means of a ion chamber placed inside the
cages prior to experimental irradiation. Appropriate correction was
made for absorption by the other three animals. Animals were
irradiated from 2\ to 16 days, depending upon dose.

* Health Physics Branch
+ Biomedical Research Branch
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An intermediate dose rate of 0.17 Gy/h of gamma irradiation was
achieved in above caging through attenuation of the °"co beam by
an 8 mm lead sheet.

When four animals were placed in each of 8 cages (measuring 18 x
36 x 18 cm), arranged as two columns of 4 cages with the longtitudinal
axis of each cage perpendicular to the unattenuated Co"" beam,
gave a dose rate of 2.04 Gy/h.

Four groups of rats received 200 kVp X-ray doses ranging from
0.62 to 3.72 Gy at a dose rate of 37.16 Gy/h. The animals wera placed
in a circular wheel (37 cm in diameter), with a solid hub (10 cm in
diameter), divided radially into 14 compartments. The wheel was
placed on a turntable (rotating at 2 revolutions/minute) with a
distance of 50 cm between the floor of the wheel and the X-ray surface
plate of a Muller MG 300 X-ray unit set at 200 kV and 17.5 ma. A ion
chamber placed in the compartments was used for dosimetry.

All animals are examined every three weeks for mammary tumors.
Upon reaching 2^ cm, a tumor is excised surgically (nembutal
anasthesia) and classified histologically.

IRRADIATION

Acute Gamma

Chronic Gamma

Intermediate
Gamma 1

Intermediate
Gamma 2

Acute X-ray

Acute X-ray
(previous study)

DOSE "4TE
(Gy/n)

26.32

7.6 x 10"3

0.17

2.04

37.16

0.6 - 1.8

Table 1

0.

0.

0.

0.

5

5
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57

1

1

1
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(Gy)

.0

.0

—

—

.24

2

2,

2.

1.

.0

.0

,48

78

3

3

3

3

3

.0

.0

.0

.0

.7:

Chronic X-ray 0.29 0.57 1.1 2.0
(previous study) 1.2xlO~3 - 8.3xlO~3
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4.10 THE OXYGEN EFFECT .S A PROBE FOR CLOSES OF IONIZING RADIATION DAMAGE
RESULTING IN MUTATION, GENE CONVERSION OR CELL DEATH
- R.E.J. Mitchel, D.P. Morrison, K.M. Baird and T.L. Joyce

The reactions of 0£ with different classes of ionizing radiation
damage can be distinguished when diplold yeast are exposed to a
constant dose of "Co- Yrays in the presence of variable
concentrations of oxygen. We have identified two classes of O2
mediated damage which result in increased lethality, two classes which
result in gene conversion (the product of a recorabinational repair
process) but only one class which results in mutation. The effect of
oxygen on these three biological end points has been examined further
to specifically compare the classes of damage resulting from the
reaction of O2 with hydroxyl radical-initiated lesions. Scavenging
of hydroxyl radicals (with ethanol) indicated that both of the O2
mediated damage classes which resulted in enhanced lethality, but only
one of the two classes which resulted in gene conversion, were due to
OH radical initiated lesions. This class of OH* Initiated 0 2

modified damage which was common to the end points of lethality and
gene conversion also corresponded to the single detected class which
resulted in increased mutation. The end point of gene conversion has
been examined in three independent genes, TRP5, HIS1 and ADE2. The end
point of mutation has also been examined in three independent genes,
TRP5, LYS1 and ARG4. The results obtained were independent of the gene
tested. The capacity of the DNA repair systems to recognize these
classes of damage was tested by monitoring lethality after exposure of
repair deficient (Y-sensitive) mutants to irradiation in the presence
of variable oxygen concentrations. Hydroxyl radical scavenging in a
strain defective in recombinational repair gave no protection against
the oxygen enhanced lethal effects of one of the two OH* radical
initiated classes of damage detected in wild type cells. This class of
OH* damage was the same one detected when the end point of
recombinational repair was directly monitored. These results strongly
suggest that different classes of radiation damage exist, can be
detected by their reaction with 02» and are distinguished and
processed by different DNA repair systems.

4.11 RADIATION INDUCTION OF THERMAL KFSISTANCE
R.E.J. Mitchel, D.P. Morrison, K.M. Baird and T.L. Joyce

During incubation under growth conditions and at constant
temperature, prior exposure of cells to ionising radiation caused an
increase in their thermal resistance. This increase appears to have
two components, temporally distinguishable. The early response reached
a maximum about 2 h post-irradiation and appeared to be maximally
induced by Y-doses which caused no cell killing. A second increase in
thermal resistance appeared about 5 h post-irradiation if the cells had
received doses in the lethal range. Exposure of cells defective in
recorabinational repair indicated that radiation can induce thermal
tolerance In these Y-sensitive rec" mutants. This result suggests
that the induction of thermal resistance by ionizing radiation does not
depend on the recombinational repair of radiation damaged DNA.
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While both ionizing radu' i , and heat shock are capable of
inducing thermal tolerance, thf induction is greater and more rapid
during a heat shock. We have tested the possibility that exposure to
one stress precludes a response to a second stress by monitoring the
induction of thermal tolerance during a heat shock of cells previously
exposed to Y-radiation. We found that Y-irradiated cells were still
capable of a large rapid induction of thermal tolerance if subjected to
a heat shock.

Cells, wild type for resistance to UV radiation, were induced to
high levels of thermal resistance when incubated under growth
conditions following exposure to ultraviolet light. The magnitude of
induction was related to the UV dose and to incubation time in a manner
which appears similar to the induction following exposure to ionizing
radiation. Cells defective in excision repair (UV sensitive) also
showed induction of thermal resistance following UV exposure. This
result suggests that the induction of thermal tolerance by UV radiation
does not depend on the excision repair of UV damaged DNA. It was noted
however that a much lower UV dose was required to produce maximum
induction of thermal resistance in excision repair defective mutants
than in wild type cells. Since UV type DNA damage is removed by the
excision repair process in wild type cells during the post irradiation
incubation but not removed in the repair deficient cells, this result
supports the hypothesis that the induction of thermal resistance is a
response to UV damage in DNA.

Plots of survival versus time at lethal temperatures in wild type
cells produced shouldered curves. Similar plots using cells which were
induced to thermal resistance by ionizing radiation initially displayed
a broadened shoulder. At longer times of incubation the shoulder width
decreased and there were indications of an altered distribution of
cells in the cell cycle.

We conclude that both ionizing and UV radiation as well as heat
shock induce increased thermal resistance in yeast. Exposure to
radiation does not preclude induction by a heat shock. Induction of
thermal resistance by radiation appears to result from DNA damage but
does not depend on cellular capacity for the repair of that damage.
With high initial radiation doses and long incubation times, changes in
the distribution of cells in the cell cycle may contribute additional
thermal resistance to the cell population.

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

Review of the available literature concerning radiation effects on
the developing embryo and foetus (section 4.13 in PRHS-14) has been
completed and the first draft of a document on this topic was prepared
in collaboration with scientists from other organizations. Other
activities include preparation of lectures on epideraiological studies
of radiation-induced cancer and input into the deliberations of various
scientific committees and working groups (Joint Panel on Research for
Uranium Production in Canada, provincial Working Group 3 for Nuclear
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Emergency Planning., Program Committee for international Conference on
Occupational Radiation Safety in Mining, and United Nations Scientific
Committee on the Effects of Atomic Radiation). Interest in tha latter
case was centred primarily on draft documents concerned with medical
irradiation, irradiation in utero, genetic effects of radiation and
dose-response relationships for radiation-induced cancer.

Other activities during the past six months were concerned with
evaluation of the biological hazards of tritium. The two topics
reviewed in detail were mutagenic effects of transmutation of DNA-bound
tritium to helium during radioactive disintegration and biological
experiments on the relative biological effectiveness of tritium
beta-rays. It is anticipated that this information will be useful in
the preparation of a wide-ranging collaborative document to be prepared
later this year by members of the Health Sciences Division.

4.13 DEVELOPMENT OF A RAPID SCREENING PROCEDURE FOR RADIOSENSITIVE
INDIVIDUALS
- M.C. Paterson and R". S. McWilliams

In an attempt to develop a simple method for widespread screening
of the human population for cancer proneness, we have adopted an assay
which monitors Y-ray-induced killing of human peripheral blood
lymphocytes, based on dye exclusion as a test of cell viability. The
basic protocol consists of the following sequential steps:

(i) Collection of a ten-ml sample of venous blood; (ii) isolation
of the lymphocyte fraction by a standard Ficoll-Paque (sedimentation/
centrifugation) procedure, (iii) acute exposure of lymphocyte cultures
flO6 cells/ml) to graded doses (0, 0.63, 1.25, 2.5 and 5.0 Gy) of
"°Co Y-radiation delivered under oxia; (iv) incubation of
irradiated cultures for up to £96 hr, removing 1-ml samples at 24-hr
intervals; and (v) counting of samples for cell viability, followed by
generation of dose-response curves.

While this protocol has provided us with a sensitive indirect
measure of an individual's response to radiation, at present step (v)
in particular is far too labor-intensive and tedious for routine
application, requiring a technologist to spend long hours in front of a
microscope scoring lymphocytes individually for their ability to
exclude trypan blue dye. This step must become automated if the assay
is ever to become useful for mass screening purposes. One promising
approach towards achieving this goal has recently appeared in the
literature — namely, the use of an electronic particle counter
interfaced with a multichannel pulse height analyzer to distinguish
live and dead cells. [Note: The two types of cells are distinguished
on the basis of differences in membrane permeability (or, more
precisely, differences in susceptibility to dielectric breakdown of
cellular membranes when subjected to high electric currents), leading
to apparent differences in cell volume.] Pilot studies with a
multichannel analyzer on temporary loan from the Health Physics Branch
coupled with our Coulter counter has yielded very encouraging results.
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4.1A HTPERSENSITIVITY OF A FETAL FIBROBLAST LIRE TO METHYLNITROSODREA
- M.C. Paterson, G. Norton, M.V. Middlestadt and N.E. Gentner

A cell line derived from a human fetus in the first trimester of
embryonic development has been found to be highly susceptible to the
lethal effects of N-raethyl-N-nitrosourea (MNU)• This unexpected
observation was made fortuitously when this strain was chosen as one of
the control lines in an investigation into the post-MNU colony-forming
ability of lines from certain individuals with colon cance-.
Furthermore, the magnitude of the enhancement in MNU sc •ivity
displayed by the fetal line was dependent upon the age of the cells in
culture, increasing from ~3-fold above normal at passage 12
(t>10 = 0.46 mM, compared to 1.43 mM for a normal strain to "ll-fold
by passage 25 (D-^Q = 0.13 mM) . Of additional significance is the
fact that the dose-response curves of the fetal strain are biphasic,
typified by a steep slope at low doses which tailed off to a more
gradual rate of decline at higher doses; the latter slope mimics the
survival response of normal cells. Such biphasic curves are often
interpreted as indicative of two subpopulations of cells, one sensitive
and the other resistant to the test agent. Assuming this to be the
case here, extrapolation of the resistant exponential tail to zero dose
of MNU indicates that at passage 12, for example, about 30% of the
fetal cell population displays a normal response to the alkylating
agent while the remaining 70% is markedly sensitive to its killing
action. The component of the cell culture giving rise to the resistant
tail decreases with in vitro age, comprising <1% of the total
population by passage 25.

We are aware of a second line of evidence in support of
heterogeneity in the fetal strain. This fibroblast line apparently
exhibits spontaneous chromosomal instability, with 3% of the cells
reported to be missing one chromosome. The analysis was presumably
performed on an early passage culture (<9), and it is likely that the
proportion of the cell population with 45 chromosomes^would increase
with culture age. Are these pseudodiploid (2n-l) cells and those
comprising the MNU-sensltive subpopulation one and the same? In an
effort to answer this and other questions, we have submitted
representative mid-passage and late-passage cultures of the line to
Dr. S. Tsai (Biotech Research Laboratories, Rockville, MD) for
karyotype analysis.

Currently, various biochemical assays are being set up to monitor
directly the initial incidence and subsequent repair of specific
alkylation adducts in cellular DNA, including 0"-methyldeoxyguanosine
— the reaction product incriminated in the carcinogenic effects of
MNU.



- 92 -

4.15 LABORATORY SUPPORT FOR CLINICAL DIAGNOSIS OF A XERODERMA PIGMENTOSUM
PATIENT
- M.C. Paterson and B. Zohr

Continuous post-UV incubation in the presence of caffeine
(75 pg/ml) resulted in marked enhancement of UV-induced lethality in
S6055, a strain derived from an Ottawa patient tentatively diagnosed as
having Xeroderma pigmentosum (XP). Potentiation by caffeine of the
lethal effects of UV light is of utility in distinguishing so-called XP
variants from not only normal controls but also from various other
UV-sensitive strains, including classical XP lines (defective in
excision of UV-induced pyrimidine dimers from DNA) and lines from
Cockayne syndrome patients. Strains S6055 also exhibited
two additional traits, both characteristic of an XP variant strain as
well: (i) slight, but significant, sensitivity to inactivation by far
UV (254-nm) light; and (ii) normal capacity to repair pyrimidine dimers
(measured in our case by loss of UV endonuclease-sensitive sites, using
the in vitro enzymatic assay as a biochemical probe). These combined
data have led us to designate the line as an XP variant and have
provided strong laboratory support for the clinical diagnosis of XP in
the patient.

4.16 NORMAL RANGE OF RADIORESPONSE OF CULTURED HUMAN SKIN FIBROBLASTS
- M.C. Paterson, B. Zohr, B.P. Smith, S.J. MacFarlane and N,E. Gentner

In order to evaluate the in vitro response of an experimental
strain (e.g. that obtained from a cancer patient) to inactivation of
colony-forming ability (CFA) by acute exposure to axie V radiation, It
is first necessary to define accurately the typical radioresponse of a
hypothetical "normal" strain. In an ongoing study to satisfy this
prerequisite, we are determining the mean sensitivity and range of
variation of 12 cultured skin fibroblast lines derived from genetically
unrelated human donors. One of the selected strains, GM11, was of
fetal origin, while the remaining 11 strains were derived from
clinically normal individuals whose ages at the time of skin biopsy
procurement spanned the first nine decades (see Table 2). It is our
intention to monitor these fibroblast lines for the effects of the
following three variables on post-y-ray CFA: (i) age in vivo (donor age
at biopsy); (ii) age ii» vitro (strain age in culture, as measured by
passage level); and (iii) cell plating efficiency.

Preliminary data summarized in Table 2 indicate that the
distribution of radioresponse for the present strains is, as a rule,
similar to that reported by us In an earlier survey (composite mean
D l o = 3.98 + 0.14 Gy, with a range of 3.62 - 4.32 Gy. There are,
however, several notable exceptions to this generalization. The
Dlo values for strains GM3529 and CRL112O, both derived from
elderly persons, fall well below this "normal" range, suggesting that
by the seventh decade at least the age of the donor must be taken into
account when measuring the radioresponse of a particular line.
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TABLE 2. Post-y-ray Colony-forming Ability of Fibroblast Strains
from Twelve Clinically Normal Donors

Strain

GMU

GM38

1538T

GM323

GH3652

GM726

GM43

GM408

GM321

GM7 3O

GM3529

CRLL120

Age

8FWb

9

6

11

24

26

32

5

40

45

66

83

Donor
Sex

M

F

M

M

M

F

F

F

F

F

M

M

Race

BL

BL

BL

WH

WH

OR

BL

WH

WH

WH

BL

WH

If
Expts.

2
6
3

4
8

1

1

3

3

3
3

3

1

4

7

3

Passage
Nurabera

8-10 (early)
11-19 (mid)
25-27 ( la te )

15-19 (mid)
21-27 (late)

20

9

9-14

9-11

11-17 (mid)
21-24 (late)

14-15

8

14-27

10-16

10,11

Plating
Efficiency (2

40-72
43-57
14-22

15-48
30-49

22

7

37-74

15-21

47-60
16-23

19-28

34

30-53

10-29

44-50

D10 +
:)

3
3
3

4
3

4

3.

4.

2.

4.
3 .

3.

3 .

4.

2 .

3 .

(Gy)

.89 +

.95 +

.31 +

.02 +

.87 +

.03 +

.64 +

.06 +

.64 +

.12 +

.12 +

,86 +

64 +

21 +

93 +

43 +

SE

0
: 0
: 0

• 0

0

0

0

0

0

0
0

0

0

0

0,

0

.12

.09
.22*

.15

.11

.31

. 1 2

. 1 3

.16*

.22
.17*

.17

. 1 2

.13

. 2 1 *

.13*

a Number of subcultivations since establishment of primary culture

b Fetal weeks of gestation

* P<0.05, comparing Dlo + SE of indicated strain to that of "Normal"
+ 0.14 Gy); using standard error of the mean in the statistical test
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Similarly, it is likewise evident that the response of a line to
Y-ray-induced killing is also determined by its age ̂ n vitro, as
indicated by a noticeable decline in D^g in late passage compared
to mid-passage cultures in GM11, GM38 and GM43. Futhermore, survival
data for strains GM11 and GM43 (but not GM38) reveal a direct
correlation between D^Q and plating efficiency, with both
parameters declining considerably in late passage cultures.

The pronounced radiosensitivity of strain GM726, as evidenced by a
D^o of 2.64 Gy, is difficult at present to reconcile with the
clinical status of the donor who was apparently a 26 year-old
asymptomatic female of oriental ancestry. We are attempting to confirm
this unexpected finding by obtaining a second culture from the
supplier, Institute for Medical Research (Camden, NJ), and evaluating
its radioresponse. The submitter of the strain is also being contactad
to update the clinical picture in the donor.

It would thus appear that the capacity of cultured skin
fibroblasts to overcome the lethal effects of Y-rays is independent of
age, either ^n vivo or jji vitro, until the approach of senescence —
that is, by the seventh decade at least in the donor or by passage 21
in the culture. In the latter situations, control strains must be
closely matched in age with the experimental strains under
investigation.

4.17 ACCUMULATION OF ABERRANT REPAIR-GENERATED SITES IN DNA DURING
INCUBATION OF DV-DAMAGED XERODERMA PIGMENTOSDM GROUP D CELLS
- M.C. Paterson and S.J. MacFarlane

Xeroderma pigmentosum (XP) is a hereditary sunlight-sensitive and
cancer-prone skin disorder manifested jt£ vitro by faulty repair of
cyclobutyl pyrimidine diraers induced in cellular DNA by ultraviolet
(UV) light. In cultured fibroblast strains from complementation
group D (one of nine genetic forms of XP defective in dimer excision),
assays measuring early and late steps in the multi-enzymatic
excision-repair process give different results as to the extent of the
repair deficiency. This paradox prompted us to re-examine the
metabolic fate of dimers in two XP group D (XP3NE and XP6BE) and one
normal strain (GM 38) by measuring the photoreactivable sector in
cellular DNA with time of incubation after exposure to 15 J/m^ of
254-nm light. After post-UV incubation, the cultures were lysed; their
DNA was extracted, subjected to enzymatic photoreactivation (PR)
(Streptomyces griseus photolyase plus fluorescent light) to convert
dimers selectively to normal monomers and then analyzed for residual
damage-containing sites, using partially purified UV endonuclease from
Micrococcus luteus as an enzymatic probe. Our results revealed the
appearance of novel sites in the UV-damaged DNA of incubated XP, but
not normal, cells; these sites were detected as single-strand breaks
after UV endonuclease exposure despite exhaustive PR treatment. Site
incidence in the XP strains increased from a level of -0.15 sites per
10 daltons in UV-treated, non-incubated cultures to a peak of 0.6 -
0.8 per 10' daltons after 24-40 hr of post-UV incubation. The yield,
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15-20% of the initial number of dimers formed, corresponded to the
residual capacity (~20% of normal) of the mutant strains to execute
UV-induced DNA repair replication.

Interestingly, the same number of sites were detected as frank
single-strand scissions after PR Jji vitro (without subsequent UV
endonuclease treatment). This unexpected observation, coupled with the
repair replication data, suggests that XP group D cells act ineptly on
a fraction (~20%) of the dimers, cleaving the phosphodiester bond
between the dimer-forming pyrimidines [as apparently also occurs during
the excision of dimers in normal cells (see section 4.6)] and then
inserting a normal size repair patch without removing the modified
dimer.

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

As part of our research program under contract with the U.S.
National Cancer Institute, we have surveyed four normal controls and
eleven coded "unknown" fibroblast lines (from members of cancer-prone
families) for their response to loss of colony-forming ability (CFA)
upon acute exposure to three carcinogens; °^Co y-rays, far UV light
and mitomycin C (MMC). The survival response of each strain for each
agent was expressed in terms of D^Q — that is, the dose needed to
reduce survival to 10%.

The Dio's of the four normals in response to Y-ray treatment
varied from 3.69 Gy to 4.32 Gy, with a collective mean D 1 0 of 3.95
+ 0.13 Gy. Two of the eleven "unknowns" — 3421T and 3546T — were
found to be significantly more sensitive to y~rays than the reference
"normal", yielding D10's of 3.25 + 0.15 and 3.51 + 0.05 Gy,
respectively. Interestingly, two other "unknown" lines — 2824T and
2967T — displayed enhanced resistance to the lethal effects of y~rays
compared to the "normal" line, giving D^Q values of 4.71 +_ 0.24 and
4.54 + 0.15 Gy, respectively. Moreover, it seems likely that, upon
further study, a fifth strain, 3437T (Dx° = 4.55 + 0.40 Gy) will
prove to be radioresistance as well.

The D^Q'S of the four normal strains for UV light ranged from
12.6 to 16.7 J/m , with a collective mean D^g for the "normal"
line of 13.9 +0.5 J/m . Only one of the eleven "unknown" strains
examined - 3546T — appeared to be significantly more sensitive to UV
than the reference "normal"; this line, which, as noted above, showed
cross-sensitivity to Y~rays» exhibited a D-̂ g for far UV of 7.4 +_
1.1 J/m2.

The four normals gave a mean D^Q of 0.44 + 0.05 jjg/ml'hr for
MMC, with a range of 0.24 to 0.65 yg/ml'hr. Three of the "unknowns"
— 3421T, 3581T, and 3582T — displayed considerable sensitivity
(D1Q's of 0.11 + 0.01, 0.25 + 0.03 and 0.26 + 0.01, respectively).
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It will be recalled that 3421T was also found to be sensitive to Y-ray
inactivation. What is more, a fourth "unknown" line, 3437T, which may
be radioresistant, appeared to be markedly more resistant than the
"normal" control to MMC. To our knowledge, such enhanced resistance to
this DNA interstrand cross-linking agent is unprecedented, and the
pursuit of the molecular basis for this novel phenotype will be of high
priority.

In short, seven of the eleven "unknown" strains displayed an
abnormal response to the killing action of one or more of the three
carcinogens in our CFA assays. Presumably, some of these lines at
least were derived from afflicted members in different cancer-prone
families, and it will be of interest to measure post-carcinogen CFA of
additional lines from both cancer-affected and -unaffected members in
these high risk families to determine whether abnormal carcinogen-
response in vitro correlates with the development of cancer jln vivo.

4.19 LOW DOSE - LOW DOSE RATE GENETIC EFFECTS OF IONIZING RADIATION IN
YEAST
- P. Unrau and D. Adams

To explain the observation that yeast cells in GQ give fewer
convertants/rad than cells in G]_, two hypothesis are being examined.
The possibility that fewer initiating lesions (most likely double
strand breaks (DSB) are induced is being tested by developing assays to
measure DSB in GQ and G± cells. In preliminary experiments,
suitable spheroplasting enzymes and conditions have been defined.
Glusulase has been found unsuitable as has Mutanase, while Zymolase and
Cytohelicase have been found to give better results, as determined by
DNA counts in the sucrose gradients. These spheroplasting techniques
can also be used in yeast transformation assays which provide an
alternative test of DSB effects. The second possibility, that DSB
repair via recombinational processes has a shorter repair patch, is
under consideration but not yet tested.

Data from a series of experiments involving D7•rad6, a strain
blocked in error prone repair and thus lacking radiation induced
mutation, has been analysed more fully. It turns out that the number
of convertants/rad is significantly higher for X- and Y-rays and very
significantly higher for 14.5 MeV neutrons. One explanation of this
observation is that damage normally repaired in an error prone way
becomes an additional substrate for recombinational repair. The
explanation can be tested using plasmid assays and development of
suitable strains will be required. In this context plasmid DNA studies
initiated by J.D. Childs and R. Pilon are being pursued to learn
suitable techniques.
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4.20 PHYSIOLOGICAL PARAMETERS IN RECOMBINATIONAL REPAIR
- P. Unrau and J.R. Johnson

The model previously described has been presented as a poster
session at the International Symposium on the Biological Effects of
Low-Level Radiation. Consideration of recombinational effects in
error-prone repair defective strains has lead to the suggestion that
non-DSB damage may initiate recombinational events under such
circumstances but may be repaired to lead to mutation in wild-type.

<>.21 FOLLOW-UP OF PAST CRNL EMPLOYEES
- M.M. Werner, D.K. Myers and D.P. Morrison

Mrs. A. Lemke, a part-time employee working on the Health Study
completed the work on the summer student Employee Identity Summary
(EIS) forms in February. This information will be held at Chalk River
until the decision is made on how to include it in the study.

The necessary data have been obtained to update the reports on the
NRX and NRU clean-ups (AECL-7760 and AECL 7901 respectively) to the end
of 1982. An update of the mortality study of pasc employees of CRNL is
in preparation as is a follow-up study of those employees who have
accumulated occupational life-time doses of 0.2 Sv or more.
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4.22 PUBLICATIONS

H.C. Birnboim: Failure of phorbol myristate acetate to damage DNA in
leukocytes from patients with chronic granulomatous disease.
Infection and Immunity 3Q: 1299-1300, 1982.

H.C. Birnboim: Differences in repair of DNA strand breaks induced by
gamma rays or by tumor promoters. Proceedings of the Canadian
Federation of Biological Societies, 1983. (Abstract).

A. Chan, B.P. Smith, M.C. Paterson and R.E.J. Mitchel: Lethal effects
of hyperthermia and Y-radiation in normal and radiosensitive human
fibroblasts. (Abstract). Radiat. Res. 9^: 589, 1983.

J.D. Childs, M.J. Ellison and R. Pilon: Formation of
5-hydroxymethylcytosine-containing pyrimidine dimers in
UV—irradiated bacteriophage T4 DNA. Photochemistry and
Photobiology_37: 513-519, 1983.

K.V. Deugau, R.E.J. Mitchel and H.C. Birnboim: Nucleotide sequence of
polypyrimidines from cloned mouse DNA as determined by
base-specific blockage of exonuclease action. Analytical
Biochemistry \29} 88-97, 1983.

D.W.S. Evans, A.M. Marko and D.K. Myers: Effects of ionizing
radiation. Letter to Editor. Can. Med. Assoc. J., 129: 10-11,
1983.

N.E. Centner: Calculation of cancer risk from coal-fired electricity
generation. Ill "Comparison of Risk Resulting from Major Human
Activities, pp.159-171 (Proceedings of the Xth Regional Congress
of the International Radiation Protection Association; Societe
Franchise de Radioprotectlon, Fontenay-aux-Roses, 1983, 636 pp.).
AECL-8120.

N.J. Gragtmans and J.F. McGregor: Effect of hyperthermia on epithelial
microneoplastic cell populations induced by irradiation of rat
skin. Jour. Nt'l Cane. Inst., 7£: 877-879, 1983.

J.R.A. Johnson and D.K. Myers: Is 1-131 less efficient than external
irradiation at producing thyroid cancers? A review. (Abstract).
p.49-50 in Book of Extended Synopses, IAEA-SM-166 Symposium on the
Biological Effects of Low-level Radiation, 1983.

E.G. Letourneau, J. Muller and D.K. Myers: The female atomic radiation
worker. (Abstract). Proc. Fourth Annual Conference of Canadian
Radiation Protection Association, 1983.

F.P. Li, J.B. Little, N.T. Bech-Hansen, M.C. Paterson, C. Arlett,
M.B. Garnick and R.J. Mayer: Acute leukemia after radiotherapy in
a patient with Turcot's Syndrome. Amer. J. Med., j[4_: 343-348,
1983.
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S.J. MacFarlane and M.C. Paterson: Accumulation of aberrant repair-
generated sites in DNA during Incubation of UV-treated xeroderma
pigraentosum group D fibroblasts. (Abstract). Can. Fed. Biol.
Soc- 16th Annu. Meet., p.14, 1983.

A.M. Marko and D.K. Myers: The effects of ionizing radiation and
review of the Young-Woollard document. Atomic Energy of Canada
Limited, Report AECL-8061, 1983.

A.M. Marko and D.K. Myers: The effects of ionizing radiation and
review of the Young-Woollard document. Atomic Energy of Canada
Limited, Report AECL-8061, 1983.

R.S. McWilliams, W.G. Cross, J.G. Kaplan and H.C. Birnboim: Rapid
rejoining of DNA strand breaks in resting human lymphocytes after
irradiation by low doses of °̂ Co Y rays or 14.6-MeV neutrons.
Radiation Research 94.; 499-507, 1983.

D.K. Myers: Follow-up of irradiated human populations, p.39-66 in
Uranium and Nuclear Issues, Proceedings of a Seminar, Canadian
Nuclear Association, 1983.

D.K. Myers and J.R. Johnson: Estimating the biological hazards of
tritium. (Abstract). Proc. Fourth Annual Conference of Canadian
Radiation Protection Association, 1983.

D.K. Myers, N.J. Gragtmans, J.R.A. Johnson, L.D. Johnson and
A.R. Jones: Induction of mammary tumors in rats by X-rays and
tritium beta-rays. (Abstract), p.185-186 in Book of Extended
Synopses, IAEA-SM-266 Symposium on the Biological Effects of
Low-level Radiation, 1983.

M.C. Paterson and S.J. MacFarlane: Appearance of aberrant repair-
generated sites in DNA during post-UV incubation of xeroderma
pigmentosum fibroblasts. (Abstract). Radiat- Res. _9_4_: 664,
1983.

M.C. Paterson, N.T. Bech-Hansen, W.A. Blattner and J.F. Fraumeni, Jr.:
Survey of human hereditary and familial disorders for Y ray
response in vitro: Occurrence of Both Cellular Radiosensitivity
and Raoioresistance in Cancer-Prone Families. In:
Radioprotectors and Anticarcinogens, (O.F. Nygaard and M.G. Simic,
eds.), Academic Press, New York, p.615-638, 1983.

B.P. Smith, A. Chan, M.C. Paterson and R.E.J. Mitchel: The influence
of hyperthermia on killing of human fibroblasts by ionizing or
ultraviolet radiation. (Abstract). Gen. Soc. Canada Bull. JL4̂
A12, 1983.

P.J. Saith and M.C. Paterson: Effect of aphidicolin on de novo DNA
synthesis, DNA repair and cytotoxicity in Y-irradiated human
fibroblasts. Biochim. Biophys. Acta, 739: 17-26, 1983.
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P.J. Smith, M.H. Greene, D. Adams and M.C. Paterson: Abnormal
responses to the carcinogen 4-nitroquinoline-l-oxide of cultured
fibroblasts from patients with dysplastic nevus syndrome and
hereditary cutaneous malignant melanoma. Carcinogenesis, hi
911-916, 1983.

M.M. Werner, D.K. Myers and D.P. Morrison: follow-up of CRNL employees
involved in the NRX reactor clean-up. (Abstract). Health Physics
A±, p.713 (1983).

M.M. Werner, n.K. Myers and A.M. Marko and D.P. Morrison: Follow-up of
employees involved in clean-up operations at research reactors in
Chalk River in 1953 and 1958. (Abstract), p.122-123 in Book of
Extended,Synopses, IAEA-SM-266 Symposium on the Biological Effects
of Low-Level Radiation with Special Regard to Stochastic and
Non-Stochastic Effects. International Atomic Energy Agency and
the World Health Organization, Venice, Italy, 1983 April 11-15.

M.M. Werner, D.K* Myers and D.P. Morrison: Follow-up of AECL employees
involved in the decontamination of NRU in 1958. (Abstract).
Proc. Fourth Annual Conference of Canadian Radiation Protection
Association (1983).

4.23 VERBAL PRESENTATIONS

4.23.1 Lectures or Seminars

H.C. Birnboim: Differences in repair of DNA strand breaks induced by

gamma rays or by tumor promoters. Invited speaker - minisymposium
on DNA Repair, 1983 June 14. Canadian Federation of Biological
Societies, Ottawa.

N.E. Gentner: La reparation de l'ADN et ses mecanismes. A series of
lectures (15 h) on DNA repair. Delivered at University of Quebec
at Montreal, 1983 April 25-29. Lecture titles:
(1) The nature of radiation.
(2) DNA as the critical target for radiation/chemical damage;

historical renew of DNA repair.
(3) Direct and indirect action of ionizing radiation; target

theory; survival curve analysis.
(4) Recovery vs. repair: biological and biochemical end-points.
(5) Types of DNA damage produced by radiation and chemicals.
(6) The major DNA repair pathways: photoreactivation, excision,

recombination.
(7) Specialized aspects of DNA repair: error-prone repair,

mismatch repair, and others.
(8) Mutagenesis and carbinogenesis as consequences of DNA damage

and repair.
(9) DNA organization and repair; cytogenetic effects of DNA

damage.
(10) Assays for repair of radiation- or chemical-induced DNA

damage (3h).
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(11) Cancer radiotherapy.
(12) Risk estimates for exposure of human populations to ionizing

radiation.
(13) Consequences of DNA repair defects in humans.

D.K. Myers: Health effects of radiation with emphasis on uranium
mining. Invited talk to a CNS - Canadian Institute of Mining and
Metallurgy meeting in Elliot Lake, 1983 April 04.

D.K. Myers: Follow-up of employees at Chalk River. Poster session,
IAEA Symposium on Biological Effects of Low-level Radiation,
Venice, Italy, 1983 April 13.

D.K. Myers: Induction of mammary tumors in rats by X-rays and tritium
beta-rays. Poster Session, IAEA Symposium on Biological Effects
of Low-level Radiation, Venice, Italy, 1983 April 12.

D.K. Myers: Estimating the biological hazards of tritium. Canadian
Radiation Protection Association, Toronto, 1983 May 03.

D.K. Myers: Epidemiological studies of radiation-induced cancer.
Invited talk to Uranium Mine Radiation Safety Course, Saskatoon,
1983 June 01.

M.C. Paterson: Progress on NCI Contract Studies at AECL. Meeting of
NCI Investigators and collaborating Scientists, Bethesda,
Maryland, 1983 January 18.

M.C. Paterson: Appearance of aberrant repair-generated sites In DNA
during post-UV incubation of xeroderma pigraentosum fibroblasts.
Invited talk to Dermatology Branch, National Cancer Institute,
Bethesda, Maryland, 1983 January 19.

M.C. Paterson: Ataxia-telangiectasia: An inborn error of DNA
metabolism linking cancer, neurodegeneration and immunodeficiency.
Invited talk to Cancer Biology Department, Harvard School of
Public Health, Boston, MA, 1983 January 20.

M.C. Paterson: Environmental-genetic interactions in cancer causation.
Invited talk to Division of Oncology, University of Alberta,
Edmonton, Alberta, 1983 February 21.

M.C. Paterson: Accumulation of aberrant repair-generated sites in DNA
during incubation of UV-treated xeroderma pigmentosum group D
fibroblasts. Invited talk to Biochemistry Department, University
of Alberta, Edmonton, Alberta, 1983 February 22.

M.C. Paterson: Appearance of aberrant repair-generated sites in DNA
during post-UV incubation of xeroderma pigmentosum fibroblasts.
Presented at the Radiation Research Society Meeting, San Antonio,
Texas, 1983 March 03.
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M.C. Paterson: Human cancer-prone disorders, carcinogen
hypersensltivity, and inborn errors in DNA metabolism- Invited
speaker at the 1983 Annual Meeting, Genetics Society of Canada,
Ottawa, Ontario, 1983 June 27.

M.M. Werner: Follow-up of AECL employees Involved in the
decontamination of NRU in 1958. Fourth annual conference of the
Canadian Radiation Protection Association, Toronto, Ontario 1983
May 3-5.

4.23.2 Local Talks

H.C. Birnboim: The significance of tumor promoters in the development
of cancer. 1983 April 16 Science Teachers' Seminar.

J.D. Childs: Cloning multiple copies of a DNA fragment. Radiation
Biology Branch Meeting, CRNL, 1983 April 11.

N.E. Gentner: Evolution - Can Man Change? Keynote address at planary
session of Eighth Annual Science Teachers' Seminar, CRNL, 1983
April 15.

N.E. Gentner and k.E.J. Mitchel: Panel members for forum on biology,
Eighth Annual Science Teachers' Seminar, CRNL, 1983 April 16.

N.E. Gentner: Interviewed by D. Foster of Energy Pathways. CRNL, 1983
June 20.

R.E.J. Mitchel: Stress induced resistances in Yeast. Radiation
Biology Branch Meeting, CRNL, 1983 June 13.

D.K. Myers: Effects of radiation on the developing embryo and foetus.
Radiation Biology Branch Meeting, CRNL, 1983 March 07.

D.K. Myers: Handling of hazardous materials in Bldg. 513. Divisional
Safety Meeting, CRNL, 1983 March 22.

M.C. Paterson: Causes of human cancer. Presented to Grade 13 Biology
Students, Mackenzie High School, Deep River, Ontario 1983
June 01.

M.C. Paterson: In pursuit of excellence. Convocation Address,
Pembroke Senior Public School Graduation Exercises, Pembroke,
Ontario, 1983 June 27.

M.C. Paterson: NCI contract studies - interim report. Radiation
Biology Branch Meeting, CRNL, 1983 May 30.

M. Wetnfeld: DNA phosphate alkylation. Radiation Biology Branch
Meeting, CRNL, 1983 February 07.
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4.24 COMMITTEE

An official Animal Care Committee at CRNL was formed as required by the
Canadian Council on Animal Care. This committee evaluates and endorses
each new project involving the use of live animals. Criteria for
approval include 1) significance of the project toward the
contribution of knowledge. 2) Level of pain and/or discomfort and 3)
general animal care.
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5. BIOMEDICAL RESEARCH BRANCH

by

J.R. JOHNSON

5.1 STAFF

5.2 BIOASSAY LABORATORY

5.2.1 Distribution of Tritium Exposure at CRNL

5.2.2 Quality Control Prcgram

5.2.3 Bioassay Database Systems

5.3 IN VIVO MONITORING

5.3.1 Thoron-in-Breath Monitor

5.4 RADIOCHEMICAL ANALYSIS

5.5 METABOLIC STUDIES

5.5.1 Metal Ion-Amino Acid Studies

5.5.1.1 Nickel-Glycine System
5.5.1.2 Equilibrium Constant Calculations
5.5.1.3 HP 85 Interface with Central Computer
5.5.1.4 Calibration of Glassware and Reagent Preparation

5.5.2 Tritium Gas Inhalation Study

5.5.3 Radioiodine Uptake Study
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5.6 METABOLIC MODELS AND INTERNAL DOSIMETRY

5.6.1 Clearance of Thoron From Lungs
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5.1 STAFF

Branch Head

Secretary

Professional

Technical

J.R.

L.A.

G.H.
B.F.

P.C.
J.D.
D.W.
S.E.
A.

P.A.

Johnson

Kaden

Kramer
Peterman

Beaulieu
Brunette
Dunford
Gardner
Hesketh
Robinson

(Temporary)

(Maternity Leave)

Clerical M.R. Gresham (Part-time)

5.1.1 Summer Students

A. Longtin - University of Montreal, Montreal, working with
B.F. Peterman, reported for work 1983 May 10.

5.2 BIOASSAY LABORATORY - G.H. Kramer

5.2.1 Distribution of Tritium Exposure at CRNL - 2 tables

5.2.2 Quality Control Program

The formalized quality control procedures for the gross
alpha, gross beta, gross gamma screening methods and for the
tritium procedure are in place and have been running
satisfactorily for the last four months. Reports describing
these procedures are being prepared and they are summarized below.

A gross alpha quality control sample is supplied to the
Bioassay Laboratory each week by the quality control manager
(QCM). The sample is prepared from pooled urine that was
submitted for tritium analyses and is spiked with any combination
of Pu-239, Th-230 and Am-241. The total activity of the sample
is sufficiently high to keep the counting times reasonable
(i.e. 2A hours) and is in the range 9 to 210 mBq. This QC
sample gives a periodic check on the chemical recovery, which
has consistently been between 62 and 87%, and the ability to
identify the radionuclide(s) in the alpha spectrometer. Up
to this time there have been no QC failures for this method.



Table 5.2.1.1

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1983 January 01 - March 31

ARD
CO
EIP
MS
MSC
NRU
NRX
RES
RIS
RL
WEP

TOTALS

% of Persons

0-49
mrem

12
15
36
46
5
41
40
3
49
0
0

247

74.8

50-99
mrem

0
14
0
8
0
35
0
0
11
0
0

68

20.6

100-199
mrem

0
5
0
0
0
8
0
0
1
0
0

14

4.2

NUMBER

200-299
mrem

0
0
0
0
0
1
0
0
0
0
0

1

0.3

OF TESTED

300-399
mrem

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

GIVEN BOSE RANGES

500-999
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

1-3
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

3-5
rem

0
0
0
0
0
0
0
0
0
0
n

0

0.0

Above
5 rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Tested
Persons

12
34
36
54
5
85
40
3
61
0
0

330

100.0

Total
mretn

1
1815
458
1193

6
4571
285
0

1393
0
0

9727

o
00

NOTES TO TABLE ABOVE

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

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

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



Table 5.2.1.2

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1983 April 01 - June 30

ARD
CO
EIP
MS
MSC
NRU
NRX
RES
RIS
RL
WEP

TOTALS

% of Persons

0-49
mrem

21
17
29
40
5
42
37
1
51
0
1

244

73.3

50-99
mrem

0
14
1
9
0
34
0
0
9
0
0

67

20.1

100-199
mrem

0
1
0
6
0
14
0
0
1
0
0

22

6.6

NUMBER

200-299
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

OF TESTED

300-399
mrem

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

GIVEN DOSE RANGES

500-999
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

1-3
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

3-5
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Above
5 rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Tested
Persons

21
32
30
55
5
90
37
1
61
0
1

333

100.0

Total
mrem

157
1506
490
2228
29

5382
259
0

1608
0
6

11669

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.
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The gross beta screening method is also checked
weekly by submitting (by the QCM) a blank and a spiked
pooled urine sample to the Bioassay Laboratory. The
spike is Sr-90/Y-90 and is usually between 180 and 720 mBq.
Several difficulties were encountered when this method was
first implemented. Originally there was no blank sample
but it was found that the pooled urine discarded from the
tritium estimations had significant residual activity present
(58 ± 97 mBq/sample). This low but significant activity
necessitated the introduction of a blank QC sample. Since
the introduction of the blank and the refinement of the
preparation procedure no QC failures have occurred. The
chemical recovery has consistently been between 62 and 100%.

The gamma scan screening procedure is checked by
ensuring the peak positions (32 and 662 keV) of the in-house
Cs-137 standard is correct and that the intensity of the
662 keV peak does not vary more than expected. These checks
are performed daily.

The tritium analyses is checked daily by internal
calibration of the LS counter using the manufacturer's
standard, by counting a high (100 yCi/L) water standard
and by counting of a low urine standard (~ 15 yCi/L). The
high and low standard have indicated the need to re-define
the quench curve on several occasions.

The QC results discussed above are all recorded and
plotted on control charts. The gross alpha and gross beta
QC results are maintained by the Quality Control Manager,
and the gamma scan and tritium analyses QC results are
maintained by the Bioassay Laboratory.

5.2.3 Bioassay Database Systems

• All the interactive programs and procedures for recording,
reporting and scheduling the work of the Bioassay Laboratory
have been tested and are now working satisfactorily. The
final step of scheduling the monitoring of personnel is being
initiated.

5.3 \ IN VIVO .MONITORING - B.F. Peterman

5.3.1 Thoron-in-Breath Monitor

The calibration of the thoron-in-breath monitor (TIBM)
which was developed to monitor CRNL personnel who work with
tb/jria powders, indicated that 48 ± 11% of the Pb-212 atoms
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(positively charged thoron daughters) generated in the
collection chamber are collected on the negatively charged
electrode. (i.e. the collection efficiency is 48 ± 11%)
If it is assumed that 11 to 12% of the thoron produced in
the body is exhaled by subjects (Hursh, J.B. and Lovaas, A.,
Health Physics 9_, 621 (1963)) the minimum detectable activity
for the TIBM is about 0.1 Bq, or about 40 times lower than
that of the lung counter. The group of people who have
potential contamination with thorium compounds at CRNL have
been identified and a talk on the TIBM technique was presented
to them. A schedule is being prepared to start monitoring
thoron in breath of these studies.

5.4 RADIOCHEMICAL ANALYSIS - G.H. Kramer

Nothing to report.

5.5 METABOLIC STUDIES

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

5.5.1.1 Nickel-Glycine System

The study of the nickel-glycine system has been
completed and has proved to be most valuable in establishing
future experimental protocol. The results of the nickel-
glycine system evaluated in this laboratory are in excellent
agreement with an earlier inter-laboratory comparison
performed on this system (Ann di Chimica 6̂ 8, 813 (1978)).

In addition to the potentiometric analysis, a
spectrophotometric analysis was performed on the nickel-
glycine system. Again, results were in excellent agreement
with the earlier work.

5.5.1.2 Equilibrium Constant Calculations

A computer code has been written that is capable of
analysing a set of potentiometric data in a more efficient
manner than was previously possible. As a result, the
amount of data required to produce equilibrium constants
will be reduced by up to a factor of 2.

Work is continuing on obtaining or developing
efficient and robust computer codes to aid in the overall
analyses of experimental data.
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5.5.1.3 HP 85 Interface with Central Computer

The transmission of data from the HP-85 to the central
computing centre for further analysis has been slow. Further
work on the terminal emulator program developed in this
laboratory has resulted in about a factof of 10 improvement
in data transfer rate.

5.5.1.4 Calibration of Glassware and Reagent Preparation

The high accuracy that equilibrium constant determinations
require has necessitated a protocol for calibrating equipment
and solution preparation that was previously unnecessary in this
laboratory. In order to calibrate glassware ranging from a
micrometer syringe to 1.0 I, volumetric flasks two new electronic
balances have been purchas;d: a Mettler PC2000 (range 0 to
2.1 kg, 2 decimal places, ± 0.01 g) and a Mettler AE160 (range
0 to 162 g, 4 decimal places, ±0.2 mg). These balances are
maintained in an air conditioned room (with the automatic
titration system and spectrophotometer) along with a barometer
and hygrometer to calculate air density for buoyancy corrections.

A study was performed to estimate the magnitude of a number
of variables that can affect the true weight of an object. These
are the air density which in turn depends on air pressure,
temperature, composition and humidity; aeration of the water
being weighed, and water density which depends on air pressure
and air temperature. It was found that air composition, aeration
of water and the change in water density with changing air
pressure could all be neglected; however, all the other factors
were found to be important to accurately determine the volume of
a piece of glassware.

All solids that are weighed out for the purpose of
solution preparation have their mass corrected for air buoyancy
so that the true mass is always' determined.

5.5.2 Tritium Gas Inhalation Study - J.R. Johnson, B.F. Peterman and
R.G.C. McElroy*

A study of the fraction of inhaled tritium (HT, T^) gas that
gets converted to HTO in vivo in humans has been initiated. The
results of this study will be useful in setting safety standards
in laboratories processing T2 or HT, such as those in tritium
removal (from heavy water) programs and fusion fuel programs.
The study will expose volunteers to known amounts of tritium
gas and estimate the fraction converted to HTO by measuring the
concentration of tritium in urine. Approval for this study has
been obtained from the AECL Clinical Radioisotope Committee, and
it is expected that it will be partially funded by the Canadian
Fusion Fuel Technology Project.

* Health Physics Branch
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5.5.3 Radioiodine Uptake Study - J.R. Johnson

It is well known that the amount of stable dietary
iodine will affect the fraction of inhaled or ingested
radioiodine that reaches the thyroid. However, the
mechanism that cuases this effect is not well understood,
and two models that give good agreement with measured
results at high levels of stable iodine predict different
effects at low levels. An experimental proposal to measure
the effects of low levels of stable iodine on thyroid
uptake in volunteers has been reviewed and approved by the
AECL Clinical Radioisotope Committee. The knowledge
gained from this experiment should further our understanding
of the mechanism of iodine metabolism, and is potentially
useful in managing persons accidentally exposed to radioiodines.

5.5.4 Carbon - J.R. Johnson

The study of the retention of C-14 following inter-
peritoneal injections of 1'*C03 in rats is complete. Retention
equations of C-14 in bone, liver and muscle with time post-
injection have been obtained. These studies are being combined
with exhalation and excretion measurements in volunteers
following inhalation of llfC02 (being done by Ontario Hydro) to
develop a metabolic model for use in internal dosimetry
calculations.

5.6 METABOLIC MODELS AND INTERNAL DOSIMETRY

5.6.1 Clearance of Thoron From Lungs - B.F. Peterman

Only a fraction of the thoron produced in the lungs due
to the decay of thorium deposited in the lung will be
exhaled. This fraction and the. factors affecting it have to
be known to interpret the results of the thoron-in-breath
monitoring (i.e. to relate the concentration of thoron in
a subject's breath to the amount of thorium in the lungs).
A theoretical study of the thoron exhalation from a subject
has started. At the beginning we examined different approaches
that could be taken (experimental, theoretical, etc.). The
results of this review was to use a theoretical approach. At
present a computer program is being developed to simulate the
exhalation of thoron from the lungs.
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5.7 MISCELLANEOUS

5.7.1 Stable Iodine in Urine - G.H. Kramer

A sensitive (10 ppb) method of analysing stable iodine
in urine is required for a proposed study of iodine metabolism.
A method reported in the literature that claims to be able to
measure stable iodine in 1 mL of urine in the range 0.07 pg to
0.25 yg (M. Mantel, Clin. Chim. Acta 33, 39 (1971)). The
method depends on the iodide catalysis of the oxidation
reduction reaction of Ce(iv) and As(iii). After a fixed
reaction time the system is quenched with excess Fe(ii) and
the measured absorbance of the resulting Fe(iii) ions is a
direct measure of the amount of iodide originally present. Work
is continuing on this procedure to see if it can achieve the
desired sensitivity.

5.7.2 Radiation Produced Thyroid Cancer - J.R. Johnson and D.K. Myers*

The available information on radiation produced thyroid
cancer has been reviewed, with the following conclusions.

It is clear that risk estimates for radiation-induced
thyroid cancer based on data derived from young children
exposed to X-rays are too high to be generally applicable to
effects of low-level radiation on all populations throughout
the world. The natural incidence of thyroid cancer in some
countries appears to be lower than that which would be
predicted on the basis of these risk estimates for persons
exposed to 1 mGy per year from natural sources, even without
allowing for an approximately equal dose from medical
diagnoses in many western countries. Both environmental and
genetic factors may influence susceptibility of different
population groups to radiation-induced thyroid cancer and
therefore risk factors for radiation induced* thyroid cancer
may vary greatly from one population group to another.

There are suggestions in the literature that 1-131
is less efficient than external irradiation at producing thyroid
cancers in humans. However, there is no convincing evidence
that this difference is large. In fact, animal experiments
suggests that low doses of 1-131 should be as efficient as,
or at most 3 times less efficient than X-rays. Theoretical
consideration of dose rate and LET suggests that- X-rays at
high dose rate might be 2 to 10 'times more effective than
1-131 for induction of thyroid cancer in humans, but predicts
very little difference between 1-131 and chronic low level
external irradiation. Certainly, there is no evidence to
support a difference as high as a factor of 70 as has been
suggested by some authors.

* Radiation Biology Branch
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5.8 PUBLISHED PAPERS, REPORTS, PRESENTATIONS, INFORMAL LECTURES

5.8.1 Published Papers

Peterman, B.F. - "Computer Modelling of HT Gas Metabolism
in Humans", Atomic Energy of Canada Limited, AECL-7896,
Radiation Protection Dosimetry, _3, (3), 129-133, 1982.

Johnson, J.R. and James, A.C. - "Is Exposure to Potential
Alpha-Energy an Adequate Index of Dose?", National Radiological
Protection Board Bulletin, 1983 January issue, January 1983.

Johnson, J.R., James, A.C. and Birchall, A. - "An Estimation
of the Bronchial Cancer Risk from the Inhalation of Long-Lived
Alpha Emitting Radionuclides". Published in "Current Concepts
in Lung Dosimetry", proceedings of the special workshop on Lung
Dosimetry, Radiation Research Society Meeting, Salt Lake City,
Utah, 1982 April 18-22. Proceedings edited by D.R. Fisher,
February 1983.

Johnson, J.R. - "An Age Dependent Model for Radium Metabolism
in Man", Atomic Energy of Canada Limited, Report AECL-7612,
Health Physics, _44, Supplement No. 1, 91-102, 1983.

5.8.2 Reports

Johnson, J.R. and Dunford, D.W. - "Dose Conversion Factors
for Intakes of Selected Radionuclides by Infants and Adults",
Atomic Energy of Canada Limited, Report AECL-7919, January 1983.

Kramer, G.H. and Beaulieu, P.C. - "The Determination of Radium-226
in Urine", Atomic Energy of Canada Limited, Report AECL-7979,
March 1983.

Kramer, G.H. - "Complexes of Metal Ions with Selected Amino
Acids: A Review of Stability Constant Determinations and their
Values", Volume I and II, CRNL-2481, April 1983.

5.8.3 Presentations

Johnson, J.R. and Myers, D.K. - "Is 1-131 Less Efficient than
External Irradiation at Producing Thyroid Cancer?". Presented
at the IAEA Symposium on the Biological Effects of Low-Level
Radiation with Special Regard to Stochastic and Non-stochastic
Effects, Venice, Italy, April 1983.
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Johnson, J.R. and Unrau, P. - "Physiological Factors
Influencing the Repair of Ionizing Radiation Damage and
its Somatic Genetic Consequences in Saccharomyces
Cerevisaie". Presented at the IAEA Symposium on the
Biological Effects of Low-Level Radiation with Special
Regard to Stochastic and Non-stochastic Effects, Venice,
Italy, April 1983.

Myers, D.K., Gragtraans, N.J., Johnson, J.R., Johnson, L.D.
and Jones, A.R. - "Induction of Mammary Tumors in Rats by
X-rays and Tritium 3~rays". Presented at the IAEA Symposium
on the Biological Effects of Low-Level Radiation with Special
Regard to Stochastic and Non-stochastic Effects, Venice,
Italy, April 1983.

Johnson, J.R. - "Current Status of Internal Dosimetry Calculations".
Presented by S.L. Iverson at the 15th Information Meeting of the
Canadian Fuel Waste Management Program, Toronto, Ontario, April 1983.

Johnson, J.R. - "Frequency of Bioassay Monitoring for Internal
Contamination and its Relationship to Sensitivity and Accuracy
Requirements". Presented at the 4th Annual Conference of the
Canadian Radiation Protection Association, Toronto, Ontario,
May 1983.

Myers, D.K. and Johnson, J.R. - "Estimating the Biological
Hazards of Tritium". Presented at the 4th Annual Conference
of the Canadian Radiation Protection Association, Toronto,
Ontario, May 1983.

Kramer, G.H. - "The Quality Assurance Program of the Bioassay
Laboratory at CRNL". Presented at the 4th Annual Conference of
the Canadian Radiation Protection Association, Toronto, Ontario,
May 1983.

Peterman, B.F. - "Monitoring of Internally Deposited Thorium
by Electrostatic Collection of Decay Products of Exhaled Thoron".
Presented at the 4th Annual Conference of the Canadian Radiation
Protection Association, Toronto, Ontario, May 1983.

5.8.4 Informal Lectures

Johnson, J.R. - "Radiation Biology". Presented at the Radiation
Protection Course for System Materials Branch, CRNL, March 1983.

Johnson, J.R. - "On the Implementation of ICRP Recommendations in
Internal Contamination Monitoring Programs". Presented at the
National Radiological Protection Board (NRPB), Harwell, United
Kingdom, April 1983.
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Kramer, G.H. - "Bioassay Techniques and Tour of CRNL
Bioassay Laboratories". Presented at the Informal
Radiation Protection Course, CRNL, April 1983.

Johnson, J.R. - "Metabolism and Dosimetry of Radionuclides".
Presented at the Animal Research Center, Agriculture Canada,
Ottawa, Ontario, May 1983.

Kramer, G.H. - "Bioassay Techniques". Presented at the
Animal Research Center, Agriculture Canada, Ottawa, Ontario,
May 1983.

Peterman, B.F. - "Monitoring of Internally Deposited Thorium
at CRNL". Presented to Fuel Materials Branch, CRNL, June 1983.
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6. MEDICAL BRANCH

by

D.W.S. Evans
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6.2 CLINIC PROCEDURES
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6.2.2 Non-Occupational Accident and Illness

6.3 CLINIC VISITS BY WORK CATEGORIES

6.4 BREAKDOWN BY INTERNATIONAL COPE

6.5 MEDICAL EXAMINATIONS

6.6 NON-OCCUPATIONAL ABSENTEEISM

6 . 7 LABORATORY PROCEDURES

6.7.1 X-Ray Department
6.7.2 Haematology
6.7.3 Urine

6.8 TOTAL HOSPITAL PROCEDURES
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6.1 STAFF

Branch Head D.W.S. Evans
Secretary
Professional
Nurses

Part-Time Nurses

V.A. Schizkoske
J.J. Meenan
A. Kinloch
J. Williams

Medical Technicians M. Plattner
J. Shaw
Y. Davis
G. Miller
D. Williams

6.2 CLINIC PROCEDURES

6.2.1 Occupational Accident and Illness

Dec Jan
AECL
Male - New Visits

- Revisits

Dec Jan Feb Mar Apr May TOTAL

35
32

39
29
•55

38
30
"55

28
32
•So

28
31
59"

35
25
TO 382

Female - New Visits
- Revisits

Others
Male - New Visits

- Revisits

1
_2
3

1
_2

— 1

16

Female - New Visits
- Revisits

6.2.2 Non-Occupational Accident and Illness

5
408

- New Visits
- Revisits

Female New Visits
Revisits

Others
Male

Female

New Visits
Revisits

- New Visits
- Revisits

277
195
472

31
17
48

2
_3
5

385 346
158 185
543 531

48
22
70

5

6

2
_2
4

42
12.
54

5
_2
7

_2
2

361 269 333
218 185 209
579 454 542

66
22
88

3
_2

41
17
58

11

u
2

_2
4

89
26

115

10

To
2

_5
7

3121

433

43

23_
4028
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6.3 CLINIC VISITS BY WORK CATEGORIES

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

AECL
Office of Vice-Pres.
& General Manager

Office of Dir., Res.

Office of Gen. Mgr.,
PA&O

Health Sciences

Chem. & Mat.

Physics

Office of Gen. Mgr.,
Comm. Ops.

AP&RP

Fuels & Materials

Special Projects

Elect. Inst. & Cont.

Quality Assurance

Finance

Info. Serv.

CREA

Administration

Operations

Plant Design

General Services

Maint. & Const.

Others
Crawley & McCracken
Attached Staff, etc.

1

1

_

29

27

30

3

9

36

21

10

—

11

5

3

12

28

23

32

28
309

6

—

—

—

—

—

—

—

—

—

—

1

—

—

20

23

—

37

204
285

2

—

2

26

22

40

2

7

53

21

11

4

21

7

—

10

27

28

32

20
335

10

—

—

—

—

—

«

—

—

—

6

—

—

10

22

—

88

223
349

—

2

24

20

25

5

10

39

23

10

—

17

10

—

10

23

23

31

31
303

10

—

~

—

—

—

—

—

—

—

2

—

—

38

14

—

75

222
351

2

_

33

25

35

5

16

69

27

15

5

24

10

2

17

36

23

23

32
399

12

—

_

—

—

—

—

—

—

—

—

3

—

—

33

23

—

50

222
331

—

1

26

13

23

2

14

38

29

8

—

19

7

—

21

22

23

25

18
289

17

—

_

—

—

—

—

—

—

—

—

3

—

—

28

9

—

47

196
283

—

2

48

20

40

1

26

47

36

22

1

30

13

2

17

34

48

39

25
451

21

—

_

—

—

—

—

—

—

—

—

9

—

—

16

22

—

52

168
367

3

3

7

186

127

193

18

82

282

157

76

10

146

52

7

232

283

168

531

1389
3952

76

4028

* ST refers to Staff
HR refers to Hourly Rate
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6.4 BREAKDOWN BY INTERNATIONAL CODE

Dec Jan Feb Mar Apr May TOTAL

Infectious and Parasitic Diseases 4 6 5 2 1 2 20

Neoplasms 2 2 2 1 — 1 8

Endocrine, Nutritional & Metabolic
Diseases, & Immunity Disorders 5 6 2 4 2 3 22

Diseases of the Blood & Blood-forming
Organs — — — — — — —

Mental Disorders — 6 7 7 3 11 34

Diseases of the Nervous System &
Sense Organs 64 38 39 59 74 62 336

Diseases of the Circulatory System 49 50 45 50 46 53 293

Diseases of the Respiratory System 122 189 123 209 113 114 870

Diseases of the Digestive System 33 24 42 32 26 25 182

Diseases of the Genitourinary System 7 8 9 1 3 6 34

Complications of Pregnancy, Childbirth
& the Puerperium — — — — — 1 1

Diseases of the Skin & Subcutaneous
Tissue 29 25 53 51 31 48 237

Diseases of the Musculoskeletal System
& Connective Tissue 37 45 31 34 30 23 200

Congenital Anomalies — — — — — — —

Conditions Originating in the
Perinatal Period —

Symptoms, Signs & Ill-defined
Conditions

Injury- & Poisoning

External & Internal Contamination

Factors Influencing Health St'atus
& Contact with Health Services

20

145

—

104

621

29

157

~

138

723

25

143

1

167

694

58

130

—

129

767

37

104

1

143

614

42

148

—

236

775

211

827

2

917

4194
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Dec Jan Feb Mar Apr May TOTAL

6.6

AECL
Male - Initial

- Repeat

Female - Initial
- Repeat

Others
Male - Initial

- Repeat

Female - Initial
- Repeat

2
—
2

—
—

2
—
~2

—
—

NON-OCCUPATIONAL ABSENTEEISM

Dec
*M

Office of VP —
& Gen. Mgr.

Off. of Dir., 3
Research

Off. of Dir., —
AR&D

Off. of Gen. —
Mgr., PA&O

Health Sci. 22

Chem. & Mat. 64%

Physics 83

Off. of Gen.
Mg r., Comm.
Ops.

AP&RP 25%

Fuels & Mat. 152%

Spec. Proj. 48

EI&C 30%

Qual. Assur. 6%

Finance 36
471% ]

F

2%

1

%

3%

14%

8

6%

5%

6%

15

5

4%

1

42
Llf;

Jan
M

__

7%

—

25%

28%

48

1

26

115%

23%

25

6%

27
334

F

1

—

—

—

22%

10%

20%

%

3%

7%

5

3%

—

53
127%

9
8
17

3
3

3
—

"3
__
—

3
—

2
1
3

3
2
5

—

Fee
M

—

4%

54

78

51

18

34%

141

26%

28%

18

28
482

F

2

%

—

14%

11%

18

—

8

16%

6

5

—

67
149

10
1

TT
4
1
5

9
—
~9

1
—

T

6
6
12

1
1

3
—
~3

—

Mar
M

1

1

31

69%

100%

—

22%

181%

41%

29%

5%

47

F

2%

2

—

1

13

11%

22%

1%

6

20

9

2

~

35
530% 126

38
21
59

30
26
56

9
1
10

3
—
~3

Apr
M

—

—

30%

84

74

3%

21%

143

21

45

4%

19
446

F

1

—

1%

—

* 14

8%

13%

—

7

13

6%

2

2

43%
112%

104

68

32

4
208

May
M F

1

20%

%

% 1%

30 6

48% 10

40% 16%

1 %

26 6

103% 24

42 3%

13% 1%

8 ~

15 41%
328% 133

Total

8

37

4

11

277%

433

494%

31%

193

933

237%

190%

52

454
3356%
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6.6 NON-OCCUPATIONAL ABSENTEEISM (continued)

Dec
*M F

Jan
M F

Feb
M F

Mar
M F

Apr
M F

May
M F Total

Total brought 471% 116 334 127% 482 149 5305s 126 446 1125s 328% 133 3356%
forward

Info. Serv.

CREA

Admin*

Operations

Plant Design

Gen. Serv.

5% 16 3% 23% 8% 21% 3 49%

— — 1 — 3 1% 6 3

23% 8 25% 16 32% 20 38% 39%

117% 17 139% 35% 124% 15% 108% 20

38% 12

92 24

59% 10 66% 18% 67 23

4% 13 6% 14% 169%

% l % 16%

5% 16 16% 12% 254

90 29 102 14% 813%

54% 23% 51 51 475

Main. & Con. 57% 4_

39% 60% 99

53 7 62

50 115% 33% 86 49% 45% 47% 742%

58 29 51% 61%
806 197 655% 280 878 285% 927 323% 738 247 612% 274 6224

* M refers to Male
F refers to Female

6.7 LABORATORY PROCEDURES

6.7.1 X-Ray Department

AECL
Male

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

Dec Jan Feb Mar Apr May

33
20
53

—

1

—

26
34
60

3
1

—

2
—
~2

—

17
26
43

. __

4
4

1
1

—

19
16
35

1
—

—
—

2
2

48
17
65

"2
2

"4

—

——

37
31
68

2
3
5

1
—

"T

—

TOTAL

324

19

2
349
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Total brought forward

6.7.2 Haematology

AECL

Male

Female

Others
Male

Female

6.7.3 Urine

AECL
Male

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

— Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

ec

83
6
89

6
3
9

—

—

—

Jan

85
13
98

13
4
17

11

IT

—

Feb

102
8

110

9
2
11

—

—

—

Mar

107
17
124

14
1
15

2

~2

1

~r

Apr

87
38
125

14
3
17

7

~7

3

~3

May

75
19
94

22
2
24

5

~5

—

—

81

8T

6
1
7

—

—

mmm

82
4
86

10
1
11

11

IT

—

96
6

102

8
1
9

—

—

—

Il
l

103
4

W

14

14"

2

~2

—Ill

85
20
105

13

13

5

~5

3

"I

72
18
90

20
1

21

5

~5

—

II!

349

TOTAL

640

93

25

1111

571

75

23

1783
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6.8 TOTAL HOSPITAL PROCEDURES

Audiometric Tests

Blood Pressures

Clinic Procedures

Electrocardiograms

Laboratory Procedures

Medical Examinations

Respiratory Function Tests

Dec

20

37

600

26

240

4

6
933

Jan

20

32

694

18

300

23

7
1094

Feb

54

51

664

19

280

11

26
1105

Mar

16

5

742

5

303

26

12
1109

Apr

58

24

589

15

347

16

48
1097

May

31

26

739

6

313

128

18
1261

TOTAL

199

175

4028

89

1783

208

117
6599



ISSN 0067 - 0367

To identify individual documents in the series

we have assigned an AECL- number to each.

Please refer to the AECL- number when re-

questing additional copies of this document

from

Scientific Document Distribution Office

Atomic Energy of Canada Limited

Chalk River, Ontario, Canada

KOJ 1J0

ISSN 0067 - 0367

Pour identifier les rapports individuels faisant

partie de cette serie nous avons assigne

un numero AECL- a chacun.

Veuillez faire mention du numero AECL- si

vous demandez d'autres exemplaires de ce

rapport

Service de Distribution des Documents Officiels

L'Energie Atomique du Canada Limitee

Chalk River, Ontario, Canada

KOJ 1J0

Price $7.00 per copy Prix $7.00 par exemplaire

ATOMIC ENERGY OF CANADA LIMITED, 1983

2764-83


