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1. HEALTH SCIENCE DIVISION SUMMARY

A.M. Marko

Health Physics

The decrease in the dose response of electrochemically-
etched CR-39 to fast neutrons as the energy is increased from 1.5
to 14 MeV has been investigated by carrying out charged particle
irradiations using the D(3He,p) He reaction. Protons of
various energies up to 14.1 MeV were produced using Al absorbers
and it was found that the etching procedure used does not reveal
protons with energy exceeding 5 MeV. Modified etching procedures
are being investigated.

Characteristics of gels saturated with superheated liquid
drops and their ability to develop stable gas bubbles after neutron
irradiation are under examination. Effects of gel stiffness,
external pressures both during and after irradiation and type of
saturating liquid are included in the study.

Calculations of quality factors for monoenergetic
neutrons and doses and dose equivalents in cylindrical tissue
phantoms have been completed.

A beta dose rate meter which may have up to one hundred-
fold increased sensitivity, depending upon amplifier component
selection, over that previously obtainable is being developed. The
improved sensitivity is realized by using a chopper-stabilized
amplifier. Calculations on attenuation of beta doses for normally
incident beta radiation, similar to those already made for point
and planar sources have been carried out.

The operation of the automatic TLD reader, in particular
the mechanical control of the heating anvil has been modified to
eliminate vibration of the raised anvil with the objective of
reducing mechanical wear of the dosimeters and the thermocouple
which monitors their temperature. Tests are in progress of
alternative arrangements for the mounting of TLDs on the dosimeter
plaques. The changes involve replacement of the self-adhesive
polyimide tape to which the TLDS are fixed with plain tape to which
is bonded a thin Teflon film. This change is expected to lead to
less accumulation of dirt on the dosimeters and thereby improve the
quality of measurements. Both LiF and MgB^O^Dy TLDs are being
tested in the new arrangement.

A prototype instrument is being constructed to
investigate the utility of flow modulation in tritium-in-air
monitors as a means of suppressing background interference effects.
This technique shows some promise for use in continuously operating
area monitors.

Development of the wide-range reactor stack effluent
monitor continues with the design of shielding for the noble gas
detectors, the filter assemblies for the iodine and particulate
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counters and the fast counting circuits needed by these counters
when operating at their maximum range.

Operational tests of dose distributions on workers
exposed in high gradient fields are in progress in cooperation with
the Radiation and Industrial Safety Branch. Selected workers
operating in the NRX reactor lower header rooms are provided with
four dosimeters to determine the range of doses at various points
on the body surface and, using a phantom, measurements of both
organ doses and effective dose equivalents will be made in the same
exposure situations.

Environmental Research

Our hydrological research has progressed in the areas of
lake mixing processes, groundwater discharge and, groundwater-
streamflow interconnections. A model - LEEM - (Lake Energy and
Evaporation Model) of one-dimensional vertical mixing of heat in
lakes has been developed and applied for the estimation of lake
evaporation. Initial tests also support use of the vertical mixing
routines in the code for studying dissolved substances in the water
column. A contract has been established to use airborne thermal
imagery to locate groundwater discharge points in the East Bull
Lake Area. The technique has been successfully applied elsewhere
to locate surface expressions of large, focussed discharged points.
The detection of smaller, poorly focussed discharge points, our
requirement, will be optimized by conducting the flight in early
Spring. A contract has been let to develop a digital model for
simulation of groundwater-streamflow interconnections. Current
models of groundwater discharge cannot readily account for observed
large transients in the rates of discharge to streams.

In our hydrogeochemical program, field measurements of
the ^ I distribution at the Tracer Test Site were completed.
Three distinct 3 I plumes with significantly different
transport velocities have been identified. These results highlight
the lateral continuity of even very small scale stratigraphic
features with differences in hydraulic conductivity. Such features
were not detected previously.

The influence of sediment-water interaction on the move-
ment of contaminants in surface waters has continued to be the
focus of our Aquatic Radioecology Program. We have shown that more
than 98% of the ^Fe in algae cells assimilated by clams ends
up as blodeposits in the sediments. Recycling of these radioactive
blodeposits is currently being studied. From measurements of

Cs in lake sediments and in the water column of seven lakes
near CRNL we have concluded that most of the Cs, arising
from atmospheric fallout, must have been flushed from the lakes.
Correlation of this data with hydrologic data will facilitate
modelling of changes in Cs concentration in the water
column of the lakes and the average net rate of Cs
sedimentation. The underlying assumption of a constant rate of
sedimentation is currently being tested.
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An annotated bibliography comprising more than 2,300
references on the cycling of radionuclides in plants has been
compiled and is currently being computerized for easy access.

Nuclear techniques have been applied further to an
analysis of borehole waters and for the measurement of pipe flows.
Analysis of Z 3 8 u / IT activity ratios in water from a
CRNL borehole are the highest observed to date in groundwaters of
the Canadian Shield. Correlation of this data with E H values and
uranium concentrations supports the hypothesis that alpha-recoil
processes provide the major portion of mobile uranium in deep
fractures. We successfully completed our first off-site fluid flow
measurements, using radiotracer techniques. A report detailing the
results has been prepared and submitted to the customer.

In our computer model development program data from four
extensive field studies is being used to address one of the major
uncertainties in our attempts to simulate radionuclide behaviour,
the scale dependence of transport parameters. The analytical scale
ranges from short term field columns to a large subsurface plume
that originated more than 20 years ago. Current efforts are aimed
at determining the scale dependence of dispersivity.

As part of a division wide effort to evaluate our current
knowledge base for tritium impact assessment we have tentatively
identified several deficiencies in our knowledge of environmental
pathways with respect to HT emissions. We are currently form-
ulating proposals to address these deficiencies.

Our ability to predict contaminant fluxes in the Perch
Lake Basin has been augmented as a result of the completion of a
comprehensive review and interpretaion of hydrologic data dating
back to 1969. The Perch Lake data fits very well to other observed
and published local and regional hydrologic behaviours. This
observation establishes; the credibility of the experimental data,
the validity of the assumptions introduced in its interpretation
and", our confidence in applying regional hydrologic data for
estimating the previous hydrologic behaviour of the Perch Lake
Basin.

Analysis of 1^C in the CRNL environment has indica-
ted elevated ^C concentrations in a small area close to the
reactor stack and in the vicinity of Disposal Area . The former
suggests localized leakage from the base of the stack or duct. The
latter presumably results from 1^C0 2 emanating from plastic
bags of waste awaiting burial.

We have recommended to the Low Level Waste Management
Office a series of actions for dealing with low level radioactive
wastes at Port Hope. These recommendations arose from our review
of the existing data on Port Hope and our classification of
contaminated materials into three categories on the basis of our
hydrogeochemical and assessment knowledge.



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.

Specific projects in this quarter have dealt with:
(1) Recombinant DNA to construct plasmids with multiple copies of a
viral gene. (2) Setting up of computerized equipment for reading
fluorescent samples and for high-performance liquid chromatography
(HPLC). (3) Detection of alkylated bases in human DNA using HPLC
and a monoclonal antibody. (4) Study of damage to DNA of human
and animal cells caused by hyperthermia, geotoxic chemicals, and
tumor promoters, using a fluorescent technique. (5) Comparison of
carcinogeneses in rats by HTO and by chronic and acute doses of
X-rays. (6) Genetic effects and cell killing in irradiated yeast
cells. (7) Review of literature related to hazards of exposure of
humans to low doses of ionizing radiation. (8) Progress towards
development of a rapid screening procedure for radiosensitive
individuals. (9) Exploration of the use of chronic vs. acute
irradition to detect radiosensitive human cell strains more
readily.

Biomedical Research

The necessary calibrations of equipment and standardiz-
ations of materials used in the study of metal ion-amlno acid
complexes is nearing completion. The nickel-glycine system is
being studied in conjunction with this standardization work, and
the robustness of the computer programs is also being tested. It
is anticipated that this work will be completed shortly, at which
time a study of the uranium-glycine system will be initiated.

The work of assembling data bases for internal dosimetry
calculations, and in developing computer codes to do these
calculations efficiently and accurately is progressing well. In
general, these codes have two objectives. The first of these is to
allow us to produce dosimetry results for large sets of radio-
nuclides using standard models and model parameters, such as is
done in AECL-7919, and for an IAEA report that is in preparation.
The computer codes and data bases are organized so that any changes
in such things as the recommended dose limits, weighting factors,
or model parameters can be Incorporated and new sets of results
produced with a minimum of effort. The second objective of these
codes is the evaluation of specific contamination cases. Monitor-
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Ing results can be compared to computer model results and by
adjusting models and model parameters the dose to an Individual can
be more accurately estimated and a better understanding of radio-
nuclide metabolism obtained*
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1.1 VERBAL PRESENTATIONS

Health Sciences Division Panel - presentation to Saskatchewan
Speakers Group, CRNL, 1982 February 18.

Head Canadian Delegation to the United Nations Scientific Committee
on the Effects of Atomic Radiation Meeting, Vienna, 1982 March
15-26.

Presentation to the R&D Program Committee, "Underlying Research -
CRNL Biology", CRNL, 1982 June 14.

Presentation to Mr. Murray Duncan, Atomic Energy Control Board -
"Radiological Protection", CRNL, 1982 July 16.

Presentation to 24th Annual Radiation Protection Course, "Radiation
Risks and Standards", CRNL, 1982 September 20-24.

Hosted AECL Medical Officers Meeting, presentation "Activities of
the Health Sciences Division", CRNL, 1982 October 14.

Presentation to Refresher Course, Environmental Epidemiology
(EPIC *82), University of Ottawa Medical Students, "Historical
Review of Radiation Protection", Ottawa, 1982 November 01.

Hosted Renfrew County Media Briefing, CRNL, 1982 November 25.
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2. HEALTH PHYSICS BRANCH

by

G. Cowper

2.1 Staff

2.2 Neutron Dosimetry

2.2.1 Background and Neutron Response of Electrocheinically-Etched
CR-39

2.2.2 The Response of Electrochemically-Etched CR-39 to
Monoenergetic Protons

2.2.3 Measurement of Leakage Neutrons from a D2O Sphere
2.2.4 Behaviour of Bubbles In Gels
2.2.5 Shielding for the ZEBRA Target
2.2.6 Quality Factors for Monoenergetic Neutrons
2.2.7 Calculation of Dose and Dose Equivalents in a Cylindrical

Tissue Phantom

2.3 Beta Radiation Dosimetry

2.3.1 Beta Dose Attenuation for Normal Incidence
2.3.2 Compendium of Beta Ray Spectra
2.3.3 Beta Dose Rate Meter AEP-5337 and AEP-5337A

2.4 Thermoluminescent Dosimetry

2.4.1 Automatic TLD Reader AEP-5256B
2.4.2 Development of New Dosimeter Plaques

2.5 Tritium Monitoring

2.5.1 HTO Measurements by a Flow Modulation Technique
2.5.2 Portable Noble Gas Compensated Tritium Monitor, AEP-5351
2.5.3 Nafion-Based HT/HTO-in-Air Monitor
2.5.4 HTO-in-Air Measurements Using a Gas Syringe
2.5.5 Portable Tritium Monitor, AEP-5321

2.6 Stack Effluent Monitor

2.6.1 Processor/Controller
2.6.2 Noble-Gas Detector

2.6.3 Particulate and Iodine Detectors (Stack Effluent Monitor)

2.7 Personnel Dosimetry

2.8 Dosimetry of Long-Term 60Co y-Irradiation of Rats

2.9 Linearity Measurements of Ontario Hydro Gamma Survey Meter
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2.10 Radiation Dose Monitoring

2.10.1 Radiation Dose Recording
2.10.2 Body Radiation Doses
2.10.3 Hand Radiation Doses

2.11 Publications
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2.2 NEUTRON DOSIMETRY

2.2.1 Background and Neutron Response of Electrochemically-
Etched CR-39
W.G. Cross, A. Arneja and H. Ing

Following the observation that high background track
densities in CR-39 were alpha particles probably produced
by radon daughters, that penetrated the plastic layer
protecting the surface1, we suggested to the manufacturer
that the thickness of this protective layer be increased.
We have now measured the background in CR-39 supplied
in this way and find about 5 tracks/cm2 for the total
background on both sides of a sheet - several times
smaller than the backgrounds observed previously.

Coincidentally the new CR-39 has been found to have
twice as high a sensitivity for 2.8 MeV neutrons, and
1.5 times as high for 14 HeV neutrons, as the original
material. At 2.8 MeV the observed density of electro-
chemically-etched tracks is now about 80% of the
theoretical track density.

2.2.2 The Response of Electrochemically-Etched CR-39 to
Monoenergetic Protons
W.G. Cross, A. Arneja and H. Ing

In previous work (PR-HS-12) the measured sensitivity
of electrochemically-etched (ECE) CR-39 to fast neutrons
(in tracks-cm~2.mrem"1) was found to decrease by a factor
of about 10 when the neutron energy was increased from
1.5 to 14 MeV. Since the calculated track density increases
slightly over this energy range, most of the tracks
produced by 14 MeV neutrons are not being recorded. In
an attempt to understand this, we are studying the response
of ECE CR-39 to monoenergetic protons of 2 to 14 MeV.

Protons of 14.1 MeV are produced by the D(3He,p)'*He
reaction. A D-Ti target is bombarded by 150-keV He ions
and the emitted protons are reduced in energy by Al absorbers
of various thicknesses. Preliminary results indicate that
our normal 16-hour chemical etching at 60°C is not sufficient
to reveal normally-incident protons with energies above
5 MeV. Higher temperatures and longer etching times are
being investigated.

1 W.G. Cross and H. Ing, "Background and Neutron Response of Electrochemically
Etched CR-39", in Ninth DOE Workshop on Personnel Neutron Dosimetry,
Pacific Northwest Laboratory, Report PNL-SA-10714-1983.
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2.2.3 Measurement of Leakage Neutrons from a D2O Sphere
H. Ing and W.G. Cross

Spectral measurements have been made in order to
test the calculations (PR-HS-11) made on the D20 assembly
which is used by the U.S. Department of Energy1 and
members of the International Standards Organization2 for
calibrating personal neutron dosimeters. The .measurements
were made with our NE-213 scintillation spectrometer and
our system of hydrogeneous proportional counters on a
22-cm radius D2O sphere containing a Z5zCf source at the
centre, of nominal strength 2.4 x 108 n/s.

The spectrum was measured from 50 keV to 10 MeV.
The qualitative features of the spectrum are consistent
with the theoretical spectrum, obtained by interpolating
our results3 for D20 spheres of radii 20 and 30 cm. The
measured absolute fluence in the energy region above
1 MeV agrees to within 7% with the calculated value for
an 80 cm source-to-detector distance. However, the
measured fluences below 1 MeV are lower than predicted
by theory - diverging with decreasing energy so that at
50 keV, the measured fluence is low by about 40% and
this discrepancy requires further investigation. However,
in spite of this discrepancy the dose equivalent calculated
from the measured spectrum agrees with the theoretical value
to within 10%.

2.2.4 Behaviour of Bubbles in Gels
H. Ing and H.C. Birnboim

It was found (PR-HS-13) that the bubbles formed by
neutron irradiation in Freon-loaded gels diffuse and
coalesce to form irregular shapes about a week after
irradiation. This process depends upon the concentration

1 R.B. Schwartz and C M . Eisenhauer, "Procedure for Calibrating Neutron
Personnel Dosimeters", NBS Special Publication 633 (1982).

2 P. Champlong et al., "Neutron Reference Radiations for Calibrating
Neutron Measuring Devices Used for Radiation Protection Purposes and
for Determining their Response as a Function of Neutron Energy", in
Proc. Fourth Symp. on Neutron Dosimetry, G.S.F. Munich, Neuherberg,
EUR7448, Vol. 1 (1981), p. 387.

3 H. Ing and W.G. Cross. Health Phys. 32 (1977) 351.
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of liquid drops suspended in the gel. It has been found
that a gel containing a homogeneous dispersion of Freon-12
droplets about 25 ym diameter produces bubbles which
coalesce faster but otherwise have a good dynamic range
of dose response. For practical dosimetry it is desirable
to have bubbles which are stable over periods of weeks.

To this end, tests have been made with stiffer gels
but stiffness does not seem to affect bubble behaviour.
The sensitivity of the stiff gel is substantially lower
than that found for soft gels (0.6 vs 10 bubbles per mrem).
Good linearity of response has bean found over the dose
equivalent range from 10 to 100 mrem. The effect of
pressure in a gel has been examined and Freon-12 gels
were found to be neutron sensitive only if the pressure
was less than about 350 kPa. At this pressure, bubbles
were about 250 ym diameter within a few minutes of
irradiation but within 24 hours had grown to 1000 ym at
which point some bubbles had obviously coalesced. Thus
even at the maximum pressure at which bubbles may be
formed they are not stable. However, if the pressure
is increased to about 450 kPa directly after irradiation
bubble growth is retarded and diameters of 1000 pm are
not evident until about 10 days after their formation.
The characteristics of a gel loaded with Freon-114, which
has a higher boiling point than Freon-12 are now being
examined and first samples indicate that neutron-induced
bubbles In this material may have improved stability.

2.2.5 Shielding for the ZEBRA Target
W.G. Cross

At the request of the Accelerator Physics Branch,
estimates have been made of the thickness of concrete
needed to shield against neutron and gamma radiation
from the target of the proposed ZEBRA accelerator.
The carbon target is assumed to be bombarded by
300 mA of 10 MeV protons and the calculated unshielded
DE rate of neutrons, at 0° to the beam and 4.5 m from
the target is about 2000 rem/h (20 Sv/h). The neutron
spectrum (estimated from measurements of Borchers et al,
Nucl. Inst. Meth. 30 (1964) 73) peaks at about 4 MeV
and is roughly similar to a Pu-Be spectrum. A thickness
of 180 cm of ordinary concrete was calculated to reduce
the DE rate from neutrons to 0.15 mrem/h and that from
neutron-generated gamma rays to 0.87 mrem/h. To reduce
the 4.4 MeV gamma dose equivalent rate to 0.28 mrem/h
a concrete thickness of 180 cm would be needed. Thus
the required shielding is determined by gamma radiation
rather than by neutrons. Local lead or iron shielding
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(about 15 cm Pb or 30 cm Fe) close to the target, in
combination with a concrete wall 180-200 cm thick,
would provide a cheaper means of obtaining the necessary
gamma attenuation.

2.2.6 Quality Factors for Monoenergetic Neutrons
W. G. Cross and H. Ing

Calculations of quality factors for first interactions
of monoenergetic neutrons in tissue (PR-HS-14) have been
completed and a manuscript on this work has been prepared.

2.2.7 Calculation of Dose and Dose Equivalents in a Cylindrical
Tissue Phantom
W.6. Cross, H. Ing and N.O. Freedman

Monte Carlo calculations of doses and dose equivalents,
produced by monoenergetic neutrons of energies from
0.1 eV to 14.7 MeV, incident normally on a cylindrical tissue
phantom, have been described in previous reports (PR-HS-7,8).
These calculations have been completed and a manuscript
is in preparation.

2.3 BETA RADIATION DOSIMETRY

2.3.1 Beta Dose Attenuation for Normal Incidence
W.G. Cross, H. Ing and N.O. Freedman

Calculations have been made previously1 of the attenuation
of beta dose in infinite media of air and water, for isotropic
point and plane beta sources. Similar attenuation calculations
have now been made for beta particles incident normally on a
plane in an infinite water medium, for the same 99 beta spectra
used previously. As before they are based on Spencer's tables
of dose distributions for monoenergetic electrons.

2.3.2 Compendium of Beta Ray Spectra
W.G. Cross, H. Ing and N.O. Freedman

A paper describing this work (PR-HS-14) has been
submitted for publication.

i W.G. Cross, H. Ing, N.O. Freedman and J. Mainville, "Tables of Beta-
Ray Dose Distributions in Water, Air and Other Media", AECL-7617, AECL.



- 14 -

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

The High Range Beta Dose Rate Meter AEP-5337
(10-200,000 mGy/h; 1-20 krad/h) has been field tested
by Ontario Hydro. They have indicated an interest in
an instrument having a range lower by one decade, i.e.,
1-20,000 mGy/h. We have an additional requirement for
an instrument having two decades greater sensitivity,
I.e., 0.1-2000 mGy/h. Both of these requirements may
be met by a modified design which differs only in minor
component details and such a development is proceeding.
This instrument will use the same detector and mechanical
features of the original design but will incorporate a
chopper-stabilized amplifier to achieve adequate stability
at the lower dose rates.

2.4 THERMOLUMINESCENCE DOSIMETRY
A.R. Jones

2.4.1 Automatic TLD Reader AEP-5256B

The reader has been assembled and preparation of a
manual is in progress. The program which causes the
anvil to rise has been changed and a spring has been
added to the raising mechanism. Now, the train of
pulses to the stepping motor used to raise the anvil
is stopped after the anvil has risen so that vibrations
from the anvil are eliminated. This modification is
expected to reduce wear and tear on the dosimeters and
their monitoring thermocouple.

2.4.2 Development of New Dosimeter Plaques

The feasibility of using a thin film of teflon to
bond TLDs to the polyimide film carrying the TLDs on
the dosimeter plaque is being examined. This modification
will eliminate the need for an adhesive coating on the
polyimide, a feature which necessitated the coating of
adhesive, left exposed after adding the TLD, with graphite
powder to suppress the accumulation of thermoluminescent
contaminants. In the case of LiF TLDs, there is one layer
of teflon on the polyimide to which the dosimeter is bonded
and in the case of MgBifO?:Dy TLDs, a second layer of teflon
covering the upper surface of the TLD is required. Plaques
so assembled with various combinations of both TLDs are
being tested to determine operating life and reproducibility
of estimates at both high and low doses.
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2.5 TRITIUM MONITORING

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

Construction of a prototype HTO-in-air monitor
to demonstrate the utility of the flow modulation
technique is planned and some design details have been
settled.

Silica gel columns will be used to strip HTO (but
not noble gases) from the sample flow to provide a
"clean" flow, using two columns; while one is in use,
the other will be purged. The columns have been designed
and constructed.

A single electrometer will measure the difference
in current between the two ion chambers. A commercially
available electrometer module will be tested but if it is
not appropriate, the electrometer from the AEP-5321 will
be modified to provide a double-sided output. In either
case, the analog output will be converted to a frequency
before further processing by a microprocessor-based
control unit.

2.5.2 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 noble gas (and other radioactive gases)
compensation. In the AEP-5351 an air sample flows through
a first ion chamber, which generates a current due to HTO,
noble gases and gamma radiation. The sample then flows
through a vial of silica-gel in which the HTO is captured.
The remaining sample then flows through a second ion chamber
generating a compensating current.

Some preliminary tests have been performed on a
prototype AEP-5351. These experiments show that a vial
containing about 20 mL of dry silica-gel will last more
than 4 hours for dew points less than 10°C. Experiments
at higher dew points are underway. The design concept
of the AEP-5351 appears to be sound.

2.5.3 Nafion-Based HT/HTO-in-Air Monitor
R.G.C. McElroy and R.A. Surette

The operation of the prototype AEP-5336 during this
quarter was interrupted by the plugging of a solenoid
valve at the sample input although the input air filter
was changed regularly.
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The proposal to the Canadian Fusion Fuels Technology
Project (CFFTP) to produce three fully engineered versions
of this monitor has been accepted and funding approved for
the first phase of the program to carry out a design review
and a detailed evaluation of the present prototype monitor
as well as the identification and testing of possible
improvements with respect to CFFTP and CRNL requirements.
This project is being carried out in co-operation with
Electronics Branch.

Several experiments have been carried out related to
this development.

Previous experiments on the variation of the permeation
rate of HTO-in-air, through Nafion, as a function of humidity
were inconclusive. More measurements have been made and
it may be concluded that, at room temperature, permeation
rate is proportional to the water content of the air.

A single measurement of the permeation rate of HTO-in-air,
through Nafion with 40°C air of 10°C dew point indicated a
very low rate. Further experiments on the temperature variation
of the permeation rate are desirable but appropriate facilities
for these measurements are not at present available.

The desirability of humidifying the sample flow in a
Nafion based HTO monitor is indicated. Various schemes
have been examined but a simple method which would not
result in a very long time constant or dilution of the sample
has not yet been identified.

2.5.4 HTO-in-Air Measurements Using a Gas Syringe
R.A. Surette and R.G.C. McElroy

We investigated the utility of using a gas syringe
for sampling HTO-in-air which has been used by Ontario Hydro.
Such a syringe allows the controlled bubbling of a known
volume of air directly into a liquid scintillator. The
method allows a quick determination of HTO-in-air in the
concentration range of 1 to 1000 (MPC)a with a reproducibility
of ±5%. The overall efficiency of the method was
approximately 30% when 10 mL was bubbled through 10 mL of
Beckman "Ready-Solv HP" liquid scintillator. A slightly
higher efficiency can be obtained if the scintillator is
pre-loaded with water. The sample must be expelled slowly
and care taken to ensure that memory effects in the syringe
do not cause cross-contamination of measurements.
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2.5.5 Portable Tritium Monitor, AEP-5321
R.G.C. McKlroy and M.J. Wood

We previously derived the electronic temperature
dependence of the AEP-5321 to be ^-0.5%f°C. The source
of this dependence was suspected to be the temperature
coefficient of the feedback resistor in the instrument's
electrometer. The temperature dependence of two randomly
selected feedback resistors was measured, and found to be
consistent with the previously determined temperature
coefficient of -0.5%/°C. We are now carrying out
temperature tests on the entire electronic package, of
the AEP-5321 while installed in the instrument.

2.6 STACK EFFLUENT MONITOR
A.R. Jones and R.M. Holford

2.6.1 Processor/Controller

Two meetings have been held with representatives of
Sonotek Ltd. who have now produced a design specification
meeting our requirements.

2.6.2 Noble-Gas Detector

The high voltage and pulse shaping circuits have been
constructed.

A critical factor in the design of the shielding is
the relationship between the dose rate at the detector
from a cloud containing the total release and the dose
rate at the detector from the very small sample of the
effluent which passes through the sample chamber.
Sufficient shielding is required so that the signal from
the former will be trivial in comparison with the latter
for otherwise the monitor would appear to indicate a
continuing release when it was only responding to the
radiation source already released.

2.6.3 Particulate and Iodine Detectors (Stack Effluent Monitor)

The filter media for both the particulate and iodine
detectors are to be mounted in circular plastic rims for
ease of handling. Trial samples for the particulate
detectors, using type GFA fibre-glass filter medium,
were not satisfactory, as the material was too fragile.
An alternative particulate medium, a nylon-reinforced
membrane 'filter, was obtained and trial samples of
this mounted in the plastic rims have now been received
for evaluation.
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A possible supplier has been identified for the
robot arm to be used for changing these filtration
disc assemblies.

The pre-amplifier for the particulate detectors
was subjected to extensive testing using a high frequency
(400 MHz) oscilloscope. As a result, further modification
to the circuit was found to be desirable and a new design
is currently at the drafting stage. In this version a
critically-damped tuned circuit is used to produce a
well-defined pulse shape with a width of less than 10 ns.
Improvements have also been made in the layout of the
circuit and photomultiplier tube base to improve
impedance matching.

2.7 PERSONNEL DOSIMETRY
A.R. Jones

A study of the variation of dosimeter reading with
the location of the dosimeter on the body is being carried
out in cooperation with Radiation & Industrial Safety
Branch on a group of workers who are exposed during work
in the lower header room of the NRX reactor.

Workers are provided with four dosimeter pairs,
colour-coded according to wearing position. (The
highest dose received will be recorded in the individual
dose record).

At the same time a series of measurements are being
made, using a phantom, both of organ doses and effective
dose equivalent in terms of the exposure at the dosimeter
site in various working situations.

The purposes of these studies are (1) to obtain an
estimate of the difference between the dose equivalent
assigned and that absorbed by the workers in an area
known for its non-uniform radiation and (2) to determine
if this difference can be reduced by appropriate dosimeter
positioning or by using dosimeters at two locations.

2.8 DOSIMETRY OF LONG-TERM 60Co y-IRRADIATION OF RATS
A.R. Jones

The exposure rates of an attenuated 60Co y-ray beam
incident on caged rats have been measured used in a chronic
irradiation experiment. The entrance and exit exposure
rates over an array of cages have been measured and the
absorbed doses of the rats have been estimated by making
allowance for attenuation of the radiation in the rats.
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The output of a beam monitor is recorded so that
the doses received during exposure of the source may be
verified.

2.9 LINEARITY MEASUREMENTS OF ONTARIO HYDRO GAMMA SURVEY METER
A.R. Jones

Tests have been carried out for Ontario Hydro of a
gamma survey meter designed to their specifications by a
commercial developer. In particular, after setting up

the instrument according to the manufacturer's instructions
the output was measured at specified exposure rates from
1 mR/h - 50 R/h. A test report has been submitted to
Ontario Hydro.

2.10 RADIATION DOSE MONITORING

2.10.1 Radiation Dose Recording
R.M. Holford

In December 1982 WNRE introduced a 5-digit employee
number code for general use. At the same time they assumed
responsibility for the calculations involved in calibrating
the data produced by their TLD readers. CRNL is now
provided with a file of processed dose readings ready for
entry into the company-wide data-base for Radiation Dose
Records.

These changes involved some minor alterations in the
data-base updating programs, which were carried out by
the Mathematics & Computation Branch. An upgrading of the
software language from Cobol-4 to Cobol-5 was required,
and corresponding changes will be needed in the report-
writing programs.

2.10.2 Body Radiation Doses
R.M. Rondeau and J.M. Vincent

Since the last report (PR-HS-13) there have been two
whole-body radiation doses exceeding the 600-mrem two-weekly
administrative control limit, no skin dose exceeding the
1600-mrem two-weekly administrative control limit and two
extremity doses exceeding the 4-rem two-weekly administrative
control limit.

In the fourteen-week period ending 24 December 1982
and in the calendar year to this date there were the
following distributions of radiation doses.
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CRNL - Whole-Body Dose

Dose Range
rem

•

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

365
2423
88
12
0
0
0
0

. 0

Total
Dose
(rem)

0
134.28
57.39
13.96
0
0
0
0
0

71 mrem

82 mrem

Calendar

No. of
monitored
persons

43
2434
153
98
78
42
15
18
7

286

290

Year

Total
Dose
(rem)

0
240.39
107.10
122.62
135.86
93.94
41.00
59.53
25.38

mrem

mrem
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Radlochemical Company - Whole-Body Dose

Dose Range
rein

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

215
193
2
1
0

Total
Dose
(rem)

0
11.63
1.51
1.02
0

34 mrem

72 mrem

Calendar Year

No. of
monitored
persons

122
268
15
5
1

Total
Dose
(rem)

0
24.67
10.10
5.53
1.89

103 mrem

146 mrem
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CRNL - Skin Dose

Dose Range
rem

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.99
3.00 - 3.49
3.50 - 3.99
4.00 - 4.49

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

365
2399
106
17

r
0
0
0
0
0

77

88

Total
Dose
(rem)

0
130.22
69.49
20.75
1.94
0
0
0
0
0

mrem

mreis

Calendai

No. of
monitored
persons

43
2402
166
97
75
53
16
19
12
5

309

314

Year

Total .
Dose
(rem)

0
233.08
116.51
123.64
131.08
117.29
43.87
61.64
44.53
21.29

mrem

mrem
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Radiochemieal Company - Skin Dose

Dose Range
rem

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.99
3.00 - 3.49
3.50 - 3.99
4.00 - 4.49

7.00 - 7.49

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

215
189
7
9
0
0
0
0
0
0

0

Total
Dose
(rem)

0
13.49
6.00
0
0
0
0
0
0
0

0

47 mrem

99 mrem

Calendar Year

No. of
monitored
persons

122
250
23
8
4
0
2
0
0
1

1

Total
Dose
(rem)

0
26.84
15.69
9.59
6.83
0
5.78
0
0
4.44

7.12

186 mrem

264 mrem
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2.10.3 Hand Radiation Doses
J.M. Vincent and R.M. Rondeau

In the fourteen-week period ending 25 December 1982
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
5.00 - 5.99
6.00 - 6.99

17.00 - 17.99

19.00 - 19.99

30.00 - 30.99

CRNL
Fourteen
Weeks

71
3
0
0
0
0
0

0

0

0

Calendar
Year

204
16
7
2
1
0
1

0

1

0

Radiochemical
Fourteen
Weeks

25
2
0
1
0
0
0

1

0

0

Company
Calendar
Year

28
6
5
2
5
2
0

0

0

1

2.11 PUBLICATIONS

W.G. Cross, H. Ing and N. Freedman, "A Short Atlas of Beta-
Ray Spectra", to be published in Physics in Medicine and
Biology.

G.P. van der Schans, H.C. Paterson and W.G. Cross,
"DNA Strand Breakage and Rejoining in Cultural Human
Fibroflasts Exposed to Fast Neutrons", to be published
in Radiation Research.
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3. ENVIRONMENTAL RESEARCH BRANCH
by

R.V. Osborne

3.1 STAFF

3.2 INTRODUCTION

3.3 ENVIRONMENTAL RESEARCH
3.3.1 HYDROLOGY '

Lake Energy Budgets and Lake Mixing Processes
Connection of Groundwaters in Bedrock to Shield Lakes

Maskinonge Lake Project
East Bull Lake Project

Groundwater/Streamflow Relationships
3.3.2 HYDROGEOCHEMISTRY

Downhole Column Tests with Long-Lived Radionuclides
Speciation of Trace Metals
Tracer Test Site
Trace Metals in Organic Fractions of Perch Lake Sediments
Particulate or Colloidal Transport of Radionuclides
Organic Contaminant Migration in Groundwater Discharges

3.3.3 AQUATIC RADIOECOLOGY
Uptake of Radionuclides by Freshwater Clams
Nuclide Concentrations in Freshwaters
Recycling of Radionuclides in Lake Ecosystems
Radionuclide Cycling in Plants

3.3.4 APPLICATION OF NUCLEAR TECHNIQUES
23*U/238U Activity Ratios
Flow Measurements using Radiotracers

3.3.5 APPLICATION OF NUCLEAR FACILITIES
Aquaculture of Freshwater Organisms
Thermal Enhanced Plume Rise

3.4 ASSESSMENT
3.4.1 MODELLING

Tritium Research and Tritium Impact Assessment
Dispersion of Accidental Releases of Radionuclides to the

Atmosphere at CRNL
Computer Model Development

3H and 85Sr Behaviour in Short "Field Columns"
NaCl Tracer Site Plume
1 3 1I Tracer Site Plume
Nitrate Plant Plume

Deriving Release Limits
Development of Water Quality Criteria for the Aquatic

Environment
Uranium Mill Tailings Management
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3.4.2 SITE STUDIES
Port Hope Low Level Wastes
Perch Lake Basin Studies

Contaminant Movement
Perch Lake Swamp Field Studies
Water Budgets and Basin Chemistry Analyses

Nitrate Plant Plume
Tritium in Streams near CRNL
Reactor 1*c in the CRNL Environment
NHRI Flow Study in Fractured Rock at Chalk River
Gloucester Landfill Site

3.5 ANALYSIS AND MONITORING
3.5.1 INSTRUMENTS AND METHODS

Zeeman Atomic Absorption Spectroscopy
Ion Chromatography

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

3.5.3 MONITORING PROGRAMS AND SERVICES
Air Pollution Monitoring Station at CRNL
Hydrological Data at Perch Lake
CRNL Climatological Report
Meteorological Support of Hybrid-Heating Experiment
Contamination and Leakage Investigations

Storm Sewers
Microbial Analysis of Distilled Water

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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3.1 STAFF

Branch Head - R.V. Osborne

Secretarial Staff - E.P. Ryan
L.M, Hurtubise (reported December 2)

Scientific Staff

Technical Staff

Co-Op Students

- P.J. Barry
R.M. Brown
D.R. Champ*
E.L. Cooper
R.J. Cornett

- F.C. Brown
L.Ä. Chant
D.E. Clegg
A.E. Docherty
S-R. Gentner
P.C. Jay
J.M. Judd

6. Lahaie

- C. Paniconi -

R.W.D. Killey
D.R. Lee
J.W. McMahon
G.L. Moltyaner

E. Robertson

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

Mask
McLaughlin
Munch
Ris to
Welch
Wildsmith
Workman
Young

Dec. 23)
K. Cundari - Canadore College (terminated Dec. 7)

Attached Staff
(Full Time)

Attached Staff
(Part Time)

K.J. Inch

G.M. Milton

S. Winters

R.E. Jackson

A.G. Price

L.A. Barrie

M.R. Bowron

L.M. Johnston

National Hydrological Research
Institute, Environment Canada
Department of Earth Sciences
university of Waterloo
Department of Earth Sciences
University of Waterloo

National Hydrological Research
Institute, Environment Canada
Department of Geography
University of Toronto
Atmospheric Environment Service
Environment Canada (left Oct. 15)
National Hydrological Research
Institute, Environment Canada
National Hydrological Research
Institute, Environment Canada

Editor of Current Progress Report
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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 Research, Assessment, and Analysis and
Monitoring.

In the Environmental Research 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 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 CRN1,

- 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 and the activities of the Branch in
other monitoring programs are noted.

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

3.3.1 HYDROLOGY

Lake Energy Budgets and Lake Mixing Processes - P.J. Barry,,
E. Robertson, F. Brown

A model of one dimensional vertical mixing of heat in lakes
has been described and parameterized. A computer code - LEEM -
(Lake Energy and Evaporation Model) is available and a User's Guide
is in the final stages of preparation for publication as an AECL
report. The computer code requires, as input, data available from
routine weather observation stations, i.e., daily averages of wind
speed, air temperature, relative humidity and sunshine records, and
initial vertical temperatures in the lake. This latter is
conveniently approximated by taking it to be a uniform 4° C within
a few days of the breakup of the winter ice cover.

While the model has so far been applied only as an operational
tool for the estimation of lake evaporation, the vertical mixing
routines are equally applicable to dissolved substances in the
water column. One such application has been tried on an
experimental lake with encouraging results and this work will
continue. Additional routines will need to be added for dissolved
substances that react chemically in the water column or with the
lake sediments.

Connection of Groundwaters in Bedrock to Shield Lakes - D.R. Lee
and S.J. Welch

Maskinonae Lake Project

During the last quarter, three boreholes (CR18, 19 and 20)
were tested for hydraulic conductivity and three boreholes (CR18,
19 and 22) were instrumented with packer/standpipe assemblies. Due
to adverse weather conditions only part of CR19 was sampled for
water chemistry. Detailed chemical work for all boreholes is
planned in the Spring. Some chemical work is being done by G.
Milton and is reported in this progress report.

Relatively high permeabilities (10~3 to 10~6 cm^s"1)
were observed in the boreholes drilled into subvertical fracture
zones on the west side of Maskinonge Lake. CR19 and CR21 have
hydraulic-head levels slightly above the lake level and CR18 head
conditions are close to lake level. After the wellhead-elevations
are surveyed, we will know the directions of potential flow at the
borehole sites and can design our winter sampling of lake waters
and sediments. Borehole-packers for CR21 have been constructed and
will be installed when lake-ice and weather conditions permit.
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East Bull Lake Projeot

We are planning to use airborne thermal imagery to locate
groundwater discharge points over a 200 km^ research area early
next Spring. Contracts have been established at the Ontario Centre
for Remote Sensing (Toronto) and at Intertech Remote Sensing Ltd.
(Ottawa).

Thermal imagery has been used successfully to locate surface
expressions of large, focussed discharge points on two areas in
southern Ontario. We anticipate that the technique can be used at
East Bull Lake for the same purpose. But usefulness in the
Canadian High Level Waste Management Program will require the
detection of smaller, poorly focussed discharge points on the
Shield. Thermal images taken in October at East Bull Lake did not
reveal even the single large springs identified on the ground. The
October flight, designed as it was for general geology and not
hydrogeology, was conducted when surface waters and groundwaters
were at approximately the same temperature (6 to 8° C). A second
flight is being carefully planned for early Spring when surface
waters are in the range 0 to 2° C except where influenced by warmer
groundwaters. Although not necessarily of general application for
locating discharges, this technique shows promise where groundwater
discharge influences surface temperatures on water and land.

Groundwater-Streamflow Relationships - R.W.D. Killey

Current models of groundwater discharge cannot readily account
for the large observed transients in the rates of discharge to
streams. Since such variations in groundwater discharge may have
significant effects on the fluxes of contaminants from buried waste
to surface water, a contract has been let to members of the
Department of Earth Sciences, University of Waterloo, to develop a
digital model for simulation of these groundwater-streamflow
transients. Limited field studies will also be undertaken as part
of the contract to collect test data.

Field studies began during November. A.S. Abdul, University
of Waterloo, installed an array of shallow piezometers adjacent to
the East Swamp Stream and collected detailed hydraulic head data
during and after a large rainfall. The analysis of these results
is now in progress.

3.3.2. HYDROGEOCHEMISTRY

Downhole Column Tests with Long-Lived Radionuclides - R.W.D. Killey
and J.H. Munch

One proposed contribution to the Nuclear Fuel Waste Management
Program (NFWMP) is to study the behaviour of radionuclides such as
Tc and Np using downhole column techniques developed by D.R. Champ
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and J.L. Young. The suggested experiments would be performed in
the field at CRNL, using overburden materials and associated
groundwater in areas where bedrock groundwaters are migrating
towards a point of surface discharge through overlying
unconsolidated material: one area where chemical and isotopic data
indicate that this is happening has been identified, and a
continuously-cored borehole was drilled to refusal. At the
drilling location, no sands suitable for use in undisturbed core
columns were found. Other data in the area indicate that local
deposits of suitable sand are probably present, and more extensive
drilling will begin early in the New Year.

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

During the past quarter the experimental conditions were
established for the separation of dissolved metal species in
groundwater samples by High Performance Liquid Chromatography
(HPLC). This work follows up on previous developmental work by R.
Cassidy of the General Chemistry Branch. In our studies ion pair
reverse phase chromatography (RPC) was found to be superior to a
permanently bonded reverse phase separator column. Several
different ion pair reagents were tested, with appropriate reagent
and buffer concentrations being established for each. An octane
S03~ Na ion pair reagent (10 mM in 45 mM tartaric acid at
pH ̂ 3.2) yielded the best results. Metals eluted from the HPLC
column were detected spectrophotometrically using a metallochromic
indicator 4-(2-pyridylazo) resorcinol (PAR). Metals were separated
on an Altex ULTRASPHERE column (5pm, 25 cm x 4.6 mm) and then
detected using 0.4 mM PAR in 3 M NH4OH, 1M CH3C00H at one-half
column flow rate to achieve the colour reaction.

Results to date have shown that the system discriminates
between the valence states of certain elements (e.g., Fe) and that
the elements Fe, Cu, Ni, Zn, Co, and Pb can be separated and
detected. The identification of other separated species has not
yet been completed due to mechanical problems with the
instrumentation which terminated our efforts in mid-November.

Tracer Test Site - R.W.D. Killey and J.H. Munch

Field measurements of ^ l j distribution in the study area
were completed on October 11, as the last of the injected tracer
moved out of the line of samplers 20 m downgradient of the source.
As noted in the previous progress report (PR-HS-13), the tracer
rapidly segregated into three plumes with significantly different
transport velocities. With increasing distance from the source,
separations of ^lj within these three plumes became evident,
highlighting the lateral continuity of even very small-scale
stratigraphic features with differences in hydraulic conductivity.
All of the tracer data has been handed over to G.L. Moltyaner and
C. Paniconi for transfer to computerized storage and calculation of



- 32 -

dispersivitles in individual stratigraphic layers (see section
3.A.I). A report documenting geologic and hydrogeologic studies at
the site prior to tracer injection is nearing completion.

Trace Metals in Organic Fractions of Perch Lake Sediments -
K. Cundari and J.M. Judd

A preliminary study of trace elements in Perch Lake total
sediment cores and in their fulvic and humic acid fractions is now
completed. Ms. Cundari has now returned to Canadore College.

Briefly, each sequential 5 cm layer of total core sediment
showed a substantial decrease in Pb, Fe and Cd concentration down
to 20 cm whereas Cu, Co, Ni, Cr, Mn, Ca and Zn concentrations
displayed no such pattern. Eight of the 10 elements investigated
showed concentrations (ug metal/g sediment) higher in the fulvic
acid fraction than in the humic; the remaining two, cobalt and
chromium, had higher concentrations in the humic fraction. There
was good agreement between total core concentration and the
averages of sequential layers in all metals studied (e.g.,
16.0 yg Pb/g.total versus 14.3 yg Pb/g, the average for 6 sediment
layers) indicating that technical methodology and analysis is
satisfactory. The analytical methods used in this study will be
applied to future work on trace metals in environmental samples
(see section 3.3.3, Recycling of Radionuclides in Lake
Ecosystems).

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

Work in this area has slowed during the past quarter due to
other demands.

Column effluent samples obtained under oxidizing conditions
have been prepared and submitted to W.N. Lennard of the Solid State
Science Branch for elemental analysis by a proton-induced x-ray
emission technique. Column effluent samples have also been
collected, from both the Pu and Cs columns operating under
different geochemical regimes, for organic carbon analysis.
Approximately 200 samples have been prepared and are awaiting final
analysis in our Organic Carbon Analyzer.

Organic Contaminant Migration in Groundwater Discharges - D.R. Lee
and S.L. Winters

Our experimental program to determine the behaviour of
selected organic chemicals in discharge environments has continued
at North Bay. During the quarter, measurements of organic solutes
in discharges below this landfill site were made and in situ column
experiments were started. Analysis of these preliminary results
has not been completed.
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3.3.3 AQUATIC RADIOECOLOGY

Uptake of Radionuclides by Freshwater Clams - J.W. McMahon and
A.E. Docherty

Studies on the fate of radioactive excretion products of
clams were continued. Freshwater clams, Elliptio complanatus, were
prefed -^Fe labelled algae then transferred to water
containing non-active algae which, over a three hour feeding
interval, replaced the radioactive cells in the gut. Of the total
5^Fe released into the tank over 98% remained in the
sediment.

To assess possible recycling of these labelled biodeposits in
the sediments non-active clams were placed in the tank containing
the radioactive faecal material. Animals were removed, at selected
intervals, over a period of days and their radioactivity
determined. Radioactivity accumulated by these clams represented
approximately 2% of the -**Fe available as biodeposits. On the
other hand this small amount of activity could have been taken up
from the overlying water. At present it is not certain whether the
accumulated radioactivity is due to recycling of sedimented
biodeposits or filtration of suspended *^pe ±n the water.
This study is continuing.

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

During the past three months we have continued to measure the
concentrations of *"(js ±n 200 cores of lake sediment
collected from seven lakes near CRNL. Preliminary results from Lac
du Bois Dur, Lower Bass and Otterson lakes are consistent with
results presented in the last quarter. The integrated mass of
3'Cs in all cores is much less than the total amount of

atmospheric fallout measured in deposition collectors during the
period 1955 to 1982.

Since the fallout *37Cs ^s n o t ^n th e lafce sediments it
could be in the water column or already flushed out of the lakes in
discharge. During October and November eight water samples of 50 L
were collected from each study lake, and from eight lakes in the
Haliburton area of central Ontario and the ^37Q S w a s

determined. All results to date suggest that there is less than
0.5 pCi L"1 of 137Cs in the water column of the lakes.
Even after these concentrations are integrated over the entire lake
volume the fraction of ^ 7 ^ s i n ^ g w at e r column is less than
5% of the total fallout.

Most of the 13?Cs must have been flushed from the lake.
To determine accurately the net rate of sedimentation the amount of
water discharged through the outlet oust be known. We have
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installed stilling wells and water level recorders on the outlets
of Petznick, Otterson, Upper Bass and Lower Bass lakes. These
gauges will be calibrated against the discharge of water measured
using dye dilution or a current meter. Then historic (1950 - 1982)
climatic and precipitation records will be used to model the change
in the "cs concentrations in the water column of the lakes
and the average net rate of ^'cs sedimentation can be
calculated.

The calculation described above determines the average annual
rate of net sedimentation of ^Cs o v e r a ^ong perj.0<j of time
(approx. 25 years). The assumption that the rate of sedimentation
is constant through time is currently being tested two ways. First
the mass balances of 1^^Cs, ^Sr and ^°Co in the
Perch Lake system are being modelled using the monitoring data
collected over the past 25 years. The second approach utilizes the
historic record of nuclide sedimentation preserved in the
stratigraphy of lake sediments. We will model the amount of
nuclide remaining in discrete layers of the sediment cores. To
model the data, the rate that the bulk dry material is deposited
must be known. The chronology of the sediments can be determined
using 2l0Pb concentration profiles. 210Pb is most easily
determined by measuring 2l0Po, the alpha emitting
granddaughter. An alpha-spectroscopy technique developed by Eakins
and Morrison (Int. J. Appl. Radiat. Isot. 29, 531, 1978) has been
modified and developed. A series of experiments examining the
reproducibility of the technique suggest that the isotope is not
recovered quantitatively during the volatilization step that is
required to separate ^°po from the sediment matrix. Reasons
for this discrepancy must be investigated further.

Recycling of Radionuclides in Lake Ecosystems - I.L. Ophel and
J.M. Judd

Development of a suitable method for analysis of ultra-trace
levels of cobalt in Pre-Cambrian surface waters has continued.
Chelation followed by solvent extraction with subsequent
evaporation of the solvent and redissolving of the dried residue in
acid enables a 100-fold preconcentration of the water samples to be
attained. Analysis with a polarizing Zeeman-effect atomic
absorption spectrophotometer (Hitachi) is enabling us to measure
total cobalt concentrations in surface waters as low as 0.5 jig/mL
with blank values of <0.02 pg/mL.

iiadionuclide Cycling in Plants - S-R. Gentner

An annotated bibliography comprising more than 2,300
references on the cycling of radionuclides in plants has been
compiled. This bibliography is being computerized with the
assistance of Jill Austin of the Technical Information Branch and
Howard Keech of the Mathematics and Computation Branch. Each
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reference will be accessed through several keywords on the computer
print-out; the abstract plus some data may then be found in the
card file*

In response to feedback from a questionnaire circulated to
Environmental Research Branch members at CRNL and Whiteshell the
bibliography and literature review will concentrate initially on
quantitative soil/water uptake data from terrestrial and freshwater
ecosystems (vascular plants and algae) and on root activity
studies. Furthermore there is special interest in data on all
radionuclides (even short-lived ones used as tracers) and in
original survey data from nuclear research establishments and
naturally contaminated areas; there is no interest in adding to
already well-documented food-chain data; and there is agreement
that data from solution culture experiments should be viewed
cautiously.

3.3.4 APPLICATION OF NUCLEAR TECHNIQUES

234U/238U Activity Ratios - G.M. Milton and R.M. Brown

Analysis of seven water samples pumped from borehole CR20 is
now complete (Table 3.3.4).

Depth
(m)

18-21

24-27

27-30

36-39

42-45

45-48

48-51

U Cone,
(fig IT* )

.02

.30

.05

.08

.20

.32

.17

Activity
2 3<tjj/2c

1.6 ±

2.2 ±

4.1 ±

5.3 +

6.2 ±

4.0 ±

6.1 ±

Ratio

.28

.11

.19

.25

.20

.20

.29

Table 3.3

Tritium
(TU)*

25 i

4 i

16 i

26 i

10 ±

46 ±

4 ±

: 8

: 8

8

: 8

8

8

8

.4

Rn
(pCi IT1;

477

1796

1702

1434

2705

2247

1842

) (ppm)

.5

1.6

.4

10.0

18.0

26.4

26.0

(ppm)

3.7

1.8

1.0

8 .9

14.8

18.9

18.5

(Volts)

.043

.151

.026

.011

.071

23*U/238U activity ratios (A.R.) are the highest observed to
date in groundwaters of the Canadian Shield and show an interesting
progression with depth. Low Ej, values and uranium concentrations
are consistent with the hypothesis that the alpha-recoil process
provides the Major portion of mobile uranium in the deep
fractures•

* 1 TU-' 118 Bq/m3
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A high tritium concentration at the 45-48 m level suggests the
presence of some surface water infiltration or contamination during
sampling. This may explain the lowered A.R. compared to values of
samples taken above and below this level. However, the other
analyses done on different samples do not show a deviation at this
level.

Increased Cl~ and SOi»= concentrations below 40 m are an
indication of increasing water "ages" with depth. Th-230 values
are unfortunately too low to permit minimum age estimates using the
U-Th dating technique. Radium, if conservative, may be a useful
age indicator in the range 1,000 - 10,000 years. Initial Ra
measurements proved to be erroneous due to cross-contamination
resulting from incomplete removal of Ra from an ion exchange column
between samples. This problem has now been resolved.

Sections of the core from borehole CR20 have been obtained for
isotopic and mineralogic analysis of the fracture in-filling
materials. Examination of fracture surface materials with the
scanning electron microscope and energy dispersive x-ray
spectrometer of the System Materials Branch has begun.

Flow Measurements using Radiotracers - E.L. Cooper and D.E. Clegg

We successfully completed our first off-site flow measurements
during the quarter. At the end of October, flow measurements were
made in gas and liquid streams on the customer's site. A total of
nine flow meters were calibrated during five days of field work.
Measurements were made under both laminar and turbulent flow
conditions. The field data have been analyzed using published
methods for turbulent flow; however, we had to develop a method to
analyze the data obtained under laminar flow conditions. A report
detailing the results has been prepared and submitted to the
customer.

On the basis of our field experience and the anticipated large
market for this tracer technique we are currently reviewing and
refining the instrumentation and techniques in order to improve the
efficiency of the work.

3.3.5 APPLICATION OF NUCLEAR FACILITIES

Aquaculture of Freshwater Organisms - J.W. McMahon and
A.E. Docherty

Data on the growth of Scenedesmus bijugatus in
nutrient-enriched, heated (22 ± 0.5° C) lake waters is currently
being analyzed.

The heated reservoirs at Maskinonge Lake have been changed to
provide a suitable environment for the overwintering of a large
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population of freshwater clams. Clams, collected from Maskinonge
Lake, were sorted into size groups and placed in trays containing a
sand substrate. These trays are suspended in the heated pools at a
temperature of 20 £ 0.5°C. Clams are selected from these tiays for
experiments on feeding behaviour and biodeposition.

Studies on the effects of supplemental foods on the growth
rate of clams have been delayed pending a review of the current
status and future potential of aquaculture in Canada.

Thermal Enhanced Plume Rise - P.J. Barry

A series of scale model tests of the theory of plume rise
induced by a ring of propane burners Is to be started at the
experimental field this summer. Ring diameters of 1 m, 2 m, 5 m
and 10 m will be used together with changes of heat output density.
The plume will be detected by a three dimensional array of
thermocouples which will also give information on the transient as
well as time mean behaviours of the plume. Smoke will also be used
to identify the plume which together with photography will give
information on behaviour of material incorporated in the thermal
plume.

Some items of equipment, including 60 propane burners, have
been received. The main work is to assemble the three-dimensional
thermocouple array with which to detect the thermal plume. Sockets
on areas at 5 distances from the burner ring have been set in the
ground to receive the poles. Eleven poles each 4 m long have been
wired with thermocouples at 0.5 m Intervals. The final array will
consist of 55 such holes.

3.4 ASSESSMENT

3.4.1 MODELLING

Tritium Research and Tritium Impact Assessment - D.R. Champ

In consideration of current developments on tritium recovery
systems for fission reactor sites and in response to discussions
with representatives of the Canadian Fusion Fuels Technology
Project (CFFTP), members of the Health Sciences Division have been
re-evaluating our ability to assess tritium doses. Such a
reassessment has been deemed necessary because atmospheric
releases, if they should occur, from the above facilities would
likely have a substantially larger elemental tritium component (HT)
when compared with releases from fission reactors. Currently
health and safety considerations are primarily in terms of tritium
released as tritiated water (HTO).

Efforts in various Branches of the Division have begun to
evaluate tritium with respect to our current knowledge in the areas
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of tritium radiation biology, dosimetry and metabolism, and
industrial and environmental pathways. The overall intent is to
identity critical pathways and thereby define existing deficiencies
in our current knowledge.

In the area of environmental pathways several deficiences have
been tentatively identified. These pertain to our ability to test
the hypothesis that high bound T/H ratios can be developed as a
result of the environmental behaviour of HT.

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

Wind and temperature data from the Perch Lake Tower and
Building 456 were recorded continuously throughout the last
quarter. The Bell line for transmission of wind speed and
direction signals from Building 456 to the Perch Lake data
acquisition system has been installed. However, some parts of the
required signal adaptor have not arrived. The data are being filed
in the computer system for preparation of climatological records.

Computer Model Development - G.L. Moltyaner

For the prediction of radionuclide migration from existing or
proposed waste management sites it is necessary to determine the
distribution of the parameters controlling the radionuclide
migration; that Is, groundwater velocity, dispersivity, and various
parameters of solid-solution reactions. The methods for
determining these parameters, when the parameter value is uniform
in the system under study, are based on simplified analytical
models.

One of the problems arising when using mathematical models for
simulation of radionuclide behaviour is the scale dependence of
dispersivity. The scale problem is one of the fundamental problems
in physics, when the concept of equivalent continuum is the basis
for different theories. Practically, it is impossible to use the
microscopic description of a porous medium for large scale studies;
therefore, the scale levels are introduced. Under the assumption
that the dispersion phenomenon is of the same nature at each level
(can be formally described by the same parameter) the dispersion
equation (mathematical model) becomes valid for the assymptotic
regime when the real medium is substituted by some homogeneous
equivalent medium. Exceptionally detailed field studies were
undertaken at CRNL to determine the transport parameters,
especially dispersivity, by D.R. Champ, D.R. Lee and R.W.D. Killey
(see corresponding sections in this and previous progress reports).
This progress report describes our efforts at determining the scale
dependence of dispersivity based upon the results of these field
studies.



- 39 -

The other main problem associated with modelling is whether
the parameters controlling the radionuclide transport remain valid
for very long-term analyses. Currently our effort is focussed on
simulation of "°Sr behaviour (Nitrate Plant Plume) to gain
more understanding of transport processes at the time scale of
20-30 years, which is considerably longer when compared with the
duration of a field experiment. For simulation of the ^Sr
behaviour we have used a two dimensional finite-element model.
This numerical modelling approach takes into account system
heterogeneity which cannot be adequately dealt with in a simple
analytical model.

a) 6E and Sx> Behaviour' in Short "Field Columns" ~
G.L. Moltyaner and D.R. Champ

This experiment allows us to estimate dispersion coefficients
on a very small scale using 'H as the non-reactive tracer, and to
evaluate the retardation capabilities of Chalk River sands using
®^sr data. For the latter case, the distribution coefficient
concept will be considered to simulate °^Sv behaviour. The
experiment was conducted by D.R. Champ (see PR-HS-12, Section
3.3.2). Initial work has begun on simulating ^H behaviour.

b) NaCl Traoer Site Plume ~ G.L. Moltyaner and D.R. Lee

The objectives of this study are to estimate dispersion
coefficients on a smaller scale than that of the *31j Tracer
Site, but on a larger scale than the field columns, and to evaluate
the effect of square-type injection as compared to point-type
injection for 131I tracer. The experiment was conducted by
D.R. Lee (see PR-HS-10, Section 3.16.2.3). The analytical model
that allows us to define the dispersion coefficient will be
determined during the calibration phase.

c) I Traoer Site Plume ~ G.L. Moltyaner, C. Paniconi and
R.W.D. Killey

This experiment was conducted by R.W.D. Killey (see Section
3.3.2, Tracer Test Site). Although numerical models are commonly
used for systems of this type, the analytical solutions were chosen
as appropriate to interpret the tracer patterns and to obtain the
dispersive parameters because of the problems associated with
numerical dispersion. Several analytical solutions were obtained
for this purpose. Comparison of these solutions showed that,
depending on the parameter values used, some of the solutions will
produce similar results. This is a significant finding because it
allows one the flexibility to choose, for any given set of data,
the solution or solutions best suited for the particular problem.

The data from the tracer test was organized into a computer
file. Data can be easily extracted from this file for single and
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multi-dimensional plotting. These plots are then "matched" with
theoretical graphs, in order to determine the values of dispersive
parameters•

d) Nitrate Plant Plume - G.L. Moltyaner and R.W.D. Killey

As was reported in the previous progress report, the
evaluation of the two-dimensional finite element code for the
solution of coupled flow and solute transport equations has been
started by application to the existing 9oSr Nitrate Plant
plume near Lake 233 (see Section 3.4.2). The progress in this work
is delayed because of the lack of initial information. The
calibration of the transport part of the code must await detailed
geochemical mapping of the plume.

Deriving Release Limits - I.L. Ophel

A working group is preparing a document "CSA Standard N288.1:
"Guidelines for Calculating Derived Release Limits for Radioactive
Materials in Gaseous and Liquid Effluents for Normal Operation of
Nuclear Facilities" for the Canadian Standards Association. A
meeting of the working group in December prepared a final draft for
submission to the CSA main committee.

Development of Water Quality Criteria for the Aquatic Environment -
I.L. Ophel

A Panel, appointed by the National Research Council of Canada
Associate Committee on Scientific Criteria for Environmental
Quality and chaired by I.L. Ophel, has as its objectives: (1) to
review the available literature of radioactivity in the Canadian
aquatic environment; (2) to develop water quality criteria for the
protection of the aquatic environment. The final draft was
presented to the Associate Committee in December.

Uranium Mill Tailings Management - R.V. Osborne

An executive summary of the report on the applicability of the
ICRP system of dose limitation to the management of uranium mill
tailings (PR-HS-12) has been prepared. The main text is now being
edited taking into account comments from members of the Expert
Group and others in Australia, U.S.A. and Canada.

SITE STUDIES
3.4.2

Port Hope Low Level Wastes - R.W.D. Killey

The Low Level Waste Management Office (LLWMO) has solicited
suggestions and proposals for the decontamination of soils
containing low levels of radioactive contaminants. We have defined
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three general situations - materials that can be excavated and
treated by physical and/or chemical procedures to concentrate
contaminants, materials that can or must be treated in situ using
chemical methods, and materials that are not amenable to
decontamination. Actual sites could contain wastes which fall into
any of these three categories. Situations where aquifer sediments
have been contaminated by materials transported from the waste by
groundwater flow would, in almost all cases, not be amenable to
excavation and treatment.

The LLWMO has specified that low-level contaminated materials
still in the Port Hope area are the initial targets for
decontamination. We have reviewed and summarized information on
the Port Hope area, and have shown that the contamination occurs in
a variety of wastes, most of which could not be termed contaminated
soil. Only one waste form (the Monkey Mountain tailings) offers
any potential for ijn situ decontamination; if decontamination of
the other wastes proves to be economically feasible, they would
have to be excavated prior to treatment.

Our review of existing data has also shown that groundwaters
in the area containing most of the wastes (the Port Hope Landfill
Site and the adjacent tailings at Monkey Mountain) are contaminated
with uranium, low levels of radium, a variety of major ions, and
dissolved organic compounds. The aquifer sands in the zone of
contamination feature elevated uranium contents, but existing data
are insufficient for quantifying the magnitude of groundwater and
aquifer matrix contamination. Since there is no current or
anticipated groundwater use in the area, we have recommended that
detailed hydrogeologic and geochemical studies of the aquifer to
assess the significance of this contamination and (if necessary) to
design _ln situ methods for decontamination be held in abeyance
pending results of the waste decontamination studies. If the
wastes can be successfully decontaminated or are removed, we
recommend that detailed aquifer studies be given low priority. If,
however, a decision is made to consider leaving the wastes in
place, we have recommended an extensive study of the contaminated
aquifer and research into minimizing future releases of
contaminants from the waste sources.

Perch Lake Basin Studies

CorfbamLrumb Movement" P«J« Barry

A comprehensive review and interpretation of the hydrologic
data collected at Perch Lake since 1969 has been completed and
prepared for publication. When the hydrologic year is taken to run
from June 1st to May 31st a regression of measured run-off on
precipitation gives a correlation coefficient of 0.95 indicating
that at the start of the cycle the change in storage terms are very
nearly zero and can be neglected. The Perch Lake data fits very
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well to other observed and published local and regional hydrologlc
behaviours. This is important:

(a) to establishing the credibility of the experimental data and
the validity of the assumptions introduced in its
interpretation;

(b) to generalizing the Perch Lake data set, and;

(c) to providing a reasonable basis for estimating streamflows for
the years before detailed observations were begun using the
much longer records of hydrologic data available regionally.

The available monitoring data for the Perch Lake system goes
back to 1957 and is being reevaluated and reinterpreted using this
knowledge of the hydrologic behaviour of the system.

In particular a comprehensive review of the tritium data
collected in the Perch Lake system has been started. It is hoped
that this review will eventually lead to a better understanding of
the behaviour of tritium released to the reactor pits and improve
our predictive capability with respect to the tritium now stored in
the groundwater of Perch Lake Swamp and of future tritium
disposals.

Perch Lake Swamp Field Studies ~ R.W.D. Killey and J.H. Munch

In order to extend our data base and our assessment of
seasonal variability, all multilevel samplers and a selection of
conventional piezometers in the Perch Lake Swamp (totalling about
650 sample points) were cleaned and sampled for 'H and major
anion analysis. The data obtained so far shows trends similar to
those observed in the spring, but with considerable variation in
point measurements. Additional stream gauging planned for this
quarter to redetermine the discharge from the tritiated spring in
Perch Creek was not performed. Heavy rains have resulted in large
volumes of discharge from Perch Lake, greatly reducing the
sensitivity of the stream gauging technique to small additions of
water. A report on geology, hydrogeology and past and present
contaminant distributions in the Perch Lake Swamp is in
preparation.

Water Budgets and Basin Chemistry Analyse.!* - P«C. Jay

Tritium analyses of daily water samples from Perch Lake
Outlet, Perch Creek Weir, Army Road Culvert, Main Stream, T-16
Stream, East Swamp Stream and No. 1 and No. 2 inlets were
continued•

Water samples from all the multilevel samplers in the Perch
Lake Basin were collected by R.W.D. Killey and J.H. Munch in July
and November and are currently being analyzed for anions
(approximately 3,000 samples and standards).
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Nitrate Plant Plume - R.W.D. Kllley and J.H. Munch

Detailed mapping of the distribution of "°Sr in both soil
and groundwater began in October; 17 continuously-cored boreholes
have been completed, and eight have been instrumented with 1.2 cm
I.D. multilevel piezometers with screens set at 1 m intervals
through the zone of saturation. Where possible, we are drilling at
locations used in the 1962 survey, and sampling on the sections
160 m and 220 m downgradient of the source is essentially
complete.

Results to date show vertical separations of the "^sr
into two plumes, fully distinct by the 220 m line. Contaminant
distribution shows that transport is strongly controlled by
relatively thin (approx. 1 m) units with considerable lateral
continuity in the sand sequence; 160 m downgradient of the source
pit the plume is 40 m wide but generally less than 2 m thick.
Distribution coefficients for "*sr in the plume range from
less than 1 to greater than 100 mL-g"* along the 160 m line,
with most values between 30 and 70 (approximately 100
determinations). Head distributions have been measured
periodically and elevation measurements on groundwater monitors
completed to date are expected shortly.

Tritium in Streams near CRNL - W. Workman and R.M. Brown

The annual survey of tritium concentrations in about 40
streams and lakes in the vicinity of CRNL has been completed. No
new or augmented discharge of tritium has been found within or near
the plant property. Aside from streams and lakes in the drainage
path? from established disposal areas, tritium concentrations are
less than 500 Tritium Units (60 Bq«L~*) with no sites showing
an increase and 10 showing a decrease of 100 - 200 TU since last
year.

Reactor *^C in the CRNL Environment - W. Workman and R.M. Brown

Measurement of **c in grass samples collected in the
vicintiy of CRNL has continued with the objective of defining the
dispersal of reactor 14C. Samples collected more than 10 km
from the reactor stack consistently show a concentration of 125 ± 5
pmC, (percent modern Carbon), or 0.283 i 0.011 Bq«g~l carbon,
in line with present-day global values. Concentrations in a small
area close to the reactor stack have been found to be variable
ranging from 229 to 711 pir.C. This is thought to indicate localized
leakage from the base of the stack or the duct leading from the
reactors.
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Low level Disposal Area "C" has been found to be a significant
source of local *C dispersal. A concentration of 1369 pmC
(3.10 Bq«g~l carbon) was found in grass growing at the
entrance to the disposal area with concentrations of 400 - 500 pmC
occurring within a 0.5 km radius. Presumably these concentrations
result from ĈC>2 emanating from plastic bags of waste
awaiting burial. This site is also a major source of HTO release.

NHRI Flow Study in Fractured Rock at Chalk River - K.J. Inch

In 1981 the National Hydrology Research Institute (NHRI)
initiated the CRNL Groundwater Flow Study which is an integrated
research project of three years duration investigating groundwater
flow patterns in a fractured crystalline rock mass. During 1982
additional drilling and testing was completed on five new bedrock
wells.

Part of the CRNL Groundwater Flow Study was to evaluate the
usefulness of geochemical and isotope measurements in defining flow
patterns and flow directions in a shallow fractured bedrock.
Sampling and characterization of the groundwater from each packer
isolated test interval from the 14 wells was carried out during the
past quarter. Anion and tritium analyses were performed at CRNL.
Anions were measured by P.C. Jay using the Dionex system.
Inorganic carbon measurements were made by J.L. Young using the
Total Carbon Analyzer. This data will be interpreted in
conjunction with data gathered by other invetigators at the site.

Gloucester Landfill Site - R.M. Brown, D.R. Champ, W. Workman and
J.L. Young

Under the leadership of the National Hydrology Research
Institute (NHRI) of Environment Canada a large hydrogeochemical
study of the Gloucester Township landfill site has been initiated.
In support of this program several collaborative studies have begun
with scientists at CRNL.

R.M. Brown and W. Workman are collaborating with R.E. Jackson,
NHRI, and F. Michaels, Carleton University, in analyzing for the
distribution of residual bomb tritium in groundwater at the site.
This data will aid in defining the groundwater flow path.

D.R. Champ and J.L. Young, in collaboration with R.E. Jackson,
have begun analyzing groundwater and sediment samples for inorganic
and organic carbon and will conduct some trace metal speciation
analysis. The carbon measurements will aid in defining the overall
geochemistry of the site for prediction of contaminant behaviour,
support definition of zones of organic contamination, and
facilitate assessment of the potential for organic involvement in
sorption reactions on surfaces or trace metal complexation in
solution. Development of techniques for trace metal speciation is
in progress (see section 3.3.2) and will be tested using samples
from this site.
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3.5 ANALYSIS AND MONITORING

3.5.1 INSTRUMENTS AND METHODS

Zeeman Atomic* Absorption Spectroscopy - J.M. Judd

The Hitachi 170/70 has been in continuous use since September
for the determination of trace metals in surface water and sediment
samples. Samples were usually analyzed with identical DRY/ASH/ATOM
cycles as used for corresponding elemental standards but
difficulties arose where unknown components in some sample matrices
caused unwanted peaks. In all cases where this occurred it was
possible by altering the heating cycles to obtain satisfactory
atomization peaks.

Ion Chromatography - P.C. Jay and J.M. Judd

Water samples from all multilevel samplers in the Perch Lake
Basin were collected in July and November and analyzed on the ion
chromatograph. These samples and standards, approximately 3,000,
were not filtered before analysis because of the time involved,
i.e., rinsing flasks, changing clogged filters, etc. It was found
that approximately 800 samples could be run before the pre-column
on the ion chromatograph had to be changed, so the time saved more
than compensated for the cost of a pre-column (about $125).
Initial results showed no apparent difference between filtered and
unfiltered samples, however, more detailed work will have to be
done to confirm this.

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 last quarter and the last two
calendar years are given in Table 3.5.2A.
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Table 3.5.2A. Gamma Exposure Rates* in Public Areas:
Quarter 1982.

Third

Location
(See Fig. 3.2)

1
2
3
4
5
6
7
8
13

Harrington Bay2
Deep River

Third Quarter
1982

10.4
2.3
2.3
3.6
1.4
5.0
1.4
3.6
12.7
2.3
1.8

1981
Average

10.5
4.1
2.5
4.1
2.8
3.4
4.0
7.1,
7.14

6.0
4.9

1980
Average

10.9
6.0
4.2
6.3
5.1
4.4
5.0
7.8

6.8
4.9

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

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

33 October 1979 to 7 October 1980.

47 October 1980 to 9 October 1981.

*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:
Third Quarter 1982. J 1

Location
(Fig. 3.2)

9

10 (office)2

11

163

1982
Third Quarter

23

4.5

6.8

7.7

1981
Average

34.5

12.9

12.8

10.9

1980
Average

31.0

13.0

12.0

11.2

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

2First floor office in Building 513.

3Office 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
radiochemically for °Sr and spectrometrically for l3?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
9oSr. The results are shown in Figure 3.5.2A.

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 3H as well as
quarterly for gamma-emitting radionuclides and ^°Sr.
Strontium-90, °°Co and 3H are still the main contaminants in
the Perch Lake basin.
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Radionuclides in Liquid Effluents - E.L. Cooper, D.E. Clegg,
G. Lahaie, L.A. Mask and '.M. Mclaughlin

At CRNL, three liquid effluent streams discharge radionuclides
directly 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 third quarter of 1982. Most of the
radionuclides are measured by gamma ray spectrometry. Other
releases are shown in Figure 3.5.2B. The daily releases have been
calculated from the measured flow rates and radionucllde
concentrations in individual streams. Since 1980, the plutonium
discharges have been expressed in terms of activity per day rather
than mass per day. Siuce we do not distinguish ^'Pu from 240py
and the two isotopes t'ave different half-lives, this Is a more
meaningful expression; the values for plutonium therefore represent
239pu pius 240PU. p o r comparison with previous release rates the
conversion factor is 1 mCi (37 MBq) = 16.3 mg for 239^.

The tritium concentrations, determined by liquid scintillation
counting, are summarized In Table 3.5.2D, together with the
activities released during the second quarter of 1982.

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 Limits
(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 Dally Releases from the Process Sewer:
Third Quarter 1982.

Radionuclides

90 S r

137
Cs

144Ce

106Ru

140,Ba

131,

239Np

95Zr

54.
Mn

46
Sc

59Fe

65
Zn

60
Co

Daily Release*
MBq« d"a

64

100

390

< 40

550

260

<1500

500

150

210

270

160

290

Percent of
DRL**

1.4x10-3

3.5x10-2

1.8xlO"3

<2.1xl0~4

3.7xlO"4

6.1xlO"3

<1.5xl0"4

2.6xlO"4

1.3xlO~4

l.lxlO"4

2.5xlO~4

5.0xl0~3

2.0xl0~2

* Values rounded to two significant figures. (1 MBq • 27jiCi).

**DRL - Derived Release Limit. DRL values have been calculated from
the DRL's given in AECL-7243.
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Table 3.5.2D. Tritium Releases from the Exclusion Area:
Third Quarter 1982.

Concentration
MBq«m~3

1.

0.

7.

15

290

,3

,71

,9

Quarterly Release
GBq

1.9xlO4

46

1.2xlO3

2.1xlO3

4.1x10 3

Percent of
DRL*

2

5

1

2

4

.0x10 " 2

.1x10-5

. 3 x l 0 ~ 3

.3xlO~3

. 9 x l 0 " 3

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

(1 MBq - 27 )iCl)

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

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

Periodic sampling and measurement of the ̂ A r released
from the main reactor stack continues. These results provide a
calibration for our continuous 4l-Ar monitor on the stack. The
rate of release of **Ar depends on the power levels of NRX and
NRU. In NRU, C02 in the J-rod annulus replaces moist air to
reduce corrosion of the reactor vessel and also reduces the
^Ar release rate per unit power level. The monitoring
results therefore indicate changes in the operating conditions of
the reactors and also provide an indication of the effectiveness of
the C02 system.

The results obtained to date for 1982 are given in Table
3.5.2E-
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Table 3.5.2E. Measured 4lAr Releases from Main Stack - 1982

Sampling

Date
Time
(EST)

N R U

Power
MW

CO

N R X

Power
MW TBq'd"1

Ar

Feb 24 0820

May 6 0722

Jun 18 0720

Aug 4 0727

Sep 22 0724

Nov 25 0824

125 Normal

Not Operating

127 Normal

116 Normal

119.8 Normal

Not Operating

Not Operating 45 0.4

24 135 5.6

24 172 1.4

22.9 172 1.2

26.5 170 1.2

25.0 137 5.5

1 TBq = 27 Ci

3.5.3 MONITORING PROGRAMS AND SERVICES

Air Pollution Monitoring Station at CRNL - D.P. Wildsmith

Operation of the background pollution station for Atmospheric
Environment Service (Environment Canada) has continued. The daily
mean concentration of particulate major ions (S0^~, N03~, Cl~,
NHij+j Na+, K+) and sulphur dioxide in air as well as the acidity
and major ion content of daily precipitation samples are measured.

Hydrological Data at Perch Lake - D.P. Wildsmith and B.A. Risto

The weirs in the Perch Lake Basin are routinely surveyed,
maintained and monitored. Precipitation, maximum and minimum air
temperatures, and soil temperatures are recorded daily. The water
level recorder charts at the weirs are sent to Water Survey of
Canada (Environment Canada) for interpretation and estimation of
Perch Lake outlet and inlet stream flows. We have received data
for the period January 1 to August 31, 1982.
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CRNL Climatological Report - P.C. Jay

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

A record-breaking maximum temperature occurred throughout
Ontario on December 4. The temperature on that day at CRNL was
14.0°C.

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

Data are being compiled and sent each month to R.K. Elliott,
Design and Technical Services Branch, as support for the hybrid
heating experiment by CRNL and Deep River Hydro.

Contamination and Leakage Investigations - E.L. Cooper, G. Lahaie
and D.E. Clegg

Storm Sewers

Early in the quarter continuous sampling at the Storm Sewer
outfall was resumed. However, samples could only be collected for
several weeks before the lines froze. The most recent results
indicate that releases have greatly decreased in the past year.

Microbial Analysis of Distilled Water - J.M. Judd

Further bacterial work was done to assist the Chemical
Operations Branch in defining the problem which is causing clogging
of filters on their condensate distilled water lines. It was
confirmed that filters 'on-line' for three hours were almost
completely clogged by a bacterial sludge consisting of
gram-negative bacilli. Morphologically identical bacteria were
found in water samples 'upstream' of the filters. As these results
clearly define the nature of the problem no further investigative
work is anticipated.

3.6. PAPERS AND VERBAL PRESENTATIONS

3.6.1 PRESENTED PAPERS

CHAMP, D.R., P.K. MYERS and P. DNRAU, "Biological Effects of

Tritium", European Seminar on Risks of Tritium Exposure, Mol,
Belgium, 1982 November 22-24.

CHAMP, D.R. and J.R. JOHNSON, "Tritium Metabolism and Dosimetry",
European Seminar on Risks of Tritium Exposure, Mol, Belgium,
1982 November 22-24.
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CHAMP, D.R. and R.M. BROWN, "Environmental Pathways of Tritium,
European Seminar on Risks of Tritium Exposure, Mol, Belgium,
1982 November 22-24.

3.6.2 LECTURES AND TALKS

CHAMP, D.R., "Environmental Research at CRNL". Discussion and tour
of Perch Lake with a delegation from the Ministry of Science
and Technology, South Korea, 1982 October 1.

CHAMP, D.R., "Environmental Research and Environmental
Radioactivity". Perch Lake tour and discussions with R.
Pouliot, Associate Deputy Minister of Energy and Resources,
Quebec, 1982 October 14.

CHAMP, D.R., "Impact of the Nuclear Industry in Canada". Talk to
the South Ottawa Kiwanis Club, Ottawa, 1982 October 19.

CHAMP, D.R., "Nuclear Energy and the Nuclear Industry in Canada".
Lecture to 3rd year Chemistry and Biochemical Technology
students at Algonquin College, Ottawa, 1982 October 19.

CHAMP, D.R., "Radiation and the Environment". Lecture to the
Renfrew County Health Unit, Pembroke, 1982 November 4.

CHAMP, D.R., "Radiological Hazards of Tritium". Lecture to
delegation from the University of Wisconsin, Fusion Design
Studies Department, 1982 November 11.

CHAMP, D.R., "Environmental Research at Chalk River". Discussions
and interview with Karl Nerenberg, program producer for the
CBC Journal, 1982 November 17.

CHAMP, D.R., "Environmental Research and the Environmental Issues
in Canada". Presentation to Messrs. Publicover and Callan of
the British High Commission Office, 1982 December 16.

COOPER, E.L., "The Use of Radiotracers for Fluid Flow Measurements
in Closed Conduits". Seminar presented at CRNL as part of the
seminar series "Applications of Nuclear Technology to the
Petroleum and Chemical Process Industries - AECL Resources and
Activities", 1982 November 22-23.

COOPER, E.L., "Radiation Safety". Presented at Imperial Oil,
Sarnia, 1982 October 25.

LEE, D.R., "Overview of Research Activities and Perch Lake Tour".
Talk to Canadian-American Joint Board of Defense,
1982 October 20.
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LEE, D.R., "Field Reconnaissance for Groundwater Discharge/Recharge
at RA-7". Lecture and discussions with Applied Geoscience
Branch persorinel (WNRE) and Underwood McLellan Ltd., Winnipeg,
1982 October 22.

OSBORNE, R.V., "Problems and possibilities in the practical
application of the ICRP system of dose limitation", CNA Safety
and Environment Committee, Toronto, 1932 November 9.

OSBORNE, R.V., "ALARA and the management of uranium mill tailings",
Joint Panel on Occupational and Environmental Research for
Uranium Production in Canada, Toronto, 1982 December 10.

WELCH, S.R., "Groundwater/Surface Water Connections: Methods of
Detection and Instrumentation". Lecture to University of
Toronto students, Geography Department, Professors Price and
Munro, 1982 October 22.

PRESENTATIONS AT BRANCH SEMINAR ON "CHALLENGES IN THE
ENVIRONMENTAL SCIENCES", 1982 NOVEMBER 30

CHAMP, D.R., "Challenges in Hydrogeochemistry".

JUDr>, J.M., "Review of Analytical Resources in Environmental
Research Branch".

KILLEY, R.W.D., "Challenges in Physical Hydrogeology in Steady
Flow".

LEE, D.R., "Challenges in Physical Hydrogeology in Transient
and Transition Flow".

MOLTYANER, G.L., "Review of Modelling and Computing
Resources".

OSBORNE, R.V., "Objectives and Framework for Environmental
Research".

3.6.3 PUBLICATIONS

CHAMP, D.R., W.F. MERRITT and J.L. YOUNG, "Potential for the Rapid
Transport of Plutonium in Groundwater as Demonstrated by Core
Column Studies", in Proceedings of the Fifth International
Symposium on the Scientific Basis for Nuclear Waste
Management, Berlin, Germany, 1982 June.



Paved Road © TLD Monitor

Secondary Road A Stream Gauge

Main Met. Tower

FIGURE 3.2. LOCATION MAP, CHALK RIVER NUCLEAR LABORATORIES PROPERTY.



- 56 -

15
Bq/m3

10

ROLPHTON l37Cs
ROLPHTON 90Sr

J F M A M J J A S O N D J F M A M J J A S O N D

15
Bq/m*

10

DEEP RIVER l3TCs

J F M A M J J A S O N D

30

Bq/m3

20

10

DEEP RIVER Sr

- -

J F M A M J J A S O N D

15

Bq/m3

10

5

PEMBROKE

m

l37Cs

1

PEMBROKE 90Sr

J F M A M J J A S O N D

30

Bq/m3

20

10

J]

J F M A M J J A S O N D

FIGURE 3 . 5 . 2 A . RADIONUCLIDES IN THE OTTAWA RIVER.
1 Bq = 27 pCi.
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FIGURE 3 . 5 . 2 B . DAILY RELEASES OF RADIONUCLIDES IN LIQUID EFFLUENTS.
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4. RADIATION BIOLOGY BRANCH

by

D.K. Myers

4.1 Staff

4.2 Aims of the Branch

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

4.4 Increased Automation of the FADU (Fluorometric Analysis of DNA
Unwinding) Procedure for Detection of DNA Strand Break Damage in
Mammalian Cells

4.5 Study of DNA Damage in Human White Blood Cells Produced by Tumor
Promoters

4.6 Isolation of Plasmids Containing Multiple Tandem Repeats of Cloned DNA

4.7 Formation of 5-Hydroxymethyleytosine-Containing Dimers in UV-Irradiated
Bacteriophage T4 DNA

4.8 Alkylated Bases Formed on Carcinogen Treatment of Cultured Human Cells

4.9 Microprocessor-Controlled High-Performance Liquid Chromatographic
Apparatus: System Set-Up

4.10 A Comparative Study of Carcinogenesis in Rats by Different Types of
Ionizing Radiation

4.11 A Comparison Between Free Radical Damage Caused By Cell Death and
Genetic Change

4.12 Hyperthermia In Human White Blood Cells

4.13 Assessment of Radiation Hazards to Human Populations

4.14 Determination of the normal range of radioresponse for cultured human
dermal fibroblasts

4.15 The Development of a Rapid Screening Procedure for Radiosensitive
Individuals

4.16 Effect of Chronic vs. Acute Ionizing Radiation Exposure

4.17 Immunological Assay of DNA Damage by Monoclonal Antibodies

4.18 Low Dose - Low Dose Rate Genetic Effects of Ionizing Radiation in
Yeast
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4.19 Physologlcal Parameters In Recomblnatlonal Repair

4.20 Follow-Up of Past CRNL Employees

4.21 Publications

4.22 Verbal Presentations
4.22.1 Lectures or Seminars
4.22.2 Local Talks

4.23 Invited Speakers
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Branch Head - D.K. Myers

Professionals

H.C. Birnboim

J.D. Childs

N.E. Gentner

N.J. Gragtmans

R.E.J. Mitchel

D.P. Morrison

D.K. Myers

M.C. Paterson
M. Weinfeld

P. Unrau

Assistants

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

R. Pilon

L.D. Johnson

K.M. Baird

T. Joyce

M.M. Werner

P.A. Knight
B.P. Smith
E.A. Stewart (Secretary)
B.M. Zohr
S.J. MacFarlane
R.S. McWilliams
G.M. Norton

D.A. Adams

Branch Secretary

L.J. Morel

Animal Facility

R.A. McCann
J.W. Murphy
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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 OF GENOTOXIC CHEMICALS BY DETERMINATION OF DNA DAMAGE IN
MOUSE ORGANS USING THE FADU PROCEDURE
- H.C. Birnboim, M.C. Wolfgram, N.J. Gragtmans and R. McCann

As part of an international study organized by the World Health
Organization, we have started an investigation of the possible use of
the FADU procedure in a short-term in vivo test system for genotoxins
and carcinogens. The organizers of the collaborative study will supply
a standard set of chemicals which will be assayed in different
participating laboratories by different methods. We have agreed to
test these chemicals in mice and determine whether in vivo DNA damage
can be detected by FADU in different target organs. Thus far, several
strains of mice have been obtained and maintained in our animal
facility. Cells from different organs (thymus, spleen and lymph node)
have been prepared by different methods to determine which is optimal;
these experiments are still in progress.

4.4 INCREASED AUTOMATION OF THE FADU (FLUOROMETRIC ANALYSIS OF DNA
UNWINDING) PROCEDURE FOR DETECTION OF DNA STRAND BREAK DAMAGE IN
MAMMALIAN CELLS
- H.C. Birnboim and J.J. Jevcak

The FADU procedure has allowed us to study the DNA damaging action
of a variety of physical and chemical agents in mammalian cells, such
as human white blood cells or mouse thymocytes. As a result of several
modifications in the original procedure which have been developed over
the past year, we are now able to process about 24 individual cell
samples per day. The step of greatest complexity which had to be
overcome in order to process so large a number of cell samples involved
handling and reading (in a fluorometer) about 24 x 12 x 2 - 576
separate tubes over the course of about 60-90 min. A significant
portion of the problem was overcome through use of a recntly~insf.alled
small computer. The machine was modified (with the assistance of C.
Langlais and J. Barsczewski) and suitable computer programs written to
permit the following:
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4.6 ISOLATION OF PLASMIDS CONTAINING MULTIPLE TANDEM REPEATS OF CLONED DNA
- J.D. Childs and R. Pilon

We have previously described the construction of a plasmid
containing multiple repeats of a small piece of cloned DNA (about 720
base pairs) that should be useful as a size marker for gel
electrophoresis. This was made possible by our discovery that
following bacteriophage T4 transduction of a plasmid containing 2 or
more tandem repeats of a piece of DNA, plasmids with an increased
number of repeats could be isolated from the transductants. We wish to
determine whether this method can be used to obtain multiple copies of
cloned DNA containing an intact gene. We have chosen the thymidine
kinase (tk) gene of herpes simplex virus cloned into the plasmid
pBR322. The method we propose to use is as follows: 1. Isolate a
dimer of the plasmid, i.e., one containing 2 copies of pBR322 and 2
copies of the _tk gene. 2. Partially cut the dimer with the
appropriate restriction endonuclease. 3. Separate the different
digestion products by gel electrophesis and cut out a band of DNA
containing one copy of pR322 with a _tk gene at each end. 4. Ligate
this DNA and use it to transform Ê . coll. Most of the transformants
should carry pBR322 with 2 copies of the _tk gene. 5. Transduce the
plasmids containing double inserts and isolate plasmids with an
increased number of inserts. Thus far we have completed steps 1 and 2
and have identified the appropriate band of pBR322 with 2 inserts on an
agarose gel at step 3. Initial problems involved in recovering
undamaged DNA from gels appear to have been solved, and provided that
increasing the number of copies of the _tk gene is not lethal for 15.
coli) it should soon be possible to obtain a plasmid with two copies of
the gene.

4.7 FORMATION OF 5-HYDR0XYMETHYLCYT0SINE-C0NTAINING DIMERS IN UV-IRRADIATED
BACTERIOPHAGE T4 DNA
- J.D. Childs and R. Pilon

The identification of a pyrimidine dimer containing
5-hydroxymethylcytosine has now been completed and a paper describing
the results has been accepted for publication.

4.8 ALKYLATED BASES FORMED ON CARCINOGEN TREATMENT OF CULTURED HUMAN CELLS
- N.E. Gentner, L.D. Johnson and J.M. Boyle

A monoclonal antibody (MCA) directed against
0 -methyldeoxyguanosine (0 -CH3~dG) was available for
immunological quantitation of this critical (in terms of relative
carcinogenicity of the product) lesion resulting from treatment of DNA
with methylating agents such as N-methyl-N-nitrosourea (MNU). In the
radioimmune assay (RIA) system for this promutagenic lesion, unlabelled
0^-CH3~dG isolated and purified from treated cells (+ incubation,
if ability to repair this particular damage is being examined) competes
with chemically-prepared [3H]-O6-CH3-dG for binding to the MCA.
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Since the MCA was obtained against O^-Ct^-dG, digestion of DNA
to the deoxyribonucleoside level must be accomplished. This is done
enzymatically, using phosphodiesterase and DNase I followed by alkaline
phosphatase (a preliminary digestion with RNase A and T^ rids RNA
reaction products which otherwise, because of their considerably
greater number compared to those in DNA, might account for significant
non-specific reactivity). Dose-response curves for the RIA, following
MNU-treatment of calf thymus DNA and isolation/purification of
O^-CH3~dG by ion-exclusion high performance liquid chromatography
(HPLC) performed "blind", based on the kf value (capacity factor)
previously determined for this compound using authentic (labelled)
standards, were linear. When the DNA digestion products from
MNU-treated fibroblasts were examined, however, a very low (<10%)
digestion to deoxyribonucleosides resulted; the majority of the
products were oligodeoxyribonucleotides or deoxyribonucleotides. Such
a level of digestion is unacceptable, both because of the resultant
decreased sensitivity in the subsequent RIA, and because ^ 3
and the four deoxyribonucleosides (used to reference the amount of DNA
from which the O^-CUj-dG came) are not released, in partial
digests, at rates that reflect their original content in DNA. A number
of modifications to the isolation procedure are being explored in order
to increase the susceptibility of chromatin in human fibroblast lysates
to enzymatic digestion: (i) preliminary incubation with proteinase K;
(ii) organic solvent deproteinization; (iii) conducting the various
enzymatic procedures on DNA immobilized on membrane filters. The HPLC
system has been of immense value in providing rapid monitoring of the
extent of digestion.

4.9 MICROPROCESSOR-CONTROLLED HIGH-PERFORMANCE LIQUID CHROMATOGRAPHIC
APPARATUS: SYSTEM SET-UP
- N.E. Gentner, L.D. Johnson and M. Weinfeld

Carcinogenic chemicals and, in particular, radiations usually
induce a considerable spectrum of lesions in DNA. These usually differ
in relative importance with respect to such biological end-points as
lethality, mutagenesis, and carcinogenesis; one of the tasks of the
radiobiologist is to identify (so as to be able to concentrate
attention on) those that are most important. However, even a lesion
that is of lesser significance in a normal individual (because it is
repaired proficiently) can assume considerable significance if it is
not repaired properly, and account for a substantial portion of the
ultimate consequences in that repair-deficient individual. Hence it
becomes of paramount importance, in a study of cancer-prone and
carcinogen-hypersensitive diseases, to be able to quantitate specific
lesions and their metabolic fate. Furthermore, this approach is
germane to the very identification of this association (between
cancer-proneness and repair deficiency) at the molecular level, since
the gross "overall" methods for following the progress of DNA repair
used in the past (which generally look at the summed repair response to
all the induced lesions at some later, common, step in the restitution
process) would fail to detect aberrant repair of numerically minor (but
perhaps critically important) lesions; thus specificity is necessary to
increase the sensitivity with which we can detect repair deficiency.
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As each tube is positioned in the fluorometer, the change in
signal from a negative to a positive value is sensed and readings are
taken every 0.2 sec until a "stable" reading (defined by a standard
error which can be readily modified if desired) is obtained. (The
standard error routine was written by R.M. Holford.) Typically, it
takes 6-7 sec to obtain and record the fluorescence reading for each
tube. The set of tubes is then read a second time and the two readings
are averaged and recorded on disk. Two readings are necessary because
of the potential instability of these complex biological samples.

In a separate step, the small computer is used to reduce the data
which have been recorded on disk. The data are recalled and inspected;
this permits discarding experimental points which are clearly spurious
within a set of quadruplicates. These "raw data" are then calculated
. to give values which represent the degree of DNA unwinding during
exposure to alkali. This is converted to more meaningful values — the
extent of damage to DNA by a given experimental treatment, and
presented as a simple histogram plot. Hard copies are retained for the
notebook.

It appears that further automation in the procedure would require
development of a major piece of equipment for the physical handling of
the large number of tubes involved, or a complete rethinking of the
method by which reagents are added and mixed.

4.5 STUDY OF DNA DAMAGE IN HUMAN WHITE BLOOD CELLS PRODUCED BY TUMOR
PROMOTERS
- H.C. Birnboim, J.J. Jevcak, A.G. Knight and M. Plattner

Since our original observation that a phorbol ester (TPA) can
cause extensive DNA damage In white blood cells, we have observed that
other chemically unrelated promoting agents (such as anthralin and
benzoyl peroxide) can also cause DNA damage. Another agent suspected
of being a carcinogen (diethyl stilbestrol) has now also been shown to
cause DNA strand break damage (DSBD). We have continued our
investigation into the mechanism of damage by these agents, in
particular, TPA. While it is clear that active oxygen species (0|,
H2O2) are somehow involved, the mechanism by which they lead to
DSBD is far from clear. We have been testing a number of agents which
have in common the ability to block DSBD caused by exposure of white
blood cells to TPA. Some appear to act by preventing the "respiratory
burst"_which generates active oxygen species. Others appear to react
with 0' inself. Still others appear to act by interfering with
enzymatic processes in the cell; this latter case is particularly
interesting because it suggests that the observed DNA damage may
involve enzymatic steps.
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The new high performance liquid chromatography (HPLC) program,
like the monoclonal antibody and site-specific repair assays, Is
intended to address this problem of specificity. The U.S. National
Cancer Institute contract (M.C. Paterson, Principal Investigator)
provided Can.$55,000 for acquisition of an automated,
microprocessor-controlled HPLC apparatus. This equipment has now been
received and installed, and much of our time during the past 3 months
has been devoted to learning the operation and interaction of the
various modules that make up this system. A considerable problem with
flow rate control and lack of response of the pumps to compressibility
factors was traced to one of 2 possible defective PC boards in the
System Controller; replacements were obtained and the problem
corrected. Using authentic standards, the proper parameters for
accurate integration with the Data Module are being established.

4.10 A COMPARATIVE STUDY OF CARCINOGENESIS IN RATS BY DIFFERENT TYPES OF
IONIZING RADIATION
- N.J. Gragtmans, D.K. Myers, A.R. Jones* and A.H. Ohno*

(with technical assistance from R. McCann and J. Murphy)

The RBE for tritiated water (HTO) as compared to chronic X-rays
was previously evaluated from the increase in incidence of mammary
tumors in rats at a given time after irradiation. The RBE can also be
determined from the time required for 50% of the animals to develop
mammary tumors. This time is about 620 days after irradiation (670
days of age) in control animals and becomes progressively shorter with
increasing radiation dose. A linear dose-response indicated the
following decrease in days/Gy to reach the 50% animal incidence level:

GROUP DECREASE IN DAYS/Gy

HTO 124
Chronic X-ray 121
Acute X-ray 164

From this comparison it is reasonable to assign an RBE of about
unity to HTO in relation to chronic 200 KV X-rays. This experiment Is
now complete.

As was previously mentioned, our results for Acute and Chronic
Gamma irradiation have been confusing. He are presently starting up a
new project to evaluate the RBE of the following irradiations in the
Sprague Dawley rat mammary system.

Doses of about 0.5, 1.0, 2.0 and 3.0 Gy with acute 200 kVp X-ray
exposures at 0.5 Gy per minute, with acute cobalt-60 Y~ray exposures at
about 0.5 Gy per minute and with chronic Y-ray exposures at
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about 0.008 Gy per hour (0.13 mGy per minute). Two control groups and
two additional groups at intermediate dose rates will also be
included.

*Health Physics Branch

4.11 A COMPARISON BETWEEN FREE RADICAL DAMAGE CAUSED BY CELL DEATH AND
GENETIC CHANGE
- R.E.J. Mitchel and D.P. Morrison

Yeast and several other organisms are more sensitive to the lethal
effects of ionizing irradiation if exposed in the presence of ^ 0 as
compared to ^2' It n a s been suggested that this increased
sensitivity is due to the co-operative effects of OH' and 2 2
generated external to the cell wall. Using diploid yeast, wild type
for radiation resistance, we have compared the rates of cell death due
to Y""irradiation in N2 and N2 0 with the rates of DNA damage
measured by gene conversion of trp~ to trp+ (a recombinational
repair event). We find that DNA damage as measured by gene conversion
increases at a faster rate, per unit dose, during irradiation in N2O
as compared to N2» just as lethality was higher in N2O. When DNA
damage was compared in N2 and N2O at equal levels of survival
however, there was no significant difference between the two
irradiation conditions. Therefore, increased lethality during
irradiation in N2O as compared to N2 seems to be directly due to
increased DNA damage. If the observed increased lethality results from
external OH* and H2°2» the effect of these highly reactive
species is expressed by increased internal damage at the level of DNA.

This paper has now been submitted for publication.

4.12 HYPERTHERMIA IN HUMAN WHITE BLOOD CELLS
- R.E.J. Mitchel and H.C. Birnboim

Human peripheral white blood cells (WBC) freshly isolated from
normal individual donors were examined for DNA strand break damage and
repair after hyperthermia and/or radiation exposure. Strand break
damage was assessed by measuring the rate of DNA unwinding in alkali
using a fluorometric assay. Strand breaks could be detected when
isolated WBC were incubated in a physiological salt solution at
temperatures between 41°C and 46°C, for times up to 90 min.
Significant variation among cells from different donors was observed.
At 45°C, breaks were introduced with biphasic kinetics, an initial
rapid rate followed by a constant lower rate. The initial rapid rate
of DNA damage apeared to involve a "triggering" mechanism. A short lag
in break damage was followed by a rapid induction of strand breaks
which was no longer dependent on continued hyperthermia. Continuous
incubation at 45°C could actually produce less damage than a short
period at 40°C followed by Incubation at 37°C. This "triggering
phenomenon" was not due to a triggering of the respiratory burst in
phagocytic cells, as judged by 0| production. In fact, 45°C treatment
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also blocked the capacity of the cells to respond to a soluble
stimulator of the respiratory burst. Unlike Y ray-induced breaks,
rejoining of 45°C hyperthermia-induced breaks did not occur during
subsequent incubation at 37°C. Additionally, 45°C hyperthermia
treatment (but not 41°C treatment) progressively inhibited the cells'
ability to repair subsequent Y ray-induced breaks (4 Gy).

This paper has now been submitted for publication.

4.13 ASSESSEMENT OF RADIATION HAZARDS TO HUMAN POPULATIONS
- D.K. Myers

The major activity during the past quarter has been a review of
literature concerning the effects of ionizing radiation on the
developing embryo and fetus. The best-documented teratogenic effect in
humans is mental retardation due to maldevelopment of the fetal brain;
however, it seems unlikely that the probability of this effect is
proportional to radiation dose and the risk at low radiation doses in
the region of 10 mGy (1 rad) is probably close to zero. An increased
incidence of childhood leukemia and other childhood cancers has been
noted in some but not all studies of children irradiated in utero. The
total risk of deleterious health effects following exposure of the
fetus to low radiation doses may be zero but for reasons of prudence is
normally taken to be somewhere between one and ten times the risk to
adults.

4.14 DETERMINATION OF THE NORMAL RANGE OF RADIORESPONSE FOR CULTURED HUMAN
DERMAL FIBROBLASTS
- M.C. Paterson, B. Zohr, D. Adams and N.E. Gentner

A confident identification of a human skin fibroblast strain as
"mildly sensitive" to inactivation of colony-forming ability (CFA) by
ionizing radiation requires precise knowledge of the normal range of
radioresponse and rigid control of cell culture conditions (including
passage number) that might affect this survival response. To this end,
a major project has been initiated, using normal cell strains supplied
by the U.S. National Cancer Institute, to define normal values in the
CFA assay; the full study is anticipated to occupy l-2y. In
particular, our initial studies are emphasizing the effect of in vitro
age (i.e. the passage age expressed in number of subculturings and
total population doublings). At this stage results are being grouped
by early (<10), mid (11-20), and late (21+) passage number. A
preliminary analysis of the (incomplete) survival data accumulated thus
far supports, within given cell lines, a tentative pattern of slight
increase in radiosensitivity as cells progress from early to mid, or
from mid to late, passage number. (The complete range of progression
has been performed with only one line at this date; it is also
consistent with this pattern).
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4.15 THE DEVELOPMENT OF A RAPID SCREENING PROCEDURE FOR RADIOSENSITIVE
INDIVIDUALS
- M.C. Paterson and R.S. McWilliams

Th" goal of these investigations is to develop a rapid,
inexpensive, and convenient screening assay for radiation sensitivity
of individuals, using a dye (trypan blue) exclusion test for
post-irradiation viability of human peripheral blood lymphocytes (HPBL)
isolated from sampled blood. The establishment of a tentative "range
of normals" has been described.

In anticipation of the need to transport blood samples, taken from
patients (with radiosensitive syndromes) in a clinical setting at a
distant site, back to Chalk River for Y-ray survival analysis on HPBL,
the most favourable holding conditions for such blood samples were
established. Holding at 0°C appears to be detrimental and should be
avoided: cells held at ice-water equilibrium for 5 h were more
radiation-sensitive than those worked up immediately, and gave
inconsistent results in replicate determinations; cells held at 4°C for
the same period, however, responded in a fashion similar to those
worked up immediately.

A positive radiosensitive control was desired for the HPBL dye
exclusion test for viability. Arrangements are being made to test
blood samples from patients with the ionizing radiation-sensitive and
cancer-prone syndrome ataxia telangiectasia (AT) and from their
parents, who are heterozygous carriers of the gene for this autosomal
recessive disorder (both genetic make-ups have demonstrable
radiosensltivity by other in vitro methods). In our first test, blood
samples were obtained from a 4y old male AT patient and from both his
parents, in Kingston, Ontario. These samples were transported to Chalk
River inside 50 ml polypropylene tubes, lying on their sides on ice in
a Styrofoam container (the heat transfer coefficients in this simple
arrangement are such that the blood samples are maintained near 4°C and
avoid the critical region near 0°C). Upon arrival at CRNL, the HPBL
survival assay was initiated on the coded (blind) samples; y-ray
exposures were 62.5 and 125 rads, and survival was scored at 2, 3, and
5 days. The results, after decoding, were: (i) the response of
lymphocytes isolated from the AT patient was essentially normal (no
radiosensitivity was apparent); (ii) the patient's mother showed a
response in the lower part of the normal range; (iii) the father's
response fell below the normal range and could be considered sensitive.
We were subsequently informed that one of the samples (which one is not
known) was unfortunately subjected for a time to ice temperatures when
the blood samples were taken in the pediatrician's office. We hope to
assay HPBL from further donors possessing the AT gene. Also, the
donors used to establish the normal range were all adults; an
age-matched control remains to be done.
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4.16 EFFECT OF CHRONIC VS. ACUTE IONIZING RADIATION EXPOSURE
- M.C. Paterson, B.P. Smith, S. McFarlane and N.E. Gentner

These investigations were initiated with the expectation of
developing a reproducible method whereby the difference in
radiosensitivity of mildly radiosensitive compared to normal strains
could be amplified. Most DNA damaging agents, and ionizing radiation
in particular, induce a spectrum of DNA lesions; the putative repair
deficiency in a radiosensitive strain may be for only one or a small
number of these lesions. If more time is allowed for repair by
protracting the exposure, repair-competent normal cells should recover
from potentially lethal damage to a greater extent than do
repair-deficient cells.

Ataxia telangiectasia (AT) strains were the first radiosensitive
lines examined because of: (i) our substantial familiarity with their
response to acute exposure; and (ii) our desire to be able to assess
with greater sensitivity the relative impairment, both in survival and
in repair at the molecular level, that exists in AT heterozygates,
since these carriers (1% of the general population) may account for 5%
of the actual cancer mortality up to age 45.

On chronic (34 rad/min) vs. acute (25,250 rad/min) irradiation,
normal cells required about twice as much oxic Y~ray exposure to
inactivate them, i.e. dose-modifying factor (DMF) = D10(chronic)/°10(acute)= 2.
Cells from AT homozygotes, in contrast, showed little or no discernible
increase in survival, for a given total exposure, on chronic compared
to acute irradiation. On protracted exposure, AT heterozygotes
displayed a survival increase (DMF a 1.3-1.5) which was intermediate
between that of AT homozygotes and normal strains. This experimental
approach has thus succeeded in amplifying the difference in survival
response between AT heterozygotes and normals, thereby increasing the
sensitivity with which a slight radiosensitivity in AT heterozygotes
can be detected.

The chronic Y~?ay dose rate (34 rad/min) used was chosen with
reference to the kinetics of single strand break (SSB) repair in normal
cells. At this dose rate, based on our determination of the tL for
SSB repair in wild-type strains at low (e.g. 300 rad; ti - 2 min)
Y-exposures, we expected that such cells should be capable of repairing
such lesions at a rate comparable to or greater than the rate at which
they are being induced. (The emphasis on SSB repair occurs because AT
strains repair SSB normally, but are deficient in handling a base .
lesion[s] recognizable ^n vitro by a test Y-endonuclease incision
activity.) Our predictions were verified at the molecular level:
immediately after the standard (50 krad) acute oxic Y-irradiation,
human fibroblast DNA shows 1.7-2.2 SSB/107 daltons; in the
chronically irradiated cells (same total exposure), the number of
induced SSB evident at the end of exposure was 2-3% that of the acute
value, both for normal and for AT cells. This result, further, argues
against any contention that the critical repair deficiency in AT cells
involves inability to repair some minor but crucial component of SSB.
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Conversely, at the end of a chronic exposure regime one might
expect radiosensitive cells to contain (compared to normal cells) a
greater absolute number of the type of lesion(s) for which they are
repair deficient. Furthermore, a greater proportion (compared to acute
exposure of the same cells or to chronic exposure of normal cells) of
the lesions extant at the conclusion of chronic irradiation should be
of the type which is repaired anomalously. For AT cells, these would
presumably be the y~end°nuclease-sensitive sites (Y-ESS); we
anticipated that their frequency would be greater in AT than in normal
cells, at the conclusion of chronic irradiation. Our preliminary
results, however, suggest that the content of Y~ESS is the same in AT
and normal cells after chronic as well as after acute exposure:
~ 0.3 y-ESS/107 daltons at 34 rad/min; ~ 0.75 y-ESS/107 daltons at
600 rad/min; and 0.9-1.2 Y-ESS/10' daltons at 25,250 rad/min. If
substantiated by further experiments, this unexpected result might be
explained by a higher proportion in chronically-irradiated AT compared
to normal cells of some Y-ESS especially crucial to survival. This
hypothesis can be tested by comparing the relative abilities of normal
and AT cells as regards subsequent repair of these lesions which remain
at the termination of chronic irradiation: if the relative deficiency
of AT compared to normal cells was more marked than after acute
exposure, the hypothesis would be supported. Alternately, an even
lower dose rate than that presently employed for chronic exposure may
be required to emphasize the differential rate of repair of Y-ESS as
established by direct measurement of repair response after acute
exposure*

4.17 IMMUN0L0G1CAL ASSAY OF DNA DAMAGE BY MONOCLONAL ANTIBODIES
- M.C. Paterson and G. Norton

A major part of our activity has been devoted to the development
of procedures for cloning myeloma and hybridoma cells (these latter can
provide monoclonal antibodies for particular types of DNA damage,
thereby allowing quantitation of such damage with high specificity and
exquisite sensitivity) at CRNL. Difficulties initially encountered in
such cloning procedures have been traced to the agarose step, and
proved to be attributable to a substance extracted (during
sterilization of the agarose) from the caps of the scintillation vials
used for this purpose. Agarose sterilization is now performed entirely
in glass, and cloning proceeds satisfactorily.

4.18 LOW POSE - LOW DOSE RATE GENETIC EFFECTS OF IONIZING RADIATION IN
YEAST
- P. Unrau with D. Adams and M.C. Wolfgram

Radiation sensitivity of cultures grown in acetate medium was
determined for cultures in late exponential phase through to stationary
phase (Go). The yield of mutants and convertants per rad fell as
cultures became more deeply stationary phase in character. Suitable
strains for accessing the effects of nucleotide pool size on mutation
and conversion yields are not yet available and no progress has been
made on this problem. However cells grown in acetate medium have been
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protoplasted and techniques are being developed for isolating
nucleoids, chromosomal DNA, and ultimately measuring double strand
breaks in the isolated DNA. This work will determine if the initial
numbers of lesions is different in G^ than in Go cells, or if cell
physiological changes have lead to the observed difference in yields of
conversion events in 6^ and 60 cells.

4.19 PHYSIOLOGICAL PARAMETERS IN RECOMBINATIONAL REPAIR
- P. Unrau and J.R. Johnson

A model to describe the relationship between the expectation of
generating double strand breaks (D.S.B.) from ionizing radiation and
the expectation of gene conversion has been further developed to
account for various types of mutant alleles in crosses and compared to
published results. The mathematical description of this model is being
developed for consideration and eventual publication. A key point
concerns the extension of heteroduplex (recombining) M A strands from
the D.S.B. site. Current recombination models suggest that
heteroduplex extension has both an excision-resynthesis and a
diffusional component. The genetic consequences of these extension
mechanisms differ and an adequate model needs to account for both types
of extension.

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

The Employee Identity Summary (EIS) forms for summer students
employed at Chalk River have been prepared for possible entry into the
AECL Health Study. Radiation dose records have been entered and the
bioassay records are now being searched and the data entered on the
forms.

The final EIS forms for the Canadian military personnel involved
in the 1953 and 1958 clean-ups have been prepared. As soon as
confirmation of the entries has been obtained from the Department of
National Defence they will be sent to WNRE for inclusion in the Health
Study.

Preparations have been made to update the reports on mortality
among past CRNL employees and these who were involved in the NRX and
NRU clean-ups to include deaths occurring in 1981 and 1982.
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4.21 PUBLICATIONS

N.E. Gentner: Calculation of Cancer Risk from Coal-Fired Electricity
Generation. Abstracts of the 10th Regional Congress of the
International Radiation Protection Association and Annual Congress
of the French Radioprotection Society, p.16 (1982) [Abstract]

M.M. Werner, D.K. Myers and D.P. Morrison: Follow-up of AECL Employees
Involved in the Decontamination of NRU in 1958. Atomic Energy of
Canada Limited, Report AF.CL-7901, 1982 September.
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4.22 VERBAL PRESENTATIONS

4.22.1 Lectures or Seminars

H.C. Birnboim: "Importance of DNA Damage in Tumor Promotion".

Department of Biochemistry, Queen's University, Kingston, Ontario,
1982 November 19.

H.C. Birnboim: "DNA Damage and Tumor Promoters". Institute of
Environmental Medicine, New York University, Tuxedo, New York,
1982 October 28.

N.E. Gentner: Calculation of Cancer Risk from Caol-Fired Electricity
Generation. Presented at Forum on Identification and
Categorization of Damage from Exposure to Noxious Agents, 10th
Regional Congress of the International Radiation Protection
Association, Avignon, France, 19 October 1982.

N.E. Gentner: Assessment of Health Effects from Low Dose Ionizing
Radiation. Presented at EPIC'82: Course on Environmental
Epidemiology organized by Faculty of Medicine, University of
Ottawa, 01 November 1982.

M.M. Werner: Report on the Follow-up Study of Past Employees of Chalk
River Nuclear Laboratories. "Work in Progress" meeting sponsored
by Eldorado Nuclear Limited, Ottawa, October 25, 1982.

M.M. Merner: Population Studies. Presented at the Environmental
Epidemiology Course (Epic '82), Faculty of Health Sciences,
University of Ottawa, November 1, 1982.

D.K. Myers: Health Effects of Radiation and Basis of Exposure Limits.
Nova Scotia Uranium Enquiry, Halifax, N.S. 1982 October 01.

D.K. Myers: Health Effects of Radiation and Basis of Exposure Limits.
Uranium Mine Radiation Safety Course, Elliot Lake, Ontario,
1982 October 18.

D.K. Myers: Follow-up of Irradiated Human Populations. Canadian
Nuclear Association Symposium, Toronto, Ontario,
1982 November 03.

M.C. Paterson: Ataxia-telangiectasia: An Inborn Error of PNA
Metabolism linking Cancer, Neurodegeneration and Immunodeficiency.
Invited talk during Clinical Rounds, Department of Peditrlcs,
Kingston General Hospital, Kingston, Ontario, 1982 October 05.
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M.C. Paterson: Genetic Fingerprinting for Cancer Risk. Invited talk
to Science Focus '82, Ottawa, 1982 October 23.

M.C. Paterson: Molecular ecogenetics of cancer causation. Invited
talk to Graduate students, Biology Dept., Queen's University,
Kingston, Ontario, 1982 October 05.

M.C. Paterson: Aberrant repair of UV-induced DNA damage in cultured
xeroderma pigmentosum fibroblasts. Invited talk at Fourth Annual
scientific Meeting of Division of dermatology - Ontario Cancer
Foundation, University of Ottawa, Ottawa, 1982 October 22-23.

M.C. Paterson: A Model Disorder Linking Radiation, Cancer,
Neuropathology and Immunodeficiency. Invited talk to the Faculty
of the Biology Dept., University of Sherbrooke, Sherbrooke,
Quebec, 1982 November 02.

M.C. Paterson: Environmental and Hereditary Interactions in Cancer
Causation. Invited talk to the Students of the Biology Dept.,
University of Sherbrooke, Sherbrooke, Quebec, 1982 November 02.

M.C. Paterson: Hypersensitivity to Carcinogens (including radiation);
DNA Repair Deficiency. Invited talk to Personnel at T?ealth and
Welfare Canada, Ottawa, 1982 December 03.
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4.22.2 Local Talks

N.E. Gentner: Research on PNA Damage, Its Repair, and Relevance to
Cancer. Presentation to Scientific Officials of the Sudbury
Science Centre, at CRNL, 16 November 1982.

N.E. Gentner: Cancer Research. Renfrew County media briefing, CRNL,
25 November 1982.

P. Unrau: Mechanisms of Induced Mitotic Gene Conversion, presented to
Radiation Biology Branch staff, 1982 November 01.

A. 23 Invited Speakers

F.K. Zimmerman: "An Aneuploidy Assay in Saccharomyces Cerevisiae".
Presented as a Health Sciences Division Seminar, CRNL,
1982 October 18.
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5. BIOMEDICAL RESEARCH BRANCH

by

J.R. JOHNSON
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5.3.3 Cross Calibrations with Radiation Protection Bureau (RPB)
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5.1 STAFF

Branch Head

Secretary

Professional

Technical

Clerical

J.R. Johnson

L.A. Kaden

G.H. Kramer
B.F. Peterman

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

P.A. Robinson

M. Greshatn (Part-time)

5.2 BIOASSAY LABORATORY

5.2.1 Notes to Tables 5.2.1.1 - 5.2.1.4

1) The term "positive" indicates samples that contained a
significant amount of a particular radioactive isotope.
An individual positive at a particular time is removed
from exposure to radioactive materials until subsequent
analyses show excretion has fallen to negligible levels.

2) This analysis measures total radioactive alkaline earth
and lanthanide radioisotopes.

3) It is assumed that tritium is in the oxide form.

4) Iodine analyses include 1-125 and all the iodine radionuclides
in fission products. A direct measurement of activity in the
thyroid is usually the criterion for removal of an individual
from work involving radioactive materials when exposure to
radioiodine has occurred. Bioassay tests for iodine are
used mainly to determine whether or not the radioiodine
content of the thyroid should be measured directly;
occasionally they are used as a criterion for removal from
work with radioactive materials, when a direct thyroid
measurement is not feasible.

5) Gamma-ray spectroscopy of raw bioassay samples for gamma-
emitting fission and activation products.

6) Alpha-emitting actinide analyses include plutonium, thorium,
americium, curium as well as actinium.
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7) Miscellaneous analyses included C-14, P-32 and Pb-Nat.

8) Total number of cases in a particular period showing a
clearly measurable, abnormal amount of radioactivity in
the urine. For radioiodines, this includes cases where
thyroid monitoring was requested because of high urinary
excretion or where more than 2 nCi (74 Bq) was present in
the thyroid.

5.3 IN VIVO MONITORING

5.3.1 In Vivo Monitoring Table - Table 5.3.1

5.3.2 Thoron-in-Breath Monitor - B.F. Peterman

The construction of the thoron-in-breath monitoring
system is complete and initial calibrations performed. The
system is calibrated by passing air through a solution
containing a known quantity of Th-228 and the alpha particle
spectrum of the material collected on the ZnS impregnated
mylar disc (see Section 5.3.2 of PR-HS-13) measured. These
measurements showed that only thoron daughters were collected,
and the time dependence of the alpha count rate agrees well
with predictions. About 60% of all the daughters produced
are collected on the disc. An abstract for a presentation
describing this instrument, its calibration and intended
use has been submitted for the Annual General Meeting of
the Canadian Radiation Protection Association.

5.3.3 Cross Calibrations with Radiation Protection Bureau (RPB) -
B.F. Peterman

The RPB of Health and Welfare Canada has recently obtained
a realistic thorax phantom developed by Lawrence Livermore
Laboratory. This phantom is one of about 14 identical ones
that have world-wide distribution including one at IAEA for
international calibration programs. The RPB phantom has
removable lungs which can be impregnated with radioactive
materials and used for calibration purposes. It was brought
to CRNL with lungs containing natural thorium and natural
uranium to recalibrate the CRNL phoswich detector system
(AECL-5621). The natural uranium calibrations were in excellent
agreement with those already in use at CRNL, and the natural
thorium calibrations agreed well with calculated values based
on Am-241 and natural uranium, assuming that the natural thorium
was in equilibrium with its daughters.



Table 5.2.1.1

Bloassay Analyses

PERSONNEL OF CHALK RIVER NUCLEAR LABORATORIES

1982

g-emitters (2)

Tritium (3)

Iodine (4)

Y-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

SEPTEMBER

TOTAL

248
149

476
280

47
39

295
213

20
16

18
17

1
1

1105
3

Positive

Number

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

(1)

%

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

OCTOBER

TOTAL

231
184

447
247

70
57

236
176

31
22

15
14

2
1

1032
5

Positive

Number

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

(1)

X

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

NOVEMBER

TOTAL

208
173

449
275

27
18

259
176

30
22

10
8

1
1

984
2

Positive

Number

0
0

0
0

0
0

. 0
0

0
0

0
0

0
0

0
0

(1)

X

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

TOTALS

TOTAL

687
506

1372
802

144
114

790
565

81
60

43
39

4
3

3121
10

Positive

Number

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

(1)

z

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0



Table 5.2.1.2

BioasBay Analyses

PERSONNEL OF COMMERCIAL PRODUCTS

1982

B-emitters (2)

Tritium (3)

Iodine (4)

Y-emltters (5)

Natural and Enriched
Uranium

a-emittlng actlnides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

SEPTEMBER

TOTAL

5
5

0
0

8
8

26
23

1
1

0
0

1
1

41
0

Positive (1)

Number

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

z

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o

0
0

OCTOBER

TOTAL

7
7

0
0

21
16

15
13

1
1

0
0

7
7

51
1

Positive (1)

Number

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

Z

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o

0
0

NOVEMBER

TOTAL

2
2

0
0

21
14

13
11

0
0

0
0

0
0

36
0

Positive (1)

Number

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o

0
0

Z

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

TOTALS

TOTAL

14
14

0
0

50
38

54
47

2
2

0
0

8
8

128
1

Positive (1)

Number

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o

0
0

Z

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o
 

o
o

0
0



Table 5.2.1.3

Bloas8ay Analyses

PERSONNEL OF OTHER ORGANIZATIONS

,82

(̂ -emitters (2)

Tritium (3)

Iodine (4)

Y-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Test 8
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

TOTAL

9
9

4
4

1
1

14
8

0
0

0
0

2
1

30
0

SEPTEMBER

Positive

Number

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

(1)

X

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

OCTOBER

TOTAL

6
3

1
1

0
0

6
3

0
0

0
0

0
0

13
1

Positive

Number

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

(1)

z
0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

NOVEMBER

TOTAL

-

-

-

-

-

-

-

-

Positive (1)

Number

_

-

-

-

-

-

—

-

X

-

-

-

-

-

—

-

TOTALS

TOTAL

15
12

5
5

1
1

20
11

0
0

0
0

2
1

43
1

Positive

Number

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

(1)

X

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0



Table 5.2.1.4

Bloassay Analyses

1982 SUMMARY

(1981 December 01 to 1982 November 30)

8-eaitters (2)

Tritium (3)

Iodine (4)

y-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

CRNL

TOTAL

2981
2299

5948
3213

631
439

3186
2381

341
221

191
165

22
16

13300
124

Positive

Number

0
0

2
1

0
10

0
0

0
0

0
0

0
0

2
11

(1)

%

0
0

0.1
0.1

0
3.9

0
0

0
0

0
0

0
0

0.1

COMMERCIAL PRODUCTS

TOTAL

175
171

0
0

161
139

313
274

8
7

1
1

56
51

714
32

Positive

Number

0
0

-

0
0

0
0

0
0

0
0

0
0

0
0

(1)

z

0
0

_

0
0

0
0

0
0

0
0

0
0

0

OTHER

TOTAL

34
26

36

7
5

69
51

9
2

0
0

12
7

167
1

ORGANIZATIONS

Positive

Number

0
0

0
0

0
0

0
0

0
0

_

0
0

0

c

(1)

z

0
0

0
0

0
0

0
0

0
0

_

0
0

0

TOTALS

TOTAL

3190
2496

5984
3246

799
583

3568
2706

358
230

192
166

90
74

L4181
157

Positive

Number

0
0

2
1

0
10

0
0

0
0

0
0

0
0

2
11

(1)

Z

0
0

0.1
0.1

0
1.7

0
0

0
0

0
0

0
0

0.1



Table 5.2.1.5

ENVIRONMENTAL AND PROCESS SAMPLE ANALYSES

1982

AECL

Tritium
a-emitting actinides
B-emitters
Y-emitters
Uranium

OTHER ORGANIZATIONS

Tritium
a-emitting actinides
3-emitters
Y-emitters
Uranium

TOTALS

SEPTEMBER

348
0
0
0
0

0
0
0
0
0

348

OCTOBER

358
0
0
0
0

0
0
0
0
0

358

NOVEMBER

353
0
0
0
0

0
0
0
0
0

353

TOTALS

1059
0
0
0
0

0
0
0
0
0

1059

I

oo



Table 5.2.1.6

ENVIRONMENTAL AND PROCESS SAMPLE ANALYSES

1982 SUMMARY

(1981 December 01 to 1982 November 30)

AECL

Tritium
n-emitting actinides
8-emitters
Y-emitters

OTHER ORGANIZATIONS

Tritium
a-emltting actinides
B-emitters
Y-emitters
Uranium

TOTALS

1st Quarter

1109
0
0
0

0
0
0
0
19

1128

2nd Quarter

1182
0
0
0

0
0
0
0
0

1182

3rd Quarter

1192
5
0
0

0
0
0
0
12

1209

4th Quarter

1059
0
0
0

0
0
0
0
0

1059

TOTALS

4542
5
0
0

0
0
0
0
31

4578

00

en



Table 5.2.1.7

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1982 October 01 - December 31

AID
CO
EIP
MS
MSC
mm
MB
IKS
MS
1L
HEP

TOTALS

Z of Persons

0-49
•re*

10
16
31
32
3
28
38
3
SO
0
1

212

62.5

50-99
area

0
7
7
17
0
26
0
0
7
0
0

64

18.9

100-199
area

0
14
0
3
1
29
0
0
8
0
0

55

16.2

NUMBER

200-299
mrem

0
1
0
1
0
5
0
0
1
0
0

8

2.4

OF TESTED

300-399
area

0
0
0
0
0
0
0
0
0
0
0

0

0.0

PERSONS IN GIVEN DOSE RANGES

400-499
area

0
0
0
0
0
0
0
0
0
0
0

O

0.0

500-999
area

0
0
0
0
0
0
0
0
0
0
0

0

0.0

1-3
rea

0
0
0
0
0
0
0
0
0
0
0

0

0.0

3-5
rea

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Above
5 rea

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Tested
Persons

10
38
38
53
4
88
33
3
66
0
1

339

100.0

Total
area

24
2957
1056
2400
112
7614
442
1

2347
0
8

16965

00
-J

MOTES TO TABLE ABOVE

(1) Doses are estiaated froa 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 AECt-5507.

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



Table 5.2.1.8

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1982

AM)
CO
EIP
MS
MSC
NID
NIK
U S
RIS
RL
WEP

TOTALS

X of Persons

0-49
area

49
14
30
51
17
21
34
15
49
1
9

290

55.0

50-99
•rent

0
4
2
12
2
6
9
1
18
0
0

54

10.2

100-199
mrem

0
6
16
15
1
25
1
1
12
0
0

77

14.6

NUMBER

200-299
mrem

0
4
0
10
0
19
0
0
6
0
0

39

7.4

OF TESTED

300-399
mrem

0
3
0
3
0
17
0
0
3
0
0

26

4.9

PERSONS IN

400-499
mrem

0
3
0
1
0
13
0
0
2
0
0

19

3.6

GIVEN DOSE RANGES

500-999
mrem

0
11
0
1
0
7
0
0
1
0
0

20

3,8

1-3
rem

0
2
0
0
0
0
0
0
0
0
0

2

0.4

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

49
47
48
93
20

. 108
44
17
91
1
9

527

100.0

Total
mrem

167
14920
2930
8117
358

25601
1555
266
7887

3
178

61986

OQ

oo

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.

(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 5.3.1

IN VIVO MONITORING

1982 SEPTEMBER - NOVEMBER

NRX
NRU
Chemical Operations
R.& I.S.
Fuels and Materials
Reactor Control
W.E.& P.
Mechanical Services
Chemistry & Materials
Health Sciences
Physics
Administration
Advanced Projects and

Reactor Physics
Environmental Samples

Whole Body Monitoring

Number*

2
6

65
14
86
11
25
70
8
6
1

30
1

5

No. Positive

4
3

1

Lung Monitoring

Number*

1 :

8
3

3
1

2)
No. Positive

Other Monitoring

Number*

1

7
1

• 3)
No. Positive

6
1

Clothing Monitoring

Number*
i-t

6

1)
No. Positive

1
2

00

NOTES:

* Number - Number of people monitored in period.
1) Greater than 10 nCit of isotopes emieting gamma rays above 100 keV.
2) Any measurable amount of alpha-emitting isotopes.
3) Any results that indicate a minor or greater contamination (i.e. > 10 nCit of 5I, etc).

t 1 Ci - 37 GBq
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5.4 RADIOCHEMICAL SEPARATIONS - G.H. Kramer

Nothing to report.

5.5 METABOLIC STUDIES

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

Procedures for the standardization of the stock solutions
of strong acid, strong base, amino acids and metal ions have
been established. Sodium hydroxide (50% w/v) is kept in a
large polyethylene carboy and is protected from atmospheric
carbon dioxide by an "ascarite" trap. Transfers of this
concentrated solution are done under nitrogen. A stock
solution of sodium hydroxide is prepared by taking a small
amount of the concentrated solution and diluting it to
approximately one litre. This solution is kept under nitrogen
in a polyethylene container. The concentration of the stock
solution is estimated by titrating it against a weighed amount
of potassium biphthallate (primary standard grade) and
calculating the end point by the Gran method. This procedure
is repeated for a total of three estimations. Typically,
results agree to within 0.2% of the mean value.

The procedure for standardizing the stock strong acid
is similar to the above. An aliquot of the prepared acid
solution is titrated against the standardized sodium hydroxide
solution and the end point determined by the Gran method. This
procedure is also repeated for a total of three estimations.
Typically, results agree to within 0.3% of the mean value. The
increased error is a function of the uncertainty in the sodium
hydroxide solution and the uncertainty in delivering the
aliquot of strong acid. Preliminary studies in this laboratory
could only obtain a 1% agreement to the mean value for the
stock acid concentration. Further studies and subsequent
calculations showed that the cause was the poor reproducibility
of delivering an aliquot from a pipet. The best precision that
could be obtained with a pipet was 0.02 mL which was not
adequate. New equipment was obtained and aliquots are now being
delivered by dispensers that use syringes. Each assembly is
calibrated by this laboratory. Further studies are yet to be
made using a micrometer syringe.

Amino acids are calibrated by acid-base titration after
recrystallization. The end point is determined by the modified
Gran method as described by Gran and Johansson (Analyst 106,
231, 1981). This method was used to check the purity of the
glycine. The result obtained was 100.78%.
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Metal ion concentrations are determined gravimetrically
and volumetrically. Nickel solutions were standardized by
the dimethylglyoxime (gravimetric) and EDTA (volumetric)
methods. Additionally, a sample was submitted to the General
Chemistry Branch for instrumental analysis. Unfortunately,
the latter method proved to be unreliable due to dilution
errors. The estimation of nickel in this laboratory obtained
good agreement between gravimetric and volumetric methods.
The results were within 0.7% and 0.4% of the means, respectively.

5.5.2 Equilibrium Constant Calculations - G.H. Kramer

A new computer program, MAGEC, has been acquired and
several others have recently been reported in the literature.
Studies of new calculation methods that have also recently
appeared in the literature have been undertaken.

A new program, ELENDIL, has been written and is still
being tested. This program should perform the functions of
MAGEC much faster and require less user time. The best use
of MAGEC, as described by Williams and May (Analytical
Chemistry - to be published), require the user to cycle the
data between MAGEC and MINIQUAD until a satisfactory
convergence is reached. ELENDIL is designed to pe-form
this function in one run. The successful completion ot
ELENDIL will also modify experimental conditions so that
experimental running times can be reduced by a factor of two.

Studies were also carried out to estimate the effect
of the possible errors (i.e. concentration, mV readings,
temperature) on the final values of the equilibrium
constants. The majority of this work was performed using
MINIQUAD 82. It was found that in most cases the values
of the equilibrium constants were not changed greatly;
however, in some cases the values were altered by more than
one order of magnitude. Furthermore, the program frequently
converged on a completely incorrect set of values. These
series of tests showed that the precision of the equilibrium
constant determination is of paramount importance in obtaining
accurate results from the complex systems that are to be
studied.

5.5.3 Carbon - J.R. Johnson and N.J. Gragtmans*

The last of the 40 rats injected with C-14 as a
carbonate in 1981 December were sacrificed. The results

* Radiation Biology Branch
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of the 12-month retention study of carbon in liver, muscle
and bone is being used in conjunction with excretion studies
in humans conducted by Ontario Hydro to develop an improved
model of carbon metabolism in humans for use in radiation
protection.

5.6 METABOLIC MODELS AND INTERNAL DOSIMETRY

5.6.1 Revision of AECL-6540 - J.R. Johnson

This report has been completely rewritten, taking into
account improved models, parameters, and methods of calculation.
It is being reissued with a revised title "Dose Conversion
Factors for Intakes of Selected Radionuclides by Infants and
Adults" and with the number AECL-7919. It will be printed
in 1983 January.

5.6.2 Federal/Provincial Working Group on Bioassay and In Vivo
Monitoring - J.R. Johnson

The draft guideline for radioiodine bioassay monitoring
was circulated to interested individuals and organizations for
comments. These comments have been incorporated into a final
report, which is being prepared for printing.

5.6.3 CSA N288.1 Standard - J.R. Johnson

A draft of this standard ("Routine Releases of Radio-
nuclides to the Environment") has been reviewed by the
Working Group. After the revisions that resulted from
the review are incorporated (by others) it will be submitted
to the N288 Technical Committee. It is anticipated that the
dose conversion factors given in the standard will be those
calculated at CRNL and listed in AECL-7919.

5.6.4 Doses from Slowpoke III - J.R. Johnson

Equations and data were developed to calculate internal
doses to a person inside a building containing a slowpoke III
reactor per unit activity released into the building as a
function of residence time and ventilation rate. Important
radioactive daughters, such as those in the tellurium-iodine
decay chains, were accounted for. Calculations for use in
the preliminary safety analyses study were calculated for a
building volume of 1000 m3 with one air change per hour.
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5.6.5 IAEA Technical Committee on Internal Dose Assessment -
J.R. Johnson

This committee first met in 1980 to review the state-
of-the-art in internal dose assessment and, if feasible, to
produce an IAEA Safety Series report giving practical advice
on the subject. Work has now begun on this report, and
CRNL is producing an annex containing metabolic . ..odels,
retention tables, dosimetry factors, committed doses, and
derived investigation levels for a number of common radio-
nuclides.

5.7 MISCELLANEOUS

5.7.1 Interactive Computer Facility Procedure - G.H. Kramer

The upcoming change to the NOS operating system has
been prefaced by the computing centre's development of user
routines to facilitate user interaction with the Cyber 720
computer. These routines (contained in BPPOC) are cumbersome
and slow. An improved version (PROCFIL) has been developed
that is much more efficient in that it results in much
faster interactive procedures and retains the simplicity
for the interactive user.

5.7.2 Rat Experiment Information Storage File (REISF) - D.W. Dunford

An indexed sequential file has been constructed to
organize the data of the rat mammary tumor incidence from
chronic and acute gamma and acute X-ray exposures being
conducted by the Radiation Biology Branch. The procedures
to maintain and update this file are on the NOS (interactive)
system and it is anticipated that these procedures and the
file will greatly facilitate handling and analysis of the
data from the 1600 rats involved in the experiment.

5.8 PAPERS, REPORTS, PRESENTATIONS, LECTURES

5.8.1 Papers

Johnson, J.R. - "Fetal Thyroid Dose from Intakes of Radioiodine
by the Mother", Health Physics 43, (4), 573-582, 1982, AECL-7694.

5.8.2 Reports

Kramer, G.H. and Joseph, S. - "A Methodology for the Optimization
of the Estimation of Tritium in Urine by Liquid Scintillation
Counting", Atomic Energy of Canada Limited, AECL-7611, 1982
October.
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5.8.3 Presentations

Kramer, G.H. - "Radiochemical Determination of Technetium-99
in Urine", Presented at the 28th Annual Bioassay, Analytical
and Environmental Chemistry Conference, Natick, Massachusetts,
1982 October 13-15.

5.8.4 Informal Presentations

Peterman, B.F. - "Human Internal Dosimetry at CRNL", Presented
at Eldorado Nuclear Limited, Ottawa, Ontario, 1982 October 25.

Johnson, J.R. - "Radiation Exposure Monitoring and Standards",
Lecture at the Environmental Epidemiology Course at the Ottawa
Health Sciences Centre, Ottawa, Ontario, 1982 November 01.
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6. MEDICAL BRANCH

by

D.W.S. Evans

6.1 STAFF

6.2 CLINIC PROCEDURES

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

6.3 CLINIC VISITS BY WORK CATEGORIES

6.4 BREAKDOWN BY INTERNATIONAL CODE

6.5 MEDICAL EXAMINATIONS

6.6 NON-OCCUPATIONAL ABSENTEEISM

6.7 LABORATORY PROCEDURES

6.7.1 X-Ray Department
6.7.2 Haematoiogy
6.7.3 Urine

6.8 TOTAL HOSPITAL PROCEDURES
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6.1 STAFF

Branch Head D.
Secretary V.
Professional J.
Nurses A.

J.
Medical Technicians M.

J.

6.2 CLINIC PROCEDURES

6.2.1 Occupational

AECL
WTe

Female

Others
Male

Female

W.S. Evans
A. Schizkoske
J. Meenan
Kinloch
Williams
Plattner
Shaw

Accident and Illness

New Visits
Revisits

New Visits
Revisits

New Visits
Revisits

New Visits
Revisits

Sept.

43
27
70

5
1
6

—

Oct.

30
32
62

1

T
l

T
—

Nov.

25
33
S8

3

—

Grand
Total Total

190

11

1

202

6.2.2 Non-Occupational Accident and Illness

AECL

Female

Others
Male

Female

New Visits
Revisits

New Visits
Revisits

New Visits
Revisits

- New Visits
- Revisits

369
212
58T

50
32
82

5
2
7

3
2
T

323
201
524

55
21
76"

8
1
~§

1
2
~3

314
229
543

38
29
67

5

"5"

4
2
6

1648

225

21

1908
2TT0
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6.3 CLINIC VISITS BY WORK CATEGORIES

Sept. Oct. Nov.
Staff P.R. Staff P.R. Staff P.R. Total

AECL
UfTTce of Vice-Pres. & 1 - 1 — 1 3

General Manager

Office of Director, Res. — — 4 — — — 4

Office of Dir., A.R.&D.

Office of Gen. Mgr. P.A.&.O

Health Sciences

Chemistry & Materials

Physics

Office of Gen. Mgr. Com. Ops.

Adv. Proj. & Reactor Physics

Fuels & Materials

Special Projects

Elect. Inst. & Control

Quality Assurance

Finance

Information Services

Chalk River Envir. Auth.

Administration

Operations

Plant Design

General Services

Maintenance & Construction 39 236 26 225 23 213 762
3§8~35T 33T 33T 354 3T7 507l

Others
Crawley & McCracken, no i * n „
Attached Staff, etc. • '" " TW

26

24

48

5

13

52

23

15

—

18

3

1

17

26

33

44

--
—

—

—

—

—

—

—

4

—

—

18

30

—

63

22

15

37

3

6

38

10

11

--

24

15

5

15

32

35

33

--

«

--

—

—

—

—

3

—

36

21

~

46

20

22

38

1

6

46

29

11

2

22

7

1

20

32

26

47

—

—

—

--

—

—

—

—

—

—

16

17

—

68

68

61

123

9

25

136

62

37

2

74

25

7

122

158

94

271
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6.4

6.5

BREAKDOWN BY INTERNATIONAL CODE

Infectious and Parasitic Diseases
Neoplasms
Endocrine, Nutritional and Metabolic

Diseases, and Immunity Disorders
Diseases of the Blood and Blood-

forming Organs
Mental Disorders
Diseases of the Nervous System and

Sense Organs
Diseases of the Circulatory System
Diseases of the Respiratory System
Diseases of the Digestive System
Diseases of the Genitourinary System
Complications of Pregnancy, Childbirth
and the Puerperium

Diseases of the Skin and Subcutaneous
Tissue

Diseases of the Musculoskeietal System
and Connective Tissue

Con gen i ta1 An omal1es
Conditions originating in the

Perinatal Period
Symptoms, Signs and 111-defined

Conditions
Injury and Poisoning
External and Internal Contamination
Factors Influencing Health Status

and Contact with Health Services

Grand

MEDICAL EXAMINATIONS
Oct.

Sept.

2
3
6

6
38

51
171

31
6

76

39

3
1

43

140
3

168

m
Nov.

, Oct

1
1
4

4
63

62
141

37
6
1

29

46

—

36

139
1

139

TTO

. Nov.

1
3

9
74

60
101
43
12
2

59

40

1

55

134

126

720

Total

Tota'

3
5

13

19
175

173
413
111
24

3

164

125

C
O

 C
M

134

413
4

433

2217

Grand
Total

AECL
flaTe

Female

Others
Male

Female

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

10
6

76
7
3

TO

5
1
6

„
__

2
1

~3

_-
__

5
1

~6

._

1
2

~3

3

1

19

13

15

47
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6.6 NON-OCCUPATIONAL ABSENTEEISM

Sept. Oct. Nov.
Male Female Male Female Male Female Total

Office of Vice Pres. &
Gen. Mgr.

Office of Dir., Research

Office of Director,
Applied Research & Dev.

--

1

Office of Gen. Mgr., Plant —
Admin. & Operations

Health Sciences

Chemistry & Materials

Physics

Office of Gen. Mgr.
Commercial Operations

Adv. Proj. & Reac. Phy.

Fuels & Materials

Special Projects

Elect. Inst, & Control

Quality Assurance

Fi nance

Information Services

Chalk River Env. Auth.

Administration

Operations

Plant Design

General Services

28%

49%

85

%

34%

111%

37%

24

5%

31%

3%

«

28%

106

61

75%

Maintenance & Construction82
735%

—

1

2%

1%

21%

13%

24%

7

7%

13%

6%

1%

4%

30

37

%

27

14

14%

60%

11
555%

--

--

--

—

16

53

90

6

31%

127

16%

28%

3%

20

2

2

19

100

53%

74

66
708%

2

2%

%

12

7

32

9%

5%

5

11%

4%

4

--

42%

26%

«

17

10%

5

68%

2
268

—

1%

%

--

30

35%

69%

1

23%

85

24

23%

6

19

2

—

30%

81%

44%

58

37%
573

1

3

2

—

22

30%

17

%

5

25%

5%

3%

1%

60%

17

%

26%

14%

12

47

298"*

3

9

5%

13%

125

214

295%

20%

107

374

94%

85

21

203%

88

3

148%

326%

190%

383%

202
2912%
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6.7 LABORATORY PROCEDURES

6.7.1 X-Ray Department

AECL
ffaTi

Female

Others
Male

Female

Haematoiogy

AECL
Male

Female

Others
Male

Female

Routine
Special

Routine
Special

Routine
Special

Routine
Special

Routine
Special

Routine
Special

Routine
Special

Routine
Special

Sept.

69
19

4
T

Oct. Nov.

77
31

1

1

1

T

77
21
98~

1

1

T

1

69
19
88"

18
5

23

3

T
—

70

77

U
4

16"

1

nr
i

104

n
TR"V

4
2T

—

—

—

—

Grand
Total Total

294

280

60

304

345
649



6,7.3 Urine

AECL
RaTi

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- fpecial

6.8
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TOTAL HOSPITAL PROCEDURES

Total brought forward 649

Grand
Sept. Oct. Nov. Total Total

66
2
68

13
_.
13"

3

"3

—

64
4
68

11
3
14

--

1

1

99
8

W
17
-_
17
—
—

--
—

Sept. Oct. Nov.

243

44

291
940

Audiometric Tests
Blood Pressures
Clinic Procedures
Electrocardiograms
Laboratory Procedures
Medical Examinations
Respiratory Function Tests

37
49
751
7

290
32
31

38
55

677
12

289
9
41

22
112
682
8

361
6
14
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