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HEALTH SCIENCES DIVISION SUMMARY

A.M. Marko

Health Physics

When a person is exposed to a neutron source, the amount of 2ltNa
produced in blood by thennal neutron capture is one indication of the dose
received. In order to interpret the data it is necessary to know the fraction
of incident neutrons of different energies that are captured. Calculations of
this fraction are in progress.

Calculations of dose distributions in air and water, from point and
plane sources of beta emitters are continuing.

Extensive re-design of the automatic Thermoluminescence Dosimeter (TLD)
reader is in progress to extend the facilities of the existing system and to
incorporate improvements in technique now available. The use of TLDS for
environmental monitoring is being refined by new calibration procedures and
more versatile data handling methods.

Studies are continuing on the application of semi-permeable membranes
to permit the separate evaluation of mixtures of tritium in the form of molecular
hydrogen and tritiated water to meet a requirement expected in the operation of
tritium recovery plants.

A simple monitor has been built for the measurement of tritium concen-
trations at or above the maximum permissible level. Satisfactory operation
has been found and attempts are being made to obtain further reductions in
mass below the 2 kg achieved in the first prototype. High level tritium
detectors have been designed for use in an experimental catalytic exchange used
in a tritium recovery system.

Geiger counters equipped with energy-dependence correction filters are
convenient detectors for radiation dose rate meters but suffer the limitation
of increasing saturation as the exposure rate increases. Means of providing
automatic correction for dead-time losses using a microprocessor are being
examined. It appears that a satisfactory solution will be found which will
enable the use of a counter of sufficient sensitivity to be useful also in low
radiation fields.

Measurements have also been carried out on the behaviour of Geiger
counters at high temperature for application to the measurement of activity
levels in reactor cooling circuits.

Field testing of a prototype monitor for detection of radio-xenons
from the 9 9Mo production plant has continued throughout the period with
satisfactory results. Additional refinements in the data presentation are
being incorporated in the final version, now under construction.
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Work by staff members on three international study groups is contin-
uing and approaching completion and work on the President's Commission on
Three Mile Island has been completed. The continuing work which comprises
editing at Chalk River is on a Manual on Criticality Accident Dosimetry for
IAEA, a Manual on Handling of Tritium-Bearing Effluents and Wastes for IAEA
and a Report on Effluent Releases from the Nuclear Fuel Cycle for OECD/NEA.

Environmental Research

Grounciwater and associated sediments in the vicinity of the CRNL
Waste Management Area have been examined for total bacteria and populations
of nitrate-reducing and denitrifying microorganisms. Sediment-phase bacteria
were examined on sediments which had been recovered from equilibrated soil
columns. These studies have shown directly the presence of bacteria capable
of catalyzing the processes of nitrate reduction and denitrification, and
further, that analysis of groundwater alone may greatly underestimate the
potential for subsurface biologic activity.

A series of soil and groundwater samples were taken downstream of the
second glass block experiment and analyzed for 1 3 7 C s . Although the bulk of
the 1 3 7Cs is held on the soil in close proximity to the blocks, in accordance
with Kj measurements, there is a low activity plume that extends out for 8 m.
The possibility that this plume is due to adsorption of 1 3 7Cs on fine partic-
ulates and their subsequent movement with the groundwater is being investi-
gated.

An important process in determining the long-range transport of
atmospheric contaminants is their deposition on the earth's surface. To
gain a better understanding of this process CRNL and the Atmospheric Environment
Service have planned a cooperative field study of deposition of radioactively-
labelied monodispersed aerosols. The experiments are due to start in mid-
January.

A contract for analyses of z 2 6Ra and 1 3 7Cs in fish and water of Great
Slave Lake has been negotiated with the Freshwater Institute (Department of
Fisheries and Oceans), Winnipeg. The results of this study will provide bio-
accumulation factors for aquatic food chain models.

Drilling has been started in the wetlands near the CRNL Liquid Disposal
Area. The investigation is designed to provide detailed hydrogeologic data
and radionuclide migration patterns and behaviour. In addition to providing a
basis for predicting migration, the study will supply information needed for
planned studies of vegetation uptake.

Radiation Biology

Most of the research activity in this Branch has continued to deal with
the effects of radiation upon a variety of living organisms. The principal
sensitivity target for radiation, particularly at non-lethal doses, is
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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. The purpose of this research is increased
understanding of the biological effects of low-level radiation.

Previous experiments on the free radicals responsible for radiation-
induced death of M. radiodurans have been extended to two other microorganisms,
S. pombe and S, cerevisiae. There are some quantitative differences from one
organism to another in the relative importance of various free radicals produced
by radiation. Some general conclusions appear to be qualitatively valid for
all three organisms, notably that hydroxyl radical and superoxide anion both
contribute (to varying degrees) to the lethal effects of radiation in the
presence of molecular oxygen, and that hydroxyl radical in the absence of
oxygen is less toxic than in the presence of oxygen. Variation of radiation
parameters produces parallel changes in cell lethality and in induced genetic
changes in S. cerevisiae.

Repair of radiation damage induced in the DNA of human cells by
exposure to moderate radiation doses is being studied by the alkaline elution
technique. In the first stage of the study, it was shown that single strand
breaks in the DNA were repaired equally rapidly by cells from normal persons
and by persons suffering from ataxia telangiectasia (AT). Recent results
suggest that the same conclusion is valid for repair of DNA-protein cross-
links induced by radiation. The same technique will be used to explore repair
of DNA-DNA interstrand cross-links.

It was previously shown that cultured skin cells from some but not all
AT patients are hypersensitive to the lethal effects of the chemical carcinogen
*i-nitroquinoline-1-oxide. It has now been possible to correlate cell survival
response with ability to remove unstable nitroquinoline oxide-guanine adducts
from DNA. These data provide strong evidence that some, but not all, AT strains
are defective in repairing one particular class of reaction products formed in
the DNA by this chemical carcinogen.

In further studies with cultured human cells, it was found that cells
from two of three patients suffering from tuberous sclerosis were somewhat
more sensitive than normal to the lethal effects of ionizing radiation;
tuberous sclerosis is a rare hereditary disease featuring a number of clinical
disorders including a predisposition to development of tumors. Tuberous
sclerosis may thus represent another hereditary disease in which some deficiency
in DNA repair is correlated with cancer proneness.

Work is continuing on induction of genetic changes in yeast by gamma-
radiation, by tritium beta particles and by various chemical agents, on
detection of radiation damage in DNA of human white blood cells, and on photo-
products formed in DNA by ultraviolet radiation. Work on tumor induction in
rat skin over the past five years has been reviewed.



Biomedical Research

Work on various internal dosimetry problems, particularly those
that have arisen during the writing of the Canadian Standards Association
standard on routine releases to the environment, has continued during the quarter.
As examples, a metabolic model for lkC as carbon monoxide has been developed,
and equations were developed which can be used to compare the inhalation by
animals to ingest ion by animals as pathways of radionuclides to man.

A new phantom, suitable for calibrations for plutonium, uranium, and
thorium isotopes in human lungs has been ordered, as has a large "phoswich"
detector. These items will considerably improve our ability to monitor employees
in vivo for these isotopes by improving both the sensitivity and accuracy of
measurements on individuals who are potentially at risk to inhalation exposures.

The World Health Organization recently convened a meeting of a group
of experts, on the health effects of transuranium elements. This group, of
which J.R.A. Johnson was a member, met in Brussels for discussions, and to
produce a report on this subject directed towards public health officials.
This report should be available in late 1980.
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1.1 PUBLICATIONS

Myers, O.K., Newcombe, H.B. and Marko, A.M. - The Long-Term Follow-up
of Radiation Workers in Canada. Presented by D.K. Myers at
Conference, The Medical Basis for Radiation Accident Preparedness,
Oak Ridge, Tennessee, 1979 October 18-20. To be published in
Proceed ings.

Marko, A.M. - Letter to the Editor. Medical Post, 1979 August 28.

Marko, A.M. - Health Aspects of Low-Level Radiation,
Atomic Energy of Canada Limited, Report No. AECL-6541 (1979).

1.2 VERBAL PRESENTATIONS

Marko, A.M. - "Health Aspects of Low-Level Radiation".
Presentation to Canadian Electrical Association,
Vancouver, B.C., 1979 March 28.

Marko, A.M. - "Biological Effects of Radiation",
Presentation to Canadian Nuclear Association Symposium,
Toronto, Ontario, 1979 May 01-02.

Marko, A.M. - Presentation to representatives of United
Steelworkers of America, Toronto, Ontario, 1979 July 18.

Marko, A.M. - "Biological Effects of Radiation",
Seminar, University Hospital, London, Ontario, 1979 December 11.

1.2.1 LOCAL TALKS

Marko, A.M. - "Radiation Effects - Protecting Man and the Environment".
Presentation to Brig-Gen. A.G. Christie and other military
personnel, C.F.B. Petawawa, at CRNL 1979 February 20.
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2.2 FAST NEUTRON DOSIMETRY

2.2.1 Calculation of Neutron Capture in the Body
W.G. Cross

Measurement of 2l*Na produced by neutron
activation of body Na is a widely used technique
for helping to determine neutron doses in the event
of a criticality accident.

This method requires values for the fractions of
incident neutrons of different energies that are
captured in the body. Previous calculations of this
fraction disagree with one another and, for incident
thermal neutrons, all disagree with the well-known
fraction (0.80) of thermals reflected from a water
surface.

A new Monte Carlo calculation of the "capture
fraction" is in progress. This fraction is being
calculated for a parallel beam of monoenergetic
neutrons incident on an elliptical cylinder of water.

2.2.2 Manual on Criticality Accident Dosimetry
W.G. Cross

A technical manual on criticality accident
dosimetry is being prepared for the IAEA by a
consultant's panel and is being edited at CRNL.
This manual discusses the spectra and relative
intensities of radiations from various types of
critical assemblies, requirements and limitations
of criticality dosimetry, measurement techniques,
the interpretation of readings from dosimeter systems
and the organization and procedures required for
handling accidents. Appendices give a collection of
physical data needed for the interpretation of dosimeter
readings.

A second draft of the manual has been discussed
by the consultants and the final draft is expected to
be sent to the Agency before October 1980.
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2.3 BETA DOSIMETRY

2.3.1 Calculation of Beta Dose Distributions
W.G. Cross

A new computer programme to calculate dose distribu-
tions near point and plane beta-ray sources was described
in PR-B-123 (AECL-6679). The effects of a number of
calculational details on the results have now been
tested: (1) reducing the energy intervals from those
used previously gave significantly smoother dose
distributions, particularly at short distances, (2) the
energy mesh is still too coarse to reproduce the peak
in dE/dx for electron energies below 5 keV. The various
assumptions made on dE/dx were found to affect only the
dose J(R) at zero distance, for which R2J(R) is uncertain
by up to 5%, (3) for forbidden spectra, the spectral
shape assumed had a very significant effect on the dose
distribution.

All doses published earlier have now been compared
with those calculated by Berger(l). Agreement is usually
within a few percent but some larger differences occur
at short distances where both Berger's and our calculations
are less accurate. There is a systematic tendency for
Berger's values to be larger than ours.

The calculation of distributions for additional
beta emitters is continuing.

2.3.2 High Range g-Dose Rate Measurements
C. Wernli

The thickness of the sensitive region of non-
biased n-type and p-type (rugged) surface barrier
detectors was measured by means of irradiation with
a known gamma dose rate from a Co-60 source. The sensitive
region is composed of a depletion layer and a diffusion
layer. The measurements showed that the sensitive
region was considerably thicker than the calculated
depletion layer thickness. Therefore, diffusion seems

* M.J. Berger, J. Nucl. Medicine, Vol. 12, Supplement
No. 5, 1971.
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to be an important factor in dosimetry with both types
of surface barrier detectors.

2.4 THERMOLUMINESCENCE DOSIMETRY

2.4.1 Automatic TLD Reader
A.R. Jones

Redesign of the electronics of the automatic
TLD reader is in progress. It is based on the use of
a CMOS microprocessor for controlling the reading
process, monitoring the reading process and outputting
data and fault diagnoses. The redesign results in the
following changes in the operation of the reader.

- All instructions to the automatic reader are given
via the keyboard of a teletype. This means that
any unmodified teletype can be used. At present
operator control is exercised by switches added to
a modified teletype dedicated to the reader. The
new arrangement would permit the use of a computer,
on-line, in addition to, or instead of, the teletype.

- In addition to the identification and TLD data, a
light-source reading can be printed after each TLD
plaque has been read to show that the thermoluminescence
reading circuits are in order.

- In the event of a fault being detected, in addition
to the reader being stopped (and visible/audible
alarms being given) one or more of 15 faults are
identified and printed in English. Space has been
left in the memory for the addition of five more
fault statements.

The identified faults include

1) Light source out of range (percentage error too high).

2) Second reading too high (when a TLD is read twice).

3) Bad glow curve (if the glow curve has no peak).

4) Thick chip/thin chip too high (to detect an unlikely
3/Y ratio).

5) Missing plaque.

6) Incorrect nitrogen flow.

7) Error in identification number.
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8) Incorrectly positioned plaque.

9) Power failure (after power has resumed).

Two new automatic cycles are available. In the
first, the TLD plaques are identified, but not read.
This would be used to check the order and presence
of plaques and to find any identification errors.
The second cycle identifies each plaque once but reads
each TLD twice. This is particularly useful in low
level dosimetry and when TLDs must be used after high
level exposures.

The analog-to-digital converter has been redesigned
using up-to-date components.

Linear and logarithmic count rate circuits have
been designed and from their outputs glow curves can
be plotted against the temperature of the TLD
monitoring thermocouple or against time. Another circuit
has been designed to detect the rise and fall of a glow
curve by differentiating the output of the logarithmic
count rate circuit. For doses above a preset level
this will be used as an additional (to temperature
measurements) check on the adequate heating of the TLDs.

The TLD transport mechanism has been made and tested
with the stepping motor under teletype control. A green
LED has been mounted under the shuttle so that it can be
viewed by the light guide for testing the stability of
the optics and electronics.

A new circuit to interface the optical hole code
reader to the microprocessor has been designed and built.

The hardware for the microprocessor is being designed
and constructed for the prototype under construction.
It is possible that most of this hardware will be
commercially available on a single printed circuit board
which will save mechanical design effort.

A new photomultiplier cooler and control unit
has been tested. The control unit has been found to be
both noisy and unreliable and may have to be replaced.

The flow charts for the programming of the
microprocessor have been completed and about 70% of
the microprocessor code has been written.
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2.4.2 Environmental Thermoluminescent Dosimetry at CRNL
A.R. Jones

Until now environmental dose measurements have
been made at CRNL with a batch of 400 pre-calibrated
plaque-mounted TLDs and sensitized. Using the existing
programmable calculator, the number of TLDs is limited
by programming space and access time for retrieving
stored calibration factors.

To overcome these limitations a new program has
been written calibrating each TLD afresh with a
calibration performed after the measurement. Using
this program up to 150 TLDs can be calibrated at
once and up to 10,000 dosimeters can be accommodated
in the program.

A sample of 24 pairs of sensitized TLD plaques
were exposed over the range 7.5 - 130 mR at known
values and the measured exposures were computed with
the program. The average measured standard deviation
over this range was about 1.4% + 0.2 mR (added in
quadrature). No non-linearity was detectable.

2.4.3 Performance of Unmounted TLDs and TLD Plaques
C. Wernll

It has been proposed to insert unmounted TLDs into
the personnel TLD holders to provide quality assurance
and for confirmation of particular TLD readings. The
unmounted TLDs are read in an automatic hot nitrogen
TLD reader and the TLD plaques are read in the CRNL
automatic TLD reader. Before this proposal can be
adopted the performance of the two forms of TLD, read
in different readers, must be properly characterized.
The work reported is to this end.

After some components of the commercial hot
nitrogen TLD reader were replaced, the optimal
parameters (N2 flow, N2 temperature) for reading
sensitized TLDs were determined. The criteria
used were a) high and stable sensitivity and
b) small and stable standard deviation in the
second reading which affects the background for
next use of the TLDs.
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In routine use the unmounted TLDs are individually
calibrated in the following manner. Since the TLDs
cannot be marked, the individual sensitivities are
determined after each reading by means of a uniform
exposure and subsequent reading. This method was
tested by the following procedure. A batch of
unmounted TLDs was given a uniform radiation exposure
to simulate a normal use of the dosimeters, then a
post-irradiation anneal (1 h at 80°C) and then read.
The batch was then uniformly exposed again and the anneal
and reading repeated. The standard deviation' of the
ratios ox the pairs of readings was found to be 0.6%.
The effect of eliminating the second anneal was to
increase the standard deviation of the ratios to 1.1%.
Thus where it .'s desirable to save time in routine work
this simplification is acceptable.

The response to UV-."Light was measured for sensitized
TLDs. It was found that the response to pure 254 nm
UV-light is independent of the previous y-dose to the
TLDs. However, for an exposure to sunlight, a strong
dependence on the previous y~dose exists (inducing TL
signals at low y-dose levels and reducing TL signals
at high y-dose levels). Two opposite effects seem to be
due to differences in the spectra of sunlight and the
artificial UV.

Some fading measurements were made on normal TLD
plaques (non-sensitized and not pre-annealed TLDs).
A fading of 6% was found for the first 3 days and
another of 10% for the following 13 days. These
results illustrate the importance of irradiating
the calibration standards for routine dosimetry in
the middle of the actual exposure period.

2.5 TRITIUM MONITORING

2.5.1 Portable Tritium-in-air Monitor AEP-5321
R.V. Osborne

A second prototype of this monitor is being
built for trials elsewhere on site. The mass is
just less than the target 2 kg but current efforts
are directed to reducing the mass further. In the
laboratory the background reading and zero stability
have been satisfactory; any zero drift during



laboratory tests has not been observable on the
digital display, the least significant digit of
which corresponds to one maximum permissible
concentration, The response time constant is
limited electronically to approximately 2 seconds
and the time to clean out at least 95% of any sampled
tritiated water vapour is less than 25 s.

2.5.2 Experimental In-line Tritium Monitor AEP-5327
R.V. Osborne

Two ionization chamber detectors have been designed
and built for an experimental catalytic exchange column
for tritiated water in the Chemical Engineering Branch.
The design of the chambers and electronics is sirnilar
to that in the portable monitor, AEP-5321, adjusted
for the higher concentrations that will be encountered

(400 MBq/m3 - 800 GBq/m3; M.0 mCi/m3 - ^20 Ci/m3).

2.5.3 Applications of Plastic Membranes to Tritium Monitoring
R.G.C. McElroy and R.V. Osborne

For health protection purposes, it may not be
sufficient to assume that all the tritium detected is
in the form of tritiated water. In particular, if there
is likely o be a significant concentration of tritium
in its elemental form such an assumption grossly over-
estimates the radiological risk. Nafion tubing (PR-B-119)
is potentially useful in measuring tritiated water vapour
(HTO) independent of the concentration of tritiated
hydrogen gas (HT) present.

If two gas streams are separated by a Nafion
membrane, the HTO concentrations will tend to
equalize by means of diffusion through the membrane.
If the two streams are arranged to be countercurrent
with the gas flow to the ion chamber being much
smaller than the sample gas flow and if the area of
Nafion membrane through which diffusion can occur
is sufficiently large, then the resulting concentration
of HTO delivered to the ion chamber will be essentially
equal to the HTO concentration in the sample gas flow.
Furthermore, it will be largely independent of flow
rates and of small changes in the effective diffusion
constant of the membrane.
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Using data from previous measurements (PR-B-119)
of the diffusion properties of commercially available
Nafion tube bundles, we have calculated that the above
requirements can be met for reasonable lengths of Nafion
tubing combined with reasonable flow rates. A mock-up
of such an arrangement has been assembled and measurements
are currently underway to confirm the calculated design.

Measurements of the dynamics of the system have
been greatly facilitated by the construction of a
voltage to frequency converter which allows the
automatic collection of data via a printing sealer.

2.5.4 Releases of Tritium and Other Radionuclides
R.V. Osborne

Further drafts of two documents have been prepared
and edited for final review by IAEA and OECD/NEA:
"Handling Tritium-Bearing Wastes" for IAEA and
"The Radiological Significance and Management of 3H,
1UC, 8SKr and 129I Arising from the Nuclear Fuel Cycle"
for OECD. (see PR-B-122). The two reports are
complementary for tritium in that the former will
indicate where further work may be needed in the
development of technologies for handling tritium and
the latter outlines the methods for assessing whether
current known technology should be applied to reducing
emissions of tritium (as well as for the other nuclides).

2.6 APPLICATIONS OF GM COUNTERS IN RADIATION MONITORING

2.6.1 High Temperature Operation
A.R. Jones

A requirement exists to measure activity levels
in an array of reactor coolant lines which are operating
at high temperatures. Measurements will be carried out
several times per year and air cooling will be provided
to keep the counters at temperatures not exceeding 150°C.

Tests have been made of samples of high temperature
GM Counters from two manufacturers under the following
conditions -

- temperature of 150°C

- exposure rate of 50 R/h

- total irradiation time of 100 hours

- exposed area of counter 10 mm in diameter.



- 16 -

Before, during and after these tests pulse counting
rate and mean current were measured. The characteristics
of both counters drifted considerably during the test
period although there was evidence of recovery during
a 72-hour break in the test. One of the counters failed
completely.

A second test was made with fresh samples and under
conditions which were less severe but more accurately
reflected the working conditions. The exposure rate
for most of the time was reduced and the counting rate
was lowered further by reducing the collimator hole
diameter to 3 mm. No failures occurred but again
considerable drift in sensitivity was noted. The
temperature dependence was measured to provide information
to the designers of the cooling system.

It was concluded that if the only purpose of the
detectors is to distinguish between contaminated and
uncontaminated feeder pipes, their stability is adequate.
If they are needed to provide more quantitative
information about the level of contamination/ the counters
will require recalibration each time they are used.

Further tests are being arranged to see if the
drifts are caused by operation at high temperature
alone or whether they are caused by the y-radiation.

2.6.2 Operation Over Wide Ranges of Counting Rates
A.R. Jones

In principle it is possible to correct for dead-time
counting losses by using a microprocessor furnished
with a 'look-up1 table in its memory. In practice
this technique is limited because the 'look-up' table
has fixed values and the dead time and sensitivity
of the GM counter (which determines the counting losse?
at a given exposure rate) vary from one counter to
another and with voltage. Calculations have been made
of the error produced when 'look-up' tables are used to
correct counting losses with counters having a variable
sensitivity-dead-time product. Even when this product
differs by 20% from the value used in the 'look-up'
table an eleven-fold increase in dose rate can be
measured if a 10% error due to counting losses is
permitted. This is an improvement on the counting-
loss correction circuit previously reported.
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This technique permits the use of relatively
sensitive GM counters at high dose rates and these
still have good counting statistics at relatively
low dose rates.

Two counters, equipped with thin end-windows,
are being tested to assess their performance over a
wide range of dose rates both g~ and -y- to develop
a wide-range system of detectors. The two counters
were selected on the basis of their widely different
sensitivities.

2.7 SPECIFICATIONS FOR PORTABLE AND INSTALLED RADIATION
MONITORING INSTRUMENTS
A.R. Jones

Draft specifications prepared by AECL Engineering
Company and Ontario Hydro (Central Nuclear Services)
for installed and portable instruments, respectively,
have been reviewed. The installed instruments
included a personal contamination monitor, a portal
monitor and an area monitor and the portable instruments
consisted of a group of four 3- and ydose rate meters
for routine and emergency operations. Consulting
advice has been given to two companies preparing bids
on the latter instruments.

2.8 POCKET WARNING DOSIMETER WITH NUMERICAL DISPLAY
AEP-5329
A.R. Jones

A laboratory prototype (121 x 70 x 29 mm, 0.275 kg)
has been built and tested. It displays absorbed ydoses
in the range 0 to 19.999 rad (0.1999 Gy) with a liquid
crystal display and provides audible and visible warnings
at eight presettable levels between 0.1 and 16 rads
(1 and 160 mGy) and an audible pulse rate proportional
to dose rate.

The alarm points change less than 4% over the
temperature range -20 to +50°C. The same dependence
applies to the displayed dose but in the temperature
range -10 to -20°C the display is slow in changing.

Energy dependence tests made with the dosimeter
mounted on a phantom show that it can be used for
dosimetry of y-rays above 8 0 keV in energy.
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The voltage of the 9 V battery is monitored and
when it falls below 6 V the display is extinguished.
Above this voltage the response of the dosimeter
changes by less than 4%. Even when the battery voltage
is temporarily removed, as when changing batteries,
the memory used in the dose alarm circuit is unaffected.
The battery life is approximately 700 hours.

2.9 MEASUREMENT OF RADIO-XENON LEVELS IN EXHAUST AIR
R.M. Holford

The preliminary version of the xenon monitor,
AEP-5320, has now been moved to a sampling point
closer to the base of the Chemical Plant Exhaust stack.
This has been done to allow for monitoring of the
exhaust from both t^e main "Mo production facility in
Building 225 and also the exhaust from the back-up
facility ±n Building 234. The sensitivity of the
integrating sealer, which estimates the total release
in a 24-hour period, in Ci«MeV, was increased by a factor
of two to suit the increased ventilation rate in the
new location.

Apart from an intermittent fault in the pre-amplifier,
which has been replaced, the instrument has performed
reliably over the entire quarter. The pattern of releases
agrees qualitatively with that shown by the other noble-
gas monitor which is being used on the "Mo facility
(AEP-5293). Quantitative agreement is not so good, but
this is not surprising in view of the differences between
the instruments. Construction of the final version of the
instrument is continuing. This will provide for automatic
printing of the Ci-MeV released every 24 hours. Back-up
battery power will be provided so that power interruptions
can be recorded on the printer and timing maintained for
at least 24 hours during an interruption. To allow for
this a special power supply has been designed for the
printer. This uses a switching regulator and can deliver
at least 100 mA at -26 V during printing while drawing
only negligible current (^ 1 mA) from the 6 V battery
at other times.

2.10 SAFEGUARDS
A.R. Jones

Temperature drift tests have been made on photo-
diodes along with the rectifiers of the type used in
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the Pickering Bundle Verifier. The purpose of the
test was to compare the temperature drift of the two
types of detectors since this characteristic limits
performance when low wattage bundles which are
common at Pickering are monitored. Tests were made
with the temperature of the detector varied and with
the temperature of the associated amplifier varied.
The gain of the amplifier was so adjusted that the
output was 1 V-kR-1-h with each detector.

Whether the temperature of the amplifier or the
detector was varied the photodiodes drifted considerably
less than the rectifiers. It was also found that it is
more important to stabilize the temperature of the
amplifier than the detector.

Data obtained during tests of the Pickering Fuel
Bundle Verifier by R. Keefe (AECB) and A. Keddar (IAEA)
in the summer have been analyzed. The analysis showed
that the verifier required adjustment and repair and
it was also concluded that when the faults are corrected
the verifier is capable of performing its intended
function of showing when a fuel bundle has been removed
from a storage basket.

2.11 ROUTINE DOSE MONITORING
R.M. Rondeau and J.M. Vincent

2.11.1 Body Radiation Doses

In the fourteen-week period ending 11 December 1979
and in the calendar year to this date there are the
following distributions of radiation exposures.

There were two whole-body radiation exposures
exceeding the 600-mrem two-weekly administrative
control limit and no surface radiation exposures
exceeding the 1600 mrem two-weekly administrative
control limit.
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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
4.00 - 4.49

Average dose
per monitored
person
Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

53
2429
159
28
2

Total
Dose
Man-rem

0
153.80
104.65
32.23
3.40

110 mrem

112 mrem

Calendar

No. of
monitored
persons

52
2102
175
99
75
66
53
32
13
4

Year

Total
Dose
Man-rem

0
276.44
124.26
121.211
131.142
148.737
143.427
104.147
48.11
16.59

417 mrem

426 mrem

Radiochemical Company - Whole I

Dose Range

rem

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

Average dose
per monitored
person
Average dose
per monitored
person

Fourteen Weeks

No. of
monitored
persons

39
213
8

Total
Dose
Man-rem

0
15.66
5.01

79.5 mrem

93.5 mrem

3ody Dose

Calendar

No. of
monitored
persons

20
207
21
4
5
3

• Year

Total
Dose
Man-rem

0
27.85
14.05
5.33
8.15
6.98

242 mrem

262 mrem
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Engineering Company - Whole Body Dose

Dose Range
ran

Fourteen Weeks

No. of
monitored
persons

Total
Dose
Man-rem

Calendar Year

Mb. of
monitored
persons

Total
Dose
Man-rem

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

312
10
1

0
0.85
0.81

288
33
1
0
0
1

0
2.99
0.81
0
0
2.09

Average dose
per monitored
person
Average dose
per exposed
person

5 mrem

151 mrem

18 mrem

168 mrem

CRNL - Surface 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
4.50 - 4.99
5.00 - 5.49
5.50 - 5.99
6.00 - 6.49

Average dose
per monitored
person
Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

53
2394
180
37
4
2
1

Total
Dose
Man-rem

0
151.91
119.46
43.0
6.93
4.83
2.89

123 mrem

126 mrem

Calendar

No. of
monitored
persons

52
2025
186 .
99
67
60
60
40
22
4
4
0
1
1

452

462

• Year

Ttotal
Dose
Man-rem

0
276.56
132.98
123.14
117.55
134.29
165.01
128.95
82.66
16.31
19.30
0
5.95
6.01

mrem

mrem



- 22 -

Radiochemical Company - Surface 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

39
208
10
2
1

Total
Dose
Man-rem

0
20.34
7.44
2.08
1.52

121 mrem

142 mrem

Calendar Year

No. of
monitored
persons

20
185
34
8
6
3
3
0
1

Ibtal
Dose
Man-rem

0
25.39
23.63
9.07
10.04
6.64
8.46
0
3.51

337 mrem

365 mrem

Engineering Company - Surface 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

Average dose
per monitored
person
Average dose
per exposed
person

Fourteen

No. of
monitored
persons

311
11
0
1

7

196

Weeks

Total
Dose
Man-rem

0
1.15
0
1.20

mrem

mrem

Calendar Year

No. of
monitored
persons

286
33
2
1
0
1

Total
Dose
Man-rem

0
3.58
1.02
1.20
0
2.13

24 mrem

214 mrem
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2.H.2 Hand Radiation Doses

In the fourteen-week period ending 11 December 1979
and in the calendar year to this date the following
distributions of extremity doses were measured by
finger-tip TLD's.

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
7.00 - 7.99
8.00 - 8.99
9.00 - 9.99
> = 10.0

CRNL
Calendar
Year

105
16
4
1
0
0
0
0
0
0
0

Fourteen
Weeks

187
40
14
11
12
5
3
1
1
0
8

Radiochemical
Company

Calendar
Year

21
1
1
4
0
0
0
0
0
0
0

Fourteen
Weeks

18
5
4
1
0
1
1
1
0
1
1

Engineering
Company

Calendar
Year

3
0
0
0
0
0
0
0
0
0
0

Fourteer
Weeks

3
0
0
0
0
0
0
0
0
0
0

2.12 PUBLICATIONS AND LECTURES

External Lectures

Research in Dosimetry in Chalk River by H. Ing. Talk
presented at Environmental Measurements Laboratory,
Department of Energy, New York, November 19, 1979.

Health Physics: A Model for the Protection of Man
by G. Cowper. Lecture presented at the Department
of Chemical Engineering and Applied Chemistry, University
of Toronto, 19 November 1979.

Nuclear Data Requirements for Radiotherapy with
Neutrons by W.G. Cross. Lecture presented at Duke
University, October 29, 1979.



Reports

Canadian Progress Report to the NEANDC by W.G. Cross.
(April 1978 to September 1979) NEANDC(Can)-51/L.

An Instrument for Measurement of 125i with Automatic
Efficiency Correction by R.M. Hoiford.
Report AECL-6626 (October 1979).
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ENVIRONMENTAL RESEARCH BRANCH

by

I.L. Ophel

3.1 Staff
3.2 Beneficial Uses of Waste Heat

3.2.1 Aquaculture of Fresh Water Organisms
3.3 Laboratory Studies on Algal Growth in Natural Waters
3.4 Biogeochemistry of the Waste Management Area
3.5 Aquatic Radioecology and Fresh Water Biology

3.5.1 Role of Organic Matter in Perch Lake
3.6 Perch Lake Project

3.6.1 Energy Budget, Lake Evaporation and Hydrology
3.6.2 Water Budget and Lake Chemistry
3.6.3 Data Storage

3.7 Stack Argon Measurements
3.8 Snowmelt and Evapotranspiration in a Forested Catchment
3.9 Waste Management Areas

3.9.1 Soil and Groundwater Sampling
3.10 Co-Operation With Outside Organizations

3.10.1 Long-Range Transport of Air Pollutants
3.11 Contaminant Hydrogeochemistry
3.12 Radionuclide Transport in Fractured Rock
3.13 Tritium in Streams Near CRNL
3.14 D/H Mass Spectrometer
3.15 Reactor Tritium and Carbon-14 in Greenhouse Produce
3.16 Source Preparation for Accelerator Carbon-14 Measurements
3.17 Uranium-234/Uranium-238 Activity Ratios in Natural Waters
3.18 Environmental Impact Assessment

3.18.1 Long-Range Atmospheric Transport
3.18.2 Computer Modelling

3.18.2.1 Staffing
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3.18.3 Environmental Assessment of CRNL Waste Management
Areas
3.18.3.1 Waste Management Area "C"
3.18.3.2 Waste Management Area "F"
3.18.3.3 Liquid Disposal Area
3.18.3.4 Tracer Injection Experiment - Site

Selection
3.18.3.5 Radar-Sounding Stratigraphic Profiling

3.18.4 Groundwater-Contaminant Flux to Surface Waters and
Behaviour of Radionuclides in Surface Waters
3.18.4.1 General Objectives
3.18.4.2 Biodiscrimination of Radionuclides in

Aquatic Food Webs
3.18.4.3 Groundwater-Contaminant Flux to Surface

Waters: Field Studies
4.18.4.4 Contract Management

3.19 Gamma Exposure Rates in the CRNL Boundary
3.20 Off-Site Monitoring
3.21 Liquid Effluent Monitoring
3.22 Liquid Disposal Area
3.23 Gamma Exposure Rates in the Exclusion Area
3.24 Studies of the Behaviour of Actinides in the Environment
3.25 Development of Computer Program for the Environmental

Monitoring Program
3.26 Sediment Samples from the Ottawa River
3.27 Tritium Survey
3.2 8 Survey Summary
3.29 Puolications
3.30 Verbal Presentations

3.30.1 Presented Papers
3.30.2 Lectures or Seminars
3.30.3 Local Talks

3.31 Invited Speakers

For figures see end of Section



- 27 -

3.1 STAFF

3.1.1 Branch Head - I.L. Ophel

Environmental Chemistry and Meteorology

P.J. Barry Assistants: P.C. Jay
R.E. Legere1

E. Robertson
D.P. Wildsmith

L.K. Hendrie2

A.G. Price2

Environmental impact Assessment

P.J. Barry

V.K. Barwell

R.W.D. Killey Assistant:

D.R. Lee Assistants:

Natural Isotope Studies

R.M. Brown Assistant:

J.H. Munch

B.D. Besharah3

B.M. Kent4

R.J. Schultz

Biochemistry and Microbial Radioecology

D.R. Champ Assistant: J.L. Young

Radiochemistry and Environmental Monitoring

E.L. Cooper Assistants: G. Lahaie
L.A. Mask
H.M. McLaughli n
M.J. Wen zowski

1Retired 1979 December 28
2Attached Staff from Dept. of Geography, University of
Toronto.

3Applied Chemistry Co-op student from University of Waterloo.
Terminated 1979 December 20.

"•Transferred from System Materials Branch on 1979 November 12,
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3.1.1 STAFF (cont'd)

Contaminant Hydrogeochemistry

R.E. Jackson1 Assistant: K.J. Inch1

Biology and Aquatic Radioecology

J.W. McMahon Assistants: A.E. Docherty
S-R. Gentner

I.L. Ophel Assistant: J.M. Judd

Hydrology and Trace Element Analysis

W.F. Merritt Assistant: B.A. Risto

Secretarial

D.J. TerMarsch

3.1.2 Other Attached Staff

M.R. Bowron and L.M. Johnston - Inland Waters Directorate,
Environment Canada, Ottawa. Working on a co-operative
project with R.E. Jackson on work relating to trace ele-
ments in groundwater.

J.F. Pickens - Inland Waters Directorate, Environment Canada,
Ottawa. Working on a co-operative project with W.F.
Merritt on dispersion of solutes in flow through granular
media.

K.E. Lyon - Dept. of Geological Sciences, Queen's University,
Kingston. Working on a research contract between AECL and
the University. Terminated on 1979 November 02.

G.M. Milton - Dept. of Earth Sciences, University of Waterloo,
Waterloo. Working on a Ph.D. Thesis project with R.M.
Brown.

J.O. McHugh - On a Natural Sciences and Engineering Research
Council Canada (NSERC) Postdoctoral Fellowship. Working
with E.L. Cooper. Joined the Branch on 1979 November 05.

Attached Staff from Inland Waters Directorate, Environment
Canada, Ottawa.
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3.2 BENEFICIAL USES OF WASTE HEAT - J.W. McMahon and A.E.
Docherty

3.2.1 Aquaculture of Fresh Water Organisms

Increased yields in algal production, beyond the pre-
sent level, in heated polyethylene enclosures (1 m square,
30 cm depth) are believed to be limited by the amount of
light available for photosynthesis within the enclosure.
As cell density increases, depth of light penetration in
the enclosure diminishes.

One possible solution to this problem was to cycle
the algae between the enclosure and a series of shallow
troughs where they would receive increased solar radiation.
In our experiments a culture of the alga Scenedesmus bijuga-
tus was pumped through rigid, vinyl troughs arranged in
different configurations. The total amount of troughing
and physical arrangement was dictated by the pumping rate,
flow patterns and amount of algal sedimentation within the
troughs. Initial results indicate a slight increase in
carbon production. Unfortunately, the decreased amount of
solar radiation which occurs in our region during the late
autumn has hampered these studies. This work is continuing.

Laboratory culturing of the cladoceran Daphnia magna
in different waters and different combination of unicellular
foods is still being attempted. An amphipod, Hyalella sp. ,
is growing successfully in the heated pools.

Attempts are also being made to culture the filamen-
tous green alga Cladophora as a possible food source for
browsing animals such as Hyalella.

3.3 LABORATORY STUDIES ON ALGAL GROWTH IN NATURAL WATERS - J.W.
McMahon and S-R. Gentner

14Uptake of C over time by the alga Scenedesmus
baniliensis is related to cell concentration and concentra-
tion of bicarbonate present in the surrounding waters. At
the high cell concentrations frequently encountered in lab-
oratory cultures (i 107 cells-mL"1) the available bicarbonate
in the water is utilized within the initial hour of a four-
hour l^c assimilation experiment. The bicarbonate available
can be maintained by adding excess NaHCO.,. This procedure
appears to have no adverse effect on 14C assimilation rates
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3.3 LABORATORY STUDIES ON ALGAL GROWTH IN NATURAL WATERS
(cont'd)

by the organism being studied, and it reduces possible
errors in primary productivity calculations associated
with varying NaHCO3 concentrations in the culture medium.

Other studies are being carried out on differences
in l^C uptake rates between rapidly growing and senescent
cells and on the effect of light on 14C uptake in low and
high density algal cultures.

Problems concerning observed decreases in recorded
amounts of 14C associated with membrane-filtered algal
cells in concentrations exceeding 2 x 10^ cells per filter
(or lower or higher figures depending on cell size) are
currently unresolved. This work is continuing.

3.4 BIOGEOCHEMISTRY OF THE WASTE MANAGEMENT AREA - D.R. Champ
and J.L. Young

Data collected during the previous two quarters on
subsurface biologic activity has been analyzed. Bacterial
populations in groundwater and those bound to, or closely
associated with, sediments have been assessed by a spread
plate technique for total bacteria and the Most Probable
Number technique for nitrate-reducing and denitrifying
bacteria.

Groundwater was analyzed from four locations, two at
O-nest (pH ^ 6.9, Ep ^ +140 mV) and two in the discharge
area at Perch Lake (pH ^ 8.2, E H ^ +70 mV). The geochemistry
of the groundwater at these sites appeared suitable for
bacterial reduction of nitrogen compounds. Sediment-phase
bacteria were examined on sediments which had been recovered
from "equilibrated" sand columns. Equilibration was achieved
by pumping through groundwater from the same sites at in
situ flow rates and temperatures.

Bacterial populations increased 5- to 100-fold from
mid-June to early September. Maximum values of approximately
300,000 bacteria per mL of groundwater were observed. Ni-
trate-reducing and denitrifying bacteria constituted 10 to
90% of the total populations as determined by our plating
techniques. Observed population changes did not correlate
with groundwater temperature changes, or changes in mea-
sured nitrate and dissolved organic carbon concentrations.
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3.4 BIOGEOCHEMISTRY OF THE WASTE MANAGEMENT AREA (cont'd)

Analysis of column sediments showed that a large
proportion of subsurface bacteria are closely associated
with the cjdiment phase. Analysis of the groundwater
alone can underestimate the population size by as much as
four orders of magnitude.

Biochemical analysis supported our predictions of
the sequential nature of reactions in a confined aquifer.
At O-nest, nitrate was reduced primarily to nitrites by
nitrate-reducing bacteria, few denitrifiers were present,
while further down in the discharge area the NO3 was re-
duced to gaseous end products by denitrifying bacteria.
Denitrifying bacteria constituted approximately 1% of the
total nitrate-reducing plus denitrifying bacterial popu-
lation in the discharge area. These studies have shown
directly the presence of bacteria capable of catalyzing
the processes of nitrate reduction and denitrification,
and further, that analysis of groundwater alone may greatly
underestimate the potential for subsurface biologic
activity.

We previously reported (see Section 3.5, PR-B-119,
AECL-6367) a marked difference in the mobility of As(III)
and As(V) on sand columns eluted with groundwater of dif-
ferent redox character. Changes in the redox state of
arsenic on the column may have resulted in the observed
mobility differences. To examine this possibility a
recently published arsenic speciation method has been
adapted to the arsine generation method, using the atomic
absorption spectrophotometer, previously used in the
Branch for the determination of total arsenic. Arsenic(III)
and total As are determined individually with As(V) being
determined by difference. Preliminary results indicate
limits of sensitivity of less than 1 ug*L~l with linear
response up to approximately 50 pg-L~i. In the determina-
tion of As(III) approximately 5% of the As(V) present is
detected as As (III) in concentrations of up to 200 yg-L"-'-
As(V).

3.5 AQUATIC RADIOECOLOGY AND FRESH WATER BIOLOGY - I.L. Ophel
and J.M. Judd

3.5.1 Role of Organic Matter in Perch Lake

Nothing further to report.
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3.6 PERCH LAKE PROJECT

3.6.1 Energy Budget, Lake Evaporation and Hydrology - P.J.
Barry, E. Robertson and R.E. Legere

An energy budget model •'"hat includes the parameter-
ization of a net vertical heat transfer coefficient de-
rived from temperature changes observed in Maskinonge and
Upper Bass Lakes during spring and summer of 1978 has been
run with meteorological data collected from these lakes
and Perch Lake during 1977. Evaporation rates predicted
by the model were compared with energy budget estimates.
For periods between 10 and 30 days, agreement was within
10%. The evaporation equation used in the model was that
derived by Barry and Robertson (£T?CL-5041) . A comparison
was also made between lake temperature profiles predicted
by the model and those observed during 1977. Although the
model predicted surface temperature and thermocline depth
adequately, it predicted that lake bottom temperatures
increased more rapidly than is observed.

Thus, while the current model appears to adequately
predict evaporation from small lakes, further refinement
of the vertical diffusion equation will be needed to give
better predictions of mixing of heat, chemical entities
and radionuclides in deeper waters.

3.6.2 Water Budget and Lake Chemistry - P.C. Jay

Tritium analyses of daily water samples from Perch
Lake outlet, Perch Creek weir and No. 1 and No. 2 inlets
were continued.

No further progress was made on the chemistry of
ground and surface waters because of other work.

During the past year many enquiries were received
concerning an update of the report*,Heating- and Growing-
Degree-Days at Chalk River Nuclear Laboratories. Work is
now being completed on this report which will include
various meteorological indices which were not included in
the previous report.

*Atomic Energy of Canada Limited, Report AECL-5547
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3.6.3 Data Storage - D.P. Wildsmith

The Perch Lake outlet and inlet stream flow data,
for the period 1979 January to July inclusive, has been
received from the Water Survey of Canada, Environment
Canada.

The following data derived from the Perch Lake basin
is being recorded on a daily basis: soil temperatures,
precipitation, outlet stage height, maximum and minimum
air temperatures. Tritium concentrations for inlets No. 1
and No. 2 and the outlet stream during the winter period
will be determined on a weekly basis.

3.7 STACK ARGON MEASUREMENTS - D.P. Wildsmith and P.J. Barry

Occasional monitoring of the argon released from the
stack continues. CO2 is introduced into the J-rod annulus
of NRU primarily to replace the moist air and thus reduce
the corrosion rate of the reactor vessel. A useful bypro-
duct is that the volume of air present is greatly reduced,
resulting in a much reduced 41^r release from the main
reactor stack. The results obtained for 1979 are given in
Table 3.7.

3.8 SNOWMELT AND EVAPOTRANSPIRATION IN A FORESTED CATCHMENT
- L.K. Hendrie and A.G. Price

Nothing further to report.

3.9 WASTE MANAGEMENT AREAS

3.9.1 Soil and Groundwater Sampling - W.F. Merritt and B.A.
Risto

A series of soil and groundwater samples on 15 cm
centres were taken from downstream of the second glass
block experiment and analyzed for 137cs. Although the
bulk of the 137cs is held on the soil in close proximity
to the blocks, in accordance with K<j measurements, there
is a low activity plume that extends out for 8 m. The
possibility that this plume is due to adsorption of 137c
on fine particulates and their subsequent movement with
the groundwater is being investigated.



41Table 3.7. Measured Ar Releases from Main Reactor Stack 1979

Sam
Date

Jan.

Jan.

1 Mar.
1

j May
! July

Sep.

Nov.

23

24

15

30

05

07

08

pi ing
Time

13:38-13:42

10:03-10:07

09:58-10:02

08:30-08:32

08:20-08:24

08:28-08:32

09:36-09:40

41A

GBq-

36.

170.

140

177

202

196

153

9

5

5

8

0

7

.0

d-1

x 103

x 103

x 103

x 103

x 103

x 103

x 103

megawatts

105

103

not

109.6

110.0

118.0

50.0

NRU
CO2(%)

95

95

operating

normal

normal

normal

normal

NRX
megawatts

not operating

24.4

25.9

26.1

24.1

23.7

24.1

GBq-d"1

•MW"1

351

1152

5425

1310

1506

1388

2065

VjO

-C-

1 Ci = 37 GBq
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3.9.1 Soil and Groundwater Sampling (cont'd)

A series of 1 m long cores, 5 cm in diameter,
were taken from downstream of the second glass block
experiment and shipped to M. Sheppard at WNRE for
various soil tests, including micro-morphology studies.

The tracer test on the piping from Bldg. 150 to
Bldg. 240 gave negative results, for leakage.

Assistance is being given in checking the attempt
to plug the leaks in the NRX rod storage bays.

3.10 CO-OPERATION WITH OUTSIDE ORGANIZATIONS

3.10.1 Long-Range Transport of Air Pollutants - D.P. Wildsmith

The Background Air and Particulate Sampling Sta-
tion, established on the Mattawa Road in the CRNL con-
trolled area in co-operation with the Atmospheric Environ-
ment Service (AES) of Environment Canada, has been in
operation and monitored on a daily basis since 1978
July 05.

The monitoring site consists of air sampling equip-
ment and precipitation sampling and measuring equipment.
The air samples are collected on a 24-hour basis by
drawing air through two filters in series, contained in
a Nucleopore filter holder. The first filter (Whatman 40
cellulose) collects particulate matter. The second fil-
ter (Whatman 41 cellulose) is impregnated with a basic,
glycerol solution which absorbs sulphur dioxide gas.
The current sampling programs are designed to yield data
which can be used for the validation of numerical models
dealing with the long-range transport of air pollutants.

The precipitation chemistry collector is a double
bucket collector; one vessel is used to collect precipi-
tation only, and the other vessel can be used to collect
dust samples. The current sampling program does not
include the collection of dry deposition. During dry
periods the automatic cover stays on the precipitation
collector bucket. Moisture-sensing grids are employed
to operate the motor-driven cover at the onset and end
of precipitation.
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3.10.1 Long-Range Transport of Air Pollutants (cont'd)

The precipitation collector is complemented by a
standard rain gauge and a standard snow gauge.

The air filters and precipitation samples are for-
warded to AES for analysis. Here at CRNL, pH readings
are taken of any precipitation sample that exceeds 200 mL
in the collector (this corresponds to a precipitation
amount of about 6.6 mm). During the 17 months that the
monitoring site has been in operation, 33% of the preci-
pitation events have met this criterion, and the pH
readings have ranged from 3.2 to 6.8 with a mean value
of 4.4.

3.11 CONTAMINANT HYDROGEOCHEMISTRY - R.E. Jackson and K.J.
Inch

Nothing further to report.

3.12 RADIONUCLIDE TRANSPORT IN FRACTURED ROCK - R.E. Jackson,
J.F. Pickens and K.J. Inch

A single-well reactive tracer test was conducted
at "0" piezometer nest during August and September in
order to develop a technique for evaluating the distri-
bution coefficient (K^) of a particular radionuclide in
situ. The breakthrough curves of the 131i anc} 85sr
tracers as observed at multilevel piezometers sited 30 cm,
60 cm and 2 m from the injection well, yielded a mean
Ksi

r= 3.3. This may be compared with a value of K§r = 5.7
computed from analysis of core samples withdrawn from
the aquifer sediments which contained the radiotracers.

Groundwaters from the tracer-test site have been
chemically analyzed for major ions and geochemically
interpreted using the WATEQF computer program. Contami-
nated aquifer sediments contained in the recovered cores
were subjected to grain-size analysis, optical micro-
scopical examination and desorption of adsorbed radio-
activity with SrCl2 and reducing agents. Initial evi-
dence suggests that the mode of radionuclide adsorption
(i.e. 85>Sr) ^s identical to that observed in the reten-
tion of 90gr i n the 1954/55 waste migration plumes.
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3.13 TRITIUM IN STREAMS NEAR CRNL - R.J. Schultz, G. Lahaie
and R.M. Brown

The annual survey of tritium in about 4 5 streams
and lakes in the vicinity of CRNL has been completed.
There has been very little increase in tritium concen-
trations since last year. Concentrations are less than
800 Tritium Units (96 Bq#L~l) except for a few localized
areas directly associated with plant or waste disposal
operations.

3.14 D/H MASS SPECTROMETER - R.J. Schultz and R.M. Brown

During the past three years, environmental deute-
rium measurements have been done with a Micro-Mass D/H
spectrometer on loan from AECL Chemical Company. Since
a need has arisen for this machine at Port Hawkesbury
Heavy Water Plant it has been relinquished and replaced
with a Thomson-Houston instrument on loan from General
Chemistry Branch. Construction of an inlet system and
replacement of obsolete electronics is underway to
place this machine in service.

3.15 REACTOR TRITIUM AND CARBON-14 IN GREENHOUSE PRODUCE -
R.J. Schultz and R.M. Brown

Twelve samples of atmospheric CO2, tomatoes and
cucumbers from a greenhouse at Pickering Nuclear Generat-
ing Station have been analyzed for carbon-14 and
organically-bound tritium under contract to Ontario
Hydro.

Tritium concentrations have been in the range
5,000-15,000 Tritium Units (0.6-1.8 Bq-mL"1 combustion
water). In general, organically bound tritium has been
found to be two to three times that of aqueous tritium
from the same sample. Discussions with members of the
Radiation Biology Branch suggest that this is probably
due to differences in tritium concentration of the air
and soil moisture rather than being a true discrimination
effect. More results and information on atmospheric HTO
concentrations are required before definite conclusions
can be drawn.

Carbon-14 concentrations have been in the range
0.4 2-1.25 Bq-g"1 carbon for both atmospheric CO, in the
greenhouse and organically bound carbon of the tomatoes
and cucumbers. This is two to five times natural levels
(wood of 1890) .
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3.15 REACTOR TRITIUM AND CARBON-14 IN GREENHOUSE PRODUCE
(cont'd)

Analysis of CO2 from limestone has indicated a
blank of about 0.023 Bq-g"-'- carbon (about 10% Modern).
While of little significance relative to levels observed
in the greenhouse samples, this blank limits our capa-
bility for measuring old samples for dating purposes and
efforts are being made to eliminate it.

3.16 SOURCE PREPARATION FOR ACCELERATOR CARBON-14 MEASURE-
MENTS - R.M. Brown

The yield of C ions from the ion source of the
Tandem Van de Graaff accelerator should be improved
significantly by using a more dense form of carbon
sample material than the loosely pressed carbon black
used to date. A system has been constructed to inves-
tigate the preparation of small high density carbon
deposits by passing an electric discharge through hydro-
carbons or carbon monoxide. We have a satisfactory
technique for converting sample CO2 to acetylene. The latter
has been used for carbon stripper foil preparation by
the discharge technique. Alternatively, it may be
possible to combine a circulating system for the reduc-
tion of CO2 to CO with the discharge system, providing
continuous removal of 02 released in the discharge and
so promoting a high depositional yield.

3.17 URANIUM-234/URANIUM-238 ACTIVITY RATIOS IN NATURAL
WATERS - G.M. Milton, University of Waterloo and
R.M. Brown

Groundwater samples with uranium concentrations
varying between 256 ug-L"! and 0.26 yg-L"^-, and iso-
topic activity ratios of 11.9 to 0.8, have recently
been studied.

The value of 11.9 ± 0.1 for the Activity Ratio
(A.R.) at one location in the Stripa mine, Sweden,
agrees well with a value of 11.7 obtained by J.N.
Andrews (University of Bath) (private communication)
for a previous sampling at the same location. The
uranium concentration of this sample was 9.5 ± 0.08
pg-L-1. A sample from WN3 Whiteshell at 99 m (295 ft )
depth yielded an A.R. of 3.9 and a uranium concentration
of 256 \ig-L~l. The first of several samples from the
ZEUS area WNRE has a measured A.R. of 0.8 and a uranium
concentration of 0.26 pg-L"-'-. Interpretations of these
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3.17 URANIUM-234/URANIUM-238 ACTIVITY RATIOS IN NATURAL
WATERS (cont'd)

A.R. measurements await the results of similar measure-
ments on related samples at other depths.

Uranium yields have varied from 83.5 to 22.5%, with
an apparent correlation between decreasing yield and de-
creasing uranium concentrations. The analytical proce-
dure currently in use (cation collection on Dowex 50,
with subsequent uranium purification by anion exchange
and di-ethyl ether extraction) has been checked against
alternate methods in use at other laboratories, and
found to compare favourably for decontamination and yield
at each step. Since difficulties in electroplating very
small quantities of uranium seem a probable source of low
yields, measurements of plating yields vs. uranium con-
centration, and yields vs. uranium + inactive carrier
concentration are in progress.

3.18 ENVIRONMENTAL IMPACT ASSESSMENT

3.18.1 Long-Range Atmospheric Transport - P.J. Barry

AECL, together with several other governmental
agencies, is pressing the Atmospheric Environment Service
(AES) to take a lead role in the development of Long-
Range Atmospheric Transport models. To this end a meeting
of delegates from all interested parties took place in
Downsview last fall and an advisory committee formed.
AECL is represented by delegates from CRNL, WNRE and
Sheridan Park. The next meeting of the committee is
tentatively set for 1980 February.

An important process in determining the long-range
transport of atmospheric contaminants is their deposition
on the earth's surface. To gain better understanding
of this process plans for a co-operative field study of
deposition of radioactively labelled,mono-disperse aero-
sols between CRNL and AES are well advanced. The experi-
ments are due to start in mid-January.



3.18.2 Computer Modelling - V.K. Barwell

The two computer terminals arrived and were hooked
up November 25. No decision has been made on a data
base management system by the Mathematics and Computa-
tion Branch/ so no data base development work has been
done.

Computer modelling of seepage in a lake is being
carried out with D.R. Lee. This problem will also be
solved analytically and an attempt made to estimate an-
isotropy in an aquifer. The computer model based on
J.F. Pickens' model is working and the data are being
analyzed. A program has been obtained from Ontario Hydro
to analyze aquatic communities and their relationship to
physical variables. This is currently being implemented
on the CDC computer with the aid of Mathematics and Com-
putation Branch.

The initial part of the current contract with Inland
Waters Directorate to evaluate the square grid surface
water routing model is complete and a TR report should
be issued shortly describing the concepts of the model.
No other models have arrived to date although attempts
are being made to obtain models from the U.S. Nuclear
Regulatory Commission, Interra Environmental Consultants
and the University of Waterloo.

Modelling of "C" Disposal Area is waiting for more
drilling information from R.W.D. Killey.

3.18.2.1 Staffing - V.K. Barwell

No suitable internal applicants were available for
the Technician/Technologist job. External applicants
will be sought, but we are under the restriction of be-
ing unable to advertise the job.

3.18.3 Environmental Assessment of CRNL Waste Management Areas
- R.W.D. Killey and J.H. Munch

3.18.3.1 Waste Management_Area ^C^

Rotary drilling and detailed soil sampling are
still underway in the portion of the study area down-
gradient from the thorium nitrate and nitrate decomposi-
tion plant disposal pits. Low levels of 3 activity were



3.18.3.1 Was_te Management Area ^C^ (cont'd)

found in two boreholes intersecting the expected plume
location below the former nitrate plant- Some & activ-
ity has also been found downgradient of the thorium
nitrate disposal pit, at the approximate distance one
would calculate for 90Sr migration (using retardation
factors measured in the nitrate decomposition plant
plume). An estimated 5 Ci* of 90gr Were contained in
the thorium nitrate waste; further drilling will deter-
mine the configuration of this lens or pod of strontium-
90 and provide valuable longitudinal and lateral dis-
persion data. Very low levels of alpha-emitting con-
taminants have been found approximately 8 m from the
thorium pit. Detailed drilling and radiochemical analy-
sis (in conjunction with E.L. Cooper and J.O. McHugh)
is planned for this area to provide information on
thorium migration behaviour.

A second set of groundwater samples have been
collected and analyzed in the field (pH, E^, alkalinity)
and in the laboratory (major ions and selected trace
metals), with only dissolved organic carbon analyses yet
to complete. Slight but significant major ion increases
have been detected in the contaminant plume from Area
"C". To date, tritium remains the only radionuclide
detected in the subsurface downgradient of the low-level
waste management site.

3.18.3.2 Waste Manag_ement_Area "_VF"

Routine monitoring of hydraulic head patterns has
continued and a second complete set of groundwater sam-
ples has been collected and analyzed. Geochemical pat-
terns between the spring and fall sampling are in general
very similar, although some anomalies were observed.
In several of these cases, a third set of samples is
required to TVsolve ambiguities.

3.18.3.3 Li2uid_DiLsposal Area

Drilling, with continuous coring, has been started
in the wetlands below the dunes containing the seepage
pits. The investigation is designed to provide detailed
hydrogeologic data and radionuclide migration patterns
and behaviour, with J.O. McHugh and E.L. Cooper managing
most radionuclide aspects. In addition to providing a

*1 Ci = 37 GBg~



3.18.3.3 LiquiLd_DiLspo£a]L Area (cont'd)

basis for predicting migration, the study will supply
information needed for vegetation uptake studies planned
by E.L. Cooper and M.I. Sheppard of WNRE. Drilling in
the area has been temporarily suspended, with plans to
re-start when frost and snow improve access.

3.18.3.4 Tracer_Injection_Experiment -_ Site_Selection

As a preliminary screening, continuous coring on
a 61 m grid has provided detailed stratigraphic data for
one site under consideration for medium-scale tracer
testing. Eight holes on a 18 3 m by 183 m block of land
(immediately north of the Satellite meteorological sta-
tion, on the east shore of Perch Lake) have revealed a
complex sequence of sands and silty clays, with irregular
contacts and lateral gradations from one unit to another.
Many of the features are very small-scale (but possibly
quite significant in controlling groundwater flow) and
lateral continuity is impossible to assess without very
detailed drilling. Within the block of land studied,
there are some areas that contain relatively uniform sand
sequences, as was found at D.R. Lee's small-scale injec-
tion site.

Stratigraphic sampling at the Perch Lake site has
been suspended while we carry out similar investigations
at a site in the vicinity of Waste Management Area "C",
and possibly at a third location adjacent to Upper Bass
Lake.

3.18.3.5 Radar-Sounding_S tra tigraphi:c_Prof_i]Ling

Comparisons of existing borehole logs to radar-
sounding profiles made by J.L. Davis of the Geological
Survey of Canada show, in general, very good correlations
between stratigraphic boundaries and subsurface radar
reflectors. Discussions concerning a program to develop
this very promising remote-sensing technique are underway,
and it is hoped that either a contract or a joint research
endeavour can be carried out next year.
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3.18.4 Groundwater-Contaminant Flux to Surface Waters and Be-
haviour of Radionuclides in Surface Waters

3.18.4.1 General Objec_tiv£s - D.R. Lee

The purpose of this work is to develop an under-
standing of radionuclide transport into and distribution
within surface waters. This goal is being sought through
field and laboratory experiments and research contracts.

Continued effort is being given to the task of de-
fining specific research objectives, time-tables, and
budgets. This is being done in cooperation with I.L.
Ophel, P.J. Barry, V.K. Barwell and R.W.D. Killey of this
Branch and other scientists at WNRE. During this quarter
a research plan was written and submitted to Whiteshell.
This plan included an outline of specific projects de-
signed to meet some of the R & D requirements of the
Canadian waste management program.

For the purpose of meeting these requirements with
the scientific talent available in Canada, a program of
research contracts will be required. Potentially fruit-
ful contacts have been made with biological and geophysi-
cal scientists at several other research institutions.

3.18.4.2 Biodiscrimitation of_Radionuclides_in Aquatic Food_Webs_ -
D.R. Lee and B.M. Kent

Presently, this project involves the artificial
holding of brook trout (for one to two months) in sec-
tions of streams adjacent to and downstream from CRNL
waste management areas. Work included fencing (2.5 cm x
2.5 cm mesh) and placement of 2 to 15 fish in spring "B"
(upper and lower), the beaver pond in East Swamp Stream,
the culvert pond in East Swamp Stream, the Frog Pond
(near "A"), Perch Creek below Perch Creek weir, and the
unnamed stream by the Public Information Centre. Delays
were encountered due to autumn leaf fall and death of
some fish during holding.

3.18.4.3 Groundwajter-Contaminant Fluxto Surface Waters j_ _Field
Studies^ - D.R. Lee and B.M. Kent

To set the stage for future injection experiments,
porewater samplers were installed at seven coring loca-
tions on the east side of Perch Lake. Preliminary



3.18.4.3 Groundwater-Contami^nant Flux_to Surface Waters\_ _Field
Studies^ (cont'd)" ~ ~ ~

surveys (at 42 porewater samplers) show the general pre-
sence of oxygen (0.2 to 5 mg«L~l) in the upper 5 or 6 m
of water-saturated material. However, ten samplers in-
dicated < 0.2 mg-Ij-1. Measured concentrations of < 0.2
mg-L~l may be the result of oxygen introduced during
coring, and these low values may, in fact, indicate nor-
mally anoxic conditions. Generally the low values were
encountered within 2 m of the water table.

The 104-m deep well in the basement of Bldg. 513
appears suitable as a source of feedwater for laboratory
experiments on seepage zone biogeochemistry. A suitable
feedwater would be one with < 0.01 mg'L oxygen and
moderately high electrical conductance (i.e. high total
dissolved solids). The water has < 0.2 mg«L~l oxygen,
an electrical conductance of 335 pS-cm-1, an alkalinity
of 128 mg-L-1 as HCO3, < 0.2 mg-L"1 NO^ and a pH of 8.2.
Thick coatings of ferric oxyhydroxides on the water-
level tape suggests that anoxic water is drawn into the
well and then becomes oxygenated due to the return flow
of the pumping system. Filtered (0.45 ym) samples were
submitted to J.H. Munch for geochemical analyses.

3.18.4.4 Contract_Management - D.R. Lee

As indicated above, project requirements are being
studied and contacts are being made with potential con-
tractors.

A contract for analysis of 226Ra and 137Cs in fish
and water of Great Slave Lake was negotiated in 1979 June
with the Freshwater Institute, Winnipeg. An interim re-
port was received (1979 November 22) from R.H. Hesslein,
G.J. Brunskill, E. Burns-Flett and S. Elliot. The results
of this study will provide bioaccumulation factors for
aquatic food chain models.

3.19 GAMMA EXPOSURE RATES IN THE CRNL BOUNDARY - E.L. Cooper,
G. Lahaie and L.A. Mask

TLDs placed at the perimeter of the CRNL exclusion
area (see Fig. 3.19.1) are used to measure mean exposure
rates and the annual integrated exposures. Results in
Table 3.19 give the sum of contributions from CRNL and
natural gamma radiation.



3.19 GAMMA EXPOSURE RATES IN THE CRNL BOUNDARY (cont'd)

Table 3.19. TLD Gamma Exposure Rates in Public Areas1

(yR*/h)

Location
(see Fig. 3.19.1)

1

2

3

4

5

6

7

8

13

Harrington Bay3

Deep River

Third Quarter
1979

11.1

9.3

4.2

6.0

6.0

4.2

6.5

9.7

9.92

8.7

6.9

1977
Average

10.2

6.0

3.6

6.0

5.6

4.0

5.2

7.6

7.7

7.6

4.2

1978
Average

11.7

7.0

5.0

6.1

4.5

4.2

5.0

7.2

10.1

7.8

5.6

'Sum of natural background and airborne contamination
from CRNL. The contribution from cosmic radiation has
been deducted. In 1977 a change in estimating the cos-
mic contribution resulted in lower totals at all sta-
tions (-1.9 yR/h).

2This figure is the average for the period 1979 June 15
to 1979 October 03.

3Harrington Bay, P.Q., 11 km east from plant stack.

3.20 OFF-SITE MONITORING - E.L. Cooper, G. Lahaie, H.M.
McLaughlin and L.A. Mask

Precipitation samples collected at Deep River were
analyzed radiochemically for ^Sr an(j spectrometrically
for l37cs and other gamma emitters. Monthly composite
samples of water from the Ottawa River, collected at
Rolphton, Deep River, Pembroke and CRNL, were also ana-
lyzed for gamma-emitting nuclides, tritium and 90sr.
The results are shown in Figure 3.20.1.

*1 R = 2.58 x 10"4 C/kg



3.21 LIQUID EFFLUENT MONITORING - E.L. Cooper, G. Lahaie,
H.M. McLaughlin and L.A. Mask

At CRNL, three liquid effluent streams discharge
radioactivity 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 nu-
clides. The mean daily releases from the Process Sewer
are given in Table 3.21 for the third quarter of 1979.
Most of the radionuclides are measured by gamma ray
spec trome try.

Table 3.21. Mean Daily Release from Process Sewer
Third Quarter 1979

Radionuclides

90Sr

137Cs

144Ce

106Ru

140Ba

131I

2 3 9N P

95Zr

54Mn

46Sc

59Fe

65Zn

60Co

Daily
mCi/d

3

7

36

6

63

34

36

65

5

4

3

5

1

Release
MBq/d

111

259

1332

222

2331

1258

1332

2405

185

148

111

185

37



3.21 LIQUID EFFLUENT MONITORING (cont'd)

Perch Creek (see Fig. 3.19.1) draining Perch Lake
and the Disposal Areas, also flows into the river and
is sampled regularly. The total amount of radioactivity
discharged from CRNL per day is calculated from the mea-
sured flow rates and radionuclide concentrations in
individual streams (Fig- 3.21.1). The plutonium figures
represent ^39pu plus 24 0pu since these two isotopes
cannot be distinguished by alpha spectrometry.

At no time did the average concentrations of ra-
dioactivity in the combined effluent flows exceed 1%
of the International Commission on Radiological Protec-
tion (ICRP) 40-hour occupational Maximum Permissible
Concentration for drinking water (MPC ).

3.22 LIQUID DISPOSAL AREA - 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 Liquid Disposal Area into Perch
and Maskinonge Lakes (see Fig. 3.19.1). Most samples
were combined and analyzed monthly for ^H as well as
quarterly for gamma-emitting radionuclides and 90Sr.
Strontium-90, °0co and 3R are still the main contami-
nants in the Perch Lake basin.

3,23 GAMMA EXPOSURE RATES IN THE EXCLUSION AREA - E.L.
Cooper, G. Lahaie and L.A. Mask

Shielded (indoor) and unshielded (outdoor) gamma
ray exposure rates in the CRNL exclusion area are given
in Table 3.23. The reduction in exposure rates ob-
served in Bldg. 513 is due to shielding from 35 cm of
concrete in the floors above the detector.

3.24 STUDIES OF THE BEHAVIOUR OF ACTINIDES IN THE ENVIRONMENT
- E.L. Cooper and J.O. McHugh

J.O. McHugh arrived early in 1979 November to take
up a Natural Sciences and Engineering Research Council
Canada (NSERC) postdoctoral fellowship in the Branch.
He is continuing the work on the development of procedures



Table 3.23. TLD Gamma Exposure Rates in Exclusion Area1

1979 (yR*/h)

Location
(see Fig. 3.19.1)

9

10 (office)2

11

163

Third Quarter
1979

32.0

15.3

12.5

10.2

1977
Average

28.2

22.6

11.9

-

1978
Average

30.8

13.4

10.1

10.6

JSum of natural background and airborne contamination
from CRNL. The contribution from cosmic radiation has
been deducted. In 1977 a change in the method of esti-
mating the cosmic contribution resulted in lower totals
at all stations (-1.9 yR/h).

2First floor office in Bldg. 513. Shielding factor for
4J-Ar gamma ray is ^12. Background in the room due to
brick and concrete construction materials is 13 yR/h.

3Office in CRNL cafeteria.

3.24 STUDIES OF THE BEHAVIOUR OF ACTINIDES IN THE ENVIRONMENT
(cont'd)

for the radiochemical determination of actinides. A
number of core samples have been taken near the liquid
disposal area by R.W.D. Killey and these are being
examined to determine the mobility and distribution of
radionuclides. In the initial work we are studying 60
in the samples since results from Oak Ridge National
Laboratory indicate similarities between the behaviour
of 60Co and the actinides.

3.25 DEVELOPMENT OF COMPUTER PROGRAM FOR THE ENVIRONMENTAL
MONITORING PROGRAM - E.L. Cooper and M.J. Wenzowski

Problems have arisen recently in the programs used
to analyze the gamma ray spectra accumulated from envi-
ronmental samples. Consequently much effort has been
devoted to repairing and updating these programs. Fea-
tures such as the calculation of lower limits of detec-
tion have been added to make the programs more useful.

*1 R = 2.58 x 10-4 C/kg



3.25 DEVELOPMENT OF COMPUTER PROGRAM FOR THE ENVIRONMENTAL
MONITORING PROGRAM (cont'd)

Work is continuing on improving the reliability of
these programs.

Work has also started on the development of a
computerized information retrieval system for the en-
vironmental monitoring data. Eventually we hope to have
a historical record of the monitoring data on file in
the computer. It will then be possible to call up this
data for detailed analysis and also for the preparation
of reports.

3.26 SEDIMENT SAMPLES FROM THE OTTAWA RIVER - E.L. Cooper,
G. Lahaie, M.J. Wenzowski and L.A. Mask

Both core samples and grab samples of sediments
from the Ottawa River were collected during the past
quarter. These samples are currently being analyzed
for alpha, beta and gamma activities. This study was
initiated to assess the potential of the Ottawa River
for studies of the transport of radionuclides by surface
waters and uptake by biological systems in fresh water.
Further work is being planned for next year.

3.27 TRITIUM SURVEY - E.L. Cooper and G. Lahaie

Average concentrations of tritium in streams
within the exclusion area are given in Table 3.27 to-
gether with the amount released during the third quarter
of 1979.

3.28 SURVEY SUMMARY - E.L. Cooper

No significant contamination of the environment
resulting from operations at CRNL has been detected
in these surveys.



Table 3.27.
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Tritium in Streams in the Exclusion Area
Third Quarter 1979

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek weir

Duke Stream1

Concen
yCi/L

0.051

0.015

0.112

0.124

3.907

tration
kBq/L

1.88

0.55

4.16

4.59

144.6

Quarter
Ci

703

1

30

13

76.

64

6

.3

7

iy

2

Release
GBq

.60 x 104

61

1132

492

2838

2Duke Stream discharges into Maskinonge Lake; all other
streams flow directly to the Ottawa River.
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BARRY, P.J. and E. ROBERTSON. Effect of size on the
energy budgets of small lakes, pp. 27-40 in Hydrologi-
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BARRY, P.J. and E. ROBERTSON. Use of radioactive
sources to measure water equivalent in snow, pp. 59-68
in Hydrological and Geochemical Studies in the Perch
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3.29 PUBLICATIONS (cont'd)

ALLISON, G.B., R.M. BROWN, R.W. GILLHAM and H. VANDOR.
A slug infiltration experiment using tritiated water,
pp. 143-153 in Hydrological and Geochemical Studies in
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J. GULENS. Geochemistry of ground water and migration
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Barry, Ed.). AECL, Chalk River. AECL-6404

CHAMP, D.R. The argument for bacterial activity in
ground water, pp. 183-193 in Hydrological and Geochemi-
cal Studies in the Perch Lake Basin: A Second Report
of Progress, (P.J. Barry, Ed.). AECL, Chalk River. AECL-6404

GULENS, J., D.R. CHAMP and R.E. JACKSON. Influence of
redox environments on the mobility of arsenic in ground
water, pp. 221-230 in Hydrological and Geochemical
Studies in the Perch Lake Basin: A Second Report of
Progress, (P.J. Barry, Ed.). AECL, Chalk River. AECL-6404

JAY, P.C., L.K. HENDRIE and P.J. BARRY. Some casual mea-
surements of the chemical composition of rain, through-
fall and stemflow in a deciduous forest, pp. 69-78 in
Hydrological and Geochemical Studies in the Perch Lake
Basin: A Second Report of Progress, (P.J. Barry, Ed.).
AECL, Chalk River. AECL-6404

LEE, D.R. and J.A. CHERRY. Methodology for evaluation
of groundwater-contaminant flux to surface waters
(Abstract), in Abstracts of Technical Papers, 52nd
Annual Convention, Water Pollution Control Federation.
Water Pollution Control Federation, Washington, D.C.
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3.29 PUBLICATIONS (cont'd)

LEE, D.R., J.F. PICKENS, J.A. CHERRY and R.V. NICHOLSON.
A salt tracer study of groundwater flow into Perch
Lake (Abstract), pp. 243-246 in Hydrologioal and Geo-
ohemieal Studies in the Perch Lake Basin: A Second
Report of Progress, (P.J. Barry, Ed.). AECL, Chalk
River. AECL-64 04

LEE, D.R. and A.L. BUIKEMA, Jr. Molt-related sensitivity
of Daphnia pulex in toxicity testing. J. Fish. Re-
search Bd. Can. 36(9): 1129-1133.

MERRITT, W.F., J.F. PICKENS and G.B. ALLISON. Study of
transport in unsaturated sands using radioactive
tracers, pp. 155-164 in Hydrological and Geochemical
Studies in the Perch Lake Basin: A Second Report of
Progress, (P.J. Barry, Ed.). AECL, Chalk River. AECL-6404

WILDSMITH, D.P. Temporal distribution of precipitation
at Perch Lake, pp. 95-118 in Hydrological and Geochemi-
cal Studies in the Perch Lake Basin: A Second Report
of Progress, (P.J. Barry, Ed.). AECL, Chalk River. AECL-6404

3.30 VERBAL PRESENTATIONS*

3.30.1 Presented Papers

LEE, D.R.** and J.A. CHERRY. Methodology for evaluation
of groundwater-contaminant flux to surface waters.
Presented at 52nd Annual Convention of the Water Pollu-
tion Control Federation, Houston, Texas, 1979 October
07-12.

WALTON, F.B.** and W.F. MERRITT. Long-term extrapolation
of laboratory glass leaching data for the prediction
of fission product release under actual groundwater
conditions. Presented at The Materials Research Society
Symp. on Scientific Basis for Nuclear Waste Management,
Boston, Mass., 1979 November 26-29.

*Papers in this section are generally not available in
print.

**Presented by
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3.30.2 Lectures or Seminars

BARRY, P.J. Participated in NEA Meeting on Ocean Dump-
ing of Radioactive Wastes, Paris, France, 1979
November 05-09.

CHAMP, D.R. and R. METCALFE. Presentation and discussion
of nuclear power issues with Nipissing Naturalists
Club, North Bay, Ontario, 1979 October 09.

JUDD, J.M. Participated in Seminar on Advances in Analy-
tical Chemistry, Toronto, Ontario, 1979 November 27-28.

R.W.D. KILLEY and W.F. MERRITT. Participated in Symposium
on Scientific Basis for Nuclear Waste Management,
Cambridge, Mass., 1979 November 26-30.

MERRITT, W.F. Development of instrumentation for hydrolo-
gical research at CRNL. Presented at Federal Water
Research and Surveillance Instrumentation Development
Workshop, Burlington, Ontario, 1979 October 10-11.

OPHEL, I.L. Participated in IAEA Advisory Group Meeting
on Guidance for Siting of Shallow Ground Disposal,
Vienna, Austria, 1979 December 10-14.

3.30.3 Local Talks

(A) Visit of Sir Wilfrid Laurier students, 1979 October
01-02, CRNL.

BARRY, P.J. Tour of Perch Lake inlet No. 2.

MERRITT, W.F. Tour of Glass block site.

(B) Visit of North Atlantic Assembly Scientific and
Technical Committee, 1979 October 22, CRNL.

CHAMP, D.R. Tour of Perch Lake and Discussion of
Environmental Research activities.

ROBERTSON, E. Tour of Perch Lake.



3.30.3 Local Talks (cont'd)

(C) Visit of United Church delegation, 1979 October 29,
CRNL.

BARRY, P.J. Tour of Perch Lake.

CHAMP, D.R. Participant in morning Discussion on
Biological Effects of Radiation.

MYERS, D.K. and I.L. OPHEL. Biological effects of
radiation - Protection of Man and Environment.

(D) Visit of Concordia University students, 1979
November 07, CRNL.

JUDD, J.M. Environmental Research at CRNL.

OPHEL, I.L. Radiation and the Environment.

(E) Other.

CHAMP, D.R. Tour of Perch Lake. Visit of Latin
America and South American Embassy staff, 1979
October 26, CRNL.

CHAMP, D.R. and R. METCALFE. Presentation and dis-
cussion of Nuclear Power Issues. Visit of Nipissing
Naturalists Club, 1979 November 17, CRNL.

KILLEY, R.W.D. and I.L. OPHEL. Some Monitoring As-
pects of CRNL Waste Management. Presented to AECB
visitors, 1979 November 05, CRNL.

3.31 INVITED SPEAKERS*

McMILLAN, Ann, Ontario Hydro, Toronto, Ontario - "Atmos-
pheric site assessments", 1979 October 09, CRNL.

LINDSAY, Louise, University of Waterloo, Waterloo,
Ontario - "Use of the unsaturated zone as a means of
waste isolation", 1979 November 08, CRNL.

*Papers in this section are generally not available in
print.
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RADIATION BIOLOGY BRANCH

by

D.K. Myers

5.1 Staff

5.2 Aims of the Branch

BIOCHEMISTRY AND MOLECULAR BIOLOGY

5.3 Detection of Radiation Damage in DNA of Human White Blood
Cells

5.4 Studies on a DNA Binding Factor

5.5 Use of Alkaline Elution to Study DNA Damage and Repair in
Human Cells

5.6 Relative Lethality of Various Ionizing Radiation-Induced
Free Radical Species in Schizosaccharomyces pombe

5.7 Formation of 5-Hydroxymethycytosine-Containing Dimers in
UV-Irradiated Bacteriophage T4 DNA

5.8 Enhanced Radiosensitivity of Cultured Cells from Tuberous
Sclerosis Patients

5.9 Defective Repair of 4-Nitroquinoline-l-0xide-Induced Damage
in DNA of Ataxia Telangiectasia

GENETIC AND POPULATION STUDIES

5.10 The Genetic Effects of Tritiated Water on S. cerevisiae

5.11 Early Radiolytic Events and their Influence on Biological
Endpoints in the Yeast Assay System

5.12 Low Dose - Low Dose Rate Genetic Effects of Ionizing
Radiation in Yeast

5.13 Induction of Genetic Changes in Yeast
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5.14 Radiation-Induced Tumors in Rats

5.15 Tumor Induction in Mammals

5.16 Assessment of Radiation Hazards to Human Populations

5.17 Publications

5.18 Verbal Presentations

5.18.1 Presented Papers
5.18.2 Lectures or Seminars
5.18.3 Local Talks

5.19 Invited Speakers



5.1 STAFF

Branch Head - D.K. Myers

Biochemistry of DNA and RNA
H.C. Birnboim

Radiation Damage in Cell Walls
and Membrane

R.E.J. Mitchel

Enzymatic Repair of Radiation
Damage to DNA

N.E. Gentner

DNA Repair in Cultivated
Human Cells

M.C. Paterson
N.T. Bech-Hansen2
P.J. Smith2

DNA Replication and Repair in Fungi
P. Unrau
D.P. Morrison-^

Bacteriophage T4 Genetics
J.D. Chi 1ds

Radiation-Induced Tumors
D.K. Myers

Secretary

Assistants J.J. Jevcak
A.G. Knight

Assistant K.M. Baird

Assistant M.M. Werner

Assistants P.A. Knight
B.M. Sell
B.P. Smith

Assistants M.C. Hearty
V.M. Clermont

Assistant R. Pi Ion

Assistant L.D. Johnson
J.F. McGregor^

C.I. Walters

Animal House Supervisor
M.A. Jones

Laboratory Attendant
B.A. Ruhnke

ij.F. McGregor transferred from the Population Research Branch
when it merged with the Radiation Biology Branch 1979 September 19.
Attached Staff (Research Associate with M.C.P.) under U.S. NCI
Contract N01-CP-81002 with the Clinical Epidemiology Branch,
National Cancer Institute, Bethesda, Md.

3D.P. Morrison joined Radiation Biology Branch 1979 August 06
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5.2 AIMS OF THE BRANCH

Research in the Radiation Biology Branch is directed
towards an understanding of the effects of ionizing
radiation on living organisms, with a particular interest
in assessment of the genetic and carcinogenic hazards of
low-level radiation to human populations. Attention is
given to the entire chain of events by which the initial
radiation-induced changes in the living cell are translated
into significant biological effects. The most critical
target for damage by radiation or radiomimetic chemicals in
the environment appears to be DNA, the carrier of
hereditary information in all living cells. The harmful
consequences of this initial damage to DNA can be
diminished 1000-fold or more by repair processes in the
living organism. An improved understanding of the DNA
repair mechanism would thus seem to be crucial for a proper
interpretation of the shape and position of radiation
dose-effect curves and consequently for assessment of the
hazards of low-level radiation to humans and other living
organisms. Research activities in the Branch are currently
focussed on this area.

5.3 DETECTION OF RADIATION DAMAGE IN DNA OF HUMAN WHITE BLOOD
CELLS - H.C. Birnboim, J.J. Jevcak, and A.G. Knight

We are attempting to determine if the detection of
strand breaks in DNA by the method of alkali-denaturation
can be applied to human white blood cells. This method is
usually applied to dividing cells, prelabelled in their DNA
with radioactive thymidine, and it can detect damage to DNA
by 1-2 Gy of y-radiation (see also Section 5.5). The
principle of the method is that the rate of unwinding of
double-stranded DNA under alkaline conditions is related to
the number of strand breaks induced by radiation. We have
shown that as much as 5 g of DNA can readily be isolated
from 0.2 mL of blood and that denaturation of this DNA can
readily be followed using sensitive fluorometric
techniques. This obviates the requirement for prelabelling
of cellular DNA and should allow rapid detection of
relatively low levels of damage to human white blood
cells.
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5.4 STUDIES ON A DNA BINDING FACTOR - R.E.J. Mitchel, P. Unrau,
and K.M. Baird

Binding factor purified from M. radiodurans can be
separated into two fractions which differ in their net
charge. Both fractions are activated (%5X) in the presence
of a detergent, suggesting their preference for a
hyrophobic environment. A comparison of their relative
sizes by gel filtration in the presence of a detergent
shows no detectable difference. Likewise, both self-
aggregate when removed from the presence of a detergent.
These properties of the purified binding factor add further
support to the hypothesis that their normal location in the
cell is in association with cellular membranes.

5.5 USE OF ALKALINE ELUTION TO STUDY DNA DAMAGE AND REPAIR IN
HUMAN CELLS - N.E. Gentner, M.M. Werner, and M.C. Paterson

This sensitive method of analyzing DNA damage was used
first to study the kinetics of strand break repair in
normal and AT fibroblasts; it verified results from
conventional sedimentation analyses that AT cell lines were
as proficient as normal cells in repairing ionizing
radiation-induced DNA strand scissions. The confidence
thus gained in this system has allowed us to proceed to the
second stage of this study, which has the aim of
elucidating the particular lesion(s) whose repair is
deficient in AT cells.

The induction and repair of DNA-protein cross-links,
induced by ionizing radiation exposure, is now under
investigation. The presence of such cross-links can be
determined in two ways: (i) by the reduced elutability of
such material, relative to non-cross-linked DNA,
immediately after a low "fracturing" y -ray exposure
delivered at various times of incubation after the original
exposure; and (ii) by the increase in elutability after
removal of the cross-links by treatment with proteinase K.
The two methods complement each other in that method (i)
gives little or no increase in elutability immediately
after exposure and maximum increase when repair is
completed, while method (ii) gives maximum increased
elutability at time zero (i.e. when cross-links are
present) and has little or no effect after they have been
repaired. Operationally, method (ii) gives more
reproducible results. In normal cells, the repair of such



DNA-protein cross-links seems to proceed nearly as rapidly
as for strand breaks. Not all the AT lines have yet been
examined.

The third stage will look at repair of DNA-DNA
interstrand cross-links, induced by agents such as the
potent carcinogen mitomycin C.

5.6 RELATIVE LETHALITY OF VARIOUS IONIZING RADIATION-INDUCED
FREE RADICAL SPECIES IN SCHIZOSACCHAROMYCES POMBE -
N.E. Gentner

The relative lethality of various free radicals formed
by radiolysis of water has been tested in the eukaryote
^. pombe, a fission yeast. From y-survival curves in
aqueous suspensions saturated with N2, N2O, and O2 ±
sodium formate, and assuming equivalent summed lethal
effect at equivalent survival levels in the various gases,
equations can be set up with factors for relative lethal
effect of the different radicals, and solved. In the
absence of oxygen, the free radicals *0H, *H, and
e~aq seem to produce approximately the same extent
of inactivation per unit quantity of radical. The
superoxide anion 0?:~ formed during irradiation in O2
has approximately 2£X this lethal effect. However, in the
presence of oxygen, the hydroxyl radical, not the
superoxide anion, seems to be the major lethal species;
•OH in O2 is ^2X more lethal than O2:". In other
words, 'OH in the presence of oxygen is 5-5JX more lethal
than *0H in the absence of oxygen. It therefore seems
that the major reason for enhanced killing in the presence
of oxygen compared to nitrogen is that oxygen greatly
potentiates the consequence of production and/or reaction
of hydroxyl radical.

5.7 FORMATION OF 5-HYDR0XYMETHYCYT0SIME-C0NTAINING DIMERS IN
UV-IRRADIATED BACTERIOPHAGE T4 DNA - J.D. Childs and
R. Pi Ion

When DNA is irradiated with ultraviolet light, the
most important photoproducts are probably dimers formed
between adjacent pyrirnidines. DNA from most organisms
contains two pyrimi dines, cytosine and thymine, and
therefore the three types of dimers found^are
thymine-thymine (TT), cytosine-thynn'ne (rT) and
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cytosine-cytosine (CC). Bacteriophage T4 DNA is unusual in
that 5-hydroxymethylcytosine (5HMC) replaces cytosine. It
has generally been assumed that 5HMC-containing dimers are
formed in UV-irradiated T4 DNA and that these have a
similar lethal and mutagenic potential as
cytosine-containing dimers. However, two recent reports
have claimed that 5HMC-containing dimers are not formed in
T4 DNA irradiated with 254 run or 265 nm light. As we have
previously shown that the yield of ^cytosine-containing
dimers in E. coli DNA relative to ft dimers is greater at
313 nm than it '•% at 254 nm - 280 nm, we have re-examined
the possibility that 5HMC-containing dimers are formed,
particularly at higher UV wavelengths.

Bacteriophage T4 DNA with an ^>W label in thymine and
cytosine was irradiated with monochromatic light at 254 nm
and 313 nm. The DNA was hydrolysed and then
chromatographed using one-dimensional paper chromatography.
In both chromatograms, two photoproduct peaks were
observed. One peak (A) had a mobility corresponding to ft
and the second pê ik (B) Jiad a mobility intermediate between
the mobility of CC and CT. Radioactivity from both peaks
was eluted, re-irradiated at 230 nm, which preferentially
splits dimers into monomers, and re-chromatographed. Both
photoproduct peaks disappeared and radioactivity at the
position of thymine from pe^k A, and thymine and 5HMC from
peak B appeared. Thus 5HMCT dimers are ̂ formed in
UV-irradiated T4 DNA. The yield of 5HMCT relative to TT
was very low &t 254 nm (<0.1:1.0) and this probably
explains why it hjs not. been detected before. At 313 nm
the yield of 5HMCT to TT was considerably higher, (0^3:1.0)
but this is still much lower than the yield of CT:TT in
E. coli, which is 1.6:1.0 at this wavelength.

•'*•'

5.8 ENHANCED RADIOSENSITIVITY OF CULTURED CELLS FROM TUBEROUS
SCLEROSIS PATIENTS - M.C. Paterson, N.T. Bech-Hansen,
B.P. Smith, B.M. Sell, and P.A. Knight

Tuberous sclerosis (TS) is a rare human hereditary
disorder featuring facial benign tumors, epilepsy, mental
retardation, skin" pigmentation changes, and skeletal
malformations. Subjects afflicted with this autosomal
dominant disease also tend to develop malignant tumors in
the brain, kidneys, and heart. Clinical evidence raises
the possibility that TS patients may be unusually
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sensitive to the harmful effects of ionizing radiation. In
a recent case report, attention was drawn to a patient
exhibiting many features of a related genetic disorder,
ataxia telangiectasia (AT), who responded adversely to the
administration of conventional radiotherapy for tumor
treatment (Gotoff et al., Am. J. Pis. Child. 114:617-25).
Although one of the hallmarks of AT is hypersensitivity to
radiation, both at the clinical and cellular levels, the
reported AT patient also showed some clinical
manifestations of TS, including characteristic brain and
kidney abnormalities.

We were therefore prompted to measure the sensitivity
of cultured skin cells from three TS patients to killing by
acute exposure to 60r,o Y-irradiation, delivered under
oxic (in air) and/or hypoxic (in N2) conditions. The
cell survival data were as follows:

Strain Donor's Clinical Picture -t

O x i a H y p o x i a

GM498

GM1635
GM1640
GM1644

normal

tuberous sclerosis
tuberous sclerosis
tuberous sclerosis

398+20 610±28

299+9* 430±43*
498±12*

388±10 540+31

t ± standard error ofDose (rad) reducing survival to
the mean. Note: 100 rads = 1 Gy.

*P<0.05, comparing D^Q value of indicated TS strain to
that of normal (control) strain GM498, using standard
error of the mean in the statistical test.

Two of the three TS cell lines display increased
sensitivity to the lethal effects of Y-rays, suggesting
that Kypersensitivity to radiation is a common, but not
constant, property of TS cell lines. The fact that the
third TS line is like that of a control line from a normal
individual is not surprising, given that heterogeneity is
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the norm in human genetic diseases. Arrangements have been
made to obtain additional TS cell lines to establish the
generality of this association between tuberous sclerosis
and enhanced cellular radiosensitivity in vitro.

5.9 DEFECTIVE REPAIR OF 4-NITR0QUIN0LINE-1-0XIDE-INDUCED DAMAGE
IN DNA OF ATAXIA TELANGIECTASIA CELLS - P.J. Smith and
M.C. Paterson

We have continued our studies on the cellular and
molecular responses of cultured skin cells from ataxia
telangiectasia (AT) patients to the chemical carcinogen
4-nitroquinoline-1-oxide (4NQ0). Our previous studies
revealed that two of three AT strains examined are
hypersensitive to the killing action of 4NQ0 compared with
cells from normal persons. We have also reported that AT
cells are normal in the expression of 4NQ0-induced repair
replication (primarily a measure of the removal of stable
4NQ0-DNA adducts involving guanine and adenine residues).

There is a class of 4NQ0-DNA adducts which are
unstable under alkaline conditions and are therefore
expressed as DNA single-strand breaks by the conventional
technique of velocity sedimentation in alkaline sucrose
gradients. These unstable adducts involving the base
guanine are apparently repaired in normal cells by an
"ionizing radiation-1 ike"pathway. Since AT cells are known
to be sensitive to ionizing radiation and defective in the
repair of radiogenic DNA damage it seemed reasonable that
the co-sensitivity of certain AT strains to 4NQ0 could be
due to the defective repair of the unstable 4NQ0-guanine
adducts. We have thus followed the repair of such adducts
by measuring the disappearance of DNA single-strand breaks
(detected in alkali) in 4NQ0-treated AT cells.

In a normal strain (GM 38) and an AT strain of normal
4NQ0 sensitivity (AT3BI) fewer than 10% of the initial
number of alkali-labile lesions remained at 6 hr after
chemical treatment. In the case of two AT strains that are
hypersensitive to 4NQ0 (AT2BE and AT4BI) greater than 75%
of the initial number of lesions remained after 6 hr
incubation. In short, the cell survival responses of the
three AT strains examined correlate with their ability to
remove the carcinogen-induced unstable guanine adducts in
DNA, strongly suggesting that these adducts, if not
repaired, can lead to cell death. The results also
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provide strong evidence that some, but not all, AT strains
are defective in repairing a distinct class of reaction
products formed in DNA by the partially radiomirnetic
chemical 4NQ0.

GENETIC AND POPULATION STUDIES

5.10 THE GENETIC EFFECTS OF TRITIATED WATER ON S. CEREVISIAE -
D.P. Morrison, P. Unrau, and R.V. Osborne*

We have reported previously that we have been unable
to confirm the observation of Ito and Kobayashi (Radiat.
Res. 76:139, 1978) on the induction by tritiated water of
gene conversion in yeast. While the same genetic event
involving the same genetic markers was assayed in these two
studies, the two strains used do differ in other respects.
Prior to beginning a direct comparison of the two strains
on exposure to tritiated water, we have assayed X- and

y-ray induced gene conversion under anoxia in AD4, the
strain used by Ito and Kobayashi. As expected, a linear
dose response was obtained. The results do however confirm
their observation that the gene conversion rate in AD4 is
approximately 8 convertants/106 cells/Gy, which is higher
than that observed for our strain, D7.52a (ca. 2
convertants/106 Cells/Gy under essentially anoxic
conditions). The underlying, and presumably genetic, basis
for this variation is not yet understood. None of the
known differences between the strains can, in our
experience, readily account for the enhanced convertant
yield per unit dose.

5.11 EARLY RADIOLYTIC EVENTS AND THEIR INFLUENCE ON BIOLOGICAL
ENDPOINTS IN THE YEAST ASSAY SYSTEM - R.E.J. Mitchel,
P. Unrau, D.P. Morrison, M.C. Hearty, and V.M. Clermont

Experiments have been undertaken in the yeast
Saccharomyces cerevisiae, to identify the aqueous free
radicals that are most damaging to the cell during exposure
to ionizing radiation. The endpoints of cell survival and
gene conversion (a type of genetic alteration) are being
compared to determine if both respond similarly. Primary
aqueous radical levels present during irradiation are

•Health Physics Branch
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being manipulated with various radical scavengers. Results
indicate that both survival and gene conversion respond to
the same alteration in radiation parameters. In anoxia,
direct damage appears more important than water radical
mediated indirect damage- In the presence of oxygen
however, aqueous radicals3 particularly •Oil, appear more
important in both survival and gene conversion.
Preliminary experiments indicate 0£ is important in this
organism.

5.12 LOW DOSE - LOW DOSE RATE GENETIC EFFECTS OF IONIZING
RADIATION IN YEAST - P. Unrau, D.P. Morrison, M.C. Hearty,
and V.M. Clermont

Two considerations have been examined which might
influence the outcome of gene conversion studies in yeast.
Cells grown in minimal medium might have an extended
physiological repertoire and may differ in radiation
response as a result. In a direct comparison, cells grown
in minimal medium and plated on minimal medium were not
more resistant than cells grown in rich medium and plated
on rich or minimal medium. The effects of liquid holding
in buffer (20 mM PO4, pH 7.0) were also tested and no
difference in survival was observed between cells plated
immediately or after 24 hours of holding.

5.13 INDUCTION OF GENETIC CHANGES IN YEAST - L.D. Johnson and
D.K. Myers

In this report, we wish to add two more chemicals to
the list and report the extension of our work on trimethyl
phosphate. The additions are sodium sulfide and sodium
sulfite.

We reported a weak positive result for gene conversion
in strain D7.rad52a exposed to trimethyl phosphate
previously. We have confirmed this result with strain
MU-42. If we express our results in terms of colonies per
mM per min per 10^ cells and compare Ml).42 and D7.rad52a,
trimethyl phosphate gives the ratio

MU-42 L 4

D7.rad52a ~ A-n

Sodium sulfide has not been reported previously as a
genetically active compound. It did not appear to induce
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gene conversion at pH's above 7.5. At pH 6.5 and lower it
does induce gene conversion. A 0.04 molar solution of
Na2S-9H20 in 1.0 M phosphate buffer pH 4.0 induced 13
convertants in 10^ cells with a survival rate of 72% when
tested with MU-42. Further tests are being conducted to
determine whether this effect is due to the sulfide itself
or to some oxidation product of the sulfide.

Sulfur dioxide dissolves in water and forms the weak
acid H2SO3, which ionizes in solution to M+ and
HSO3-. These ions can also be generated by dissolving
Na£S03 in water and lowering the pH with HC1. At
pH 7.65 Na2S03 (0.127 M) does not induce gene
conversion in MU-42 (93% survival). At pH 4.0, 0.05 M
Na£S03 induces gene conversion in both MU-42 and
D7.rad52a.

5.14 RADIATION-INDUCED TUMORS IN RATS - L.D. Johnson and
D.K. Myers

This experiment has been in progress for one year (one
year in the life of a rat corresponds to 20-25 years in the
life of a human), which is the expected latency period for
cancer induction. During the course of this first year we
have seen 26 rats die, mostly of respiratory disease. In
the three unirradiated control groups we have observed 4
deaths from an original population of 88 rats (4.5%); in
the groups receiving 1200 rads (12 Gy) of beta radiation,
11 deaths ."rom an original population of 167 rats (6.6%);
in the groups receiving 2400 rads (24 Gy) of beta
radiation, 11 deaths from an original population of 175
rats (6.3%).

There were no skin tumors in the unirradiated control
groups. In the five groups receiving 1200 rads (12 Gy), we
now have 20 tumors. In the five groups receiving 2400 rads
(24 Gy) we have 22 tumors. Final data from this experiment
will become available during 1980.

5.15 TUMOR INDUCTION IN MAMMALS: SYNERGISTIC EFFECTS OF
RADIATION CARCINOGENESIS - J.F. McGregor

A long-term experiment with rats was initiated in 1973
to see whether radiation in combination with cigarette
"tar" would increase the cancer hazard to the extent
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(10-fold) observed for lung cancer deaths among uranium
miners who smoked cigarettes. The study intended to serve
a 3-fold purpose: 1) to determine the reason for this
increase in the cancer incidence, 2) to test the validity
of a risk concept that is thought to overestimate the
hazards of radiation, and 3) to compare the above
magnitude of effect with that observed in controlled animal
experiments, since human populations are known to vary in
every conceivable parameter, and there must be among them
unusually susceptible subpopulations. For insurance
against possible failure to produce tumors in rat skin by
cigarette "tar", an experiment was run in parallel with an
agent of proven carcinogenicity for this species, a
dyestuff called 2-anthramine, related to the carcinogenic
aromatic amines known to cause cancer in humans.

To date, a paper has been published (J. Natl. Cancer
Inst. 56:429, 1976) that showed a 3-fold increase (P<0.01)
in the number of benign skin tumors for applications of 40%
cigarette "tar" in acetone 3 times per week for 6 months,
beginning at 2 months following a single exposure to 1600
rads (16 Gy) of beta radiation. This effect was attributed
to the tumor-promoting ability of cigarette "tar", since
the "tar" alone did not cause tumors to form.

A second paper relating to the yields of skin tumors
induced by different doses of beta radiation has been
published (J. Natl. Cancer Inst. 62:1043, 1979), the
highlight of which was that the growth rates of
morphological benign tumors progressing to overt cancers
were continuously rapid from their first appearance in the
skin, suggesting that the potential for malignant
development had been established early in the carcinogenic
process. It is usually believed that the growth rate of
human cancers associated with early lesions is slow to
begin with, and rapid with the onset of malignancy.

A third paper (in preparation) confirms the above
tumor-promoting effect for applications of cigarette "tar"
beginning at 2 months after the irradiation, and it also
presents the results of the main experiment in which the
treatment with cigarette "tar" (40% in acetone 3 times per
week) was begun immediately following the irradiation (1600
rads or 16 Gy) and continued for the lengthy period of 18
months in an attempt to encourage cocarcinogenesis rather
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than tumor-promotion. The results show a 1.7-fold increase
(P=0.01) in the yield of papillomas, and a 1.6-fold
increase (non-significant) of carcinomas for the combined
treatments. These effects were attributed to the
tumor-promoting action of the cigarette "tar", since its
tumor-producing ability had, again, not been demonstrated.
These two kinds of activities have been well characterized
in studies with mouse skin. Thus it is interesting that in
rat skin, cigarette "tar", on the one hand, can stimulate
dominant tumor cells to independent growth, but on the
other hand, it cannot convert normal basal cells to active
tumor cells.

Results of the parallel experiment with 2-anthramine
(material for a fourth paper) show a strong synergistic
effect for the combined treatments.

These experiments together provide a sound bioassay
system for proceeding to determine whether the shape of the
dose-response curve for the combined treatments is markedly
curvilinear at the lower end of the radiation-dose scale,
and, if so, to know the shape of the curve in terms of
tumor-promotion and tumor-producing effects.

An experiment with genetically hairless rats has been
in progress since 1978 November to determine whether the
yield of skin tumors is significantly lower than that of
their haired siblings. Some researchers argue (Special
Report No. 6, Brit. J. Radiology, 45:610, 1972) that the
rat is not a suitable animal for extrapolation to man on
account of the large number of skin tumors arising from the
hair follicles. Final scoring of tumors from the hairless
rats will be in 1980 May.

An experiment with white rats was begun in 1978
December to verify a pilot study carried out one year
previously that indicated a reduction of radiation-induced
skin tumors following post-irradiation hyperthermia
treatment. This work was prompted by the increasing
evidence of the effectiveness of hyperthermia in the
treatment of cancer, and it could have potential as a
protective treatment following radiation overexposure
against tumor formation. Final scoring of tumors is due in
1980 June.



- 73 -

Training Program. Miss Jennifer Nicks, third-year
student, Animal Care Technology, St. Lawrence College,
Kingston, Ontario. Experience on research with laboratory
animals used in radiation studies for one month, as
requested by the College.

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

A collaborative review of epidemiological studies
concerned with long-term follow-up of radiation workers in
Canada was prepared for the REAC/TS International
Conference held in Oak Ridge, Tennessee, and will be
published in the proceedings of this conference.
Preparations for the long-term follow-up of past CRNL
employees are meanwhile continuing in collaboration with
Office Services Branch and with Dr. J.L. Weeks, WNRE.

Reports of relevant AECL research were updated for the
Joint Panel on Occupational and Environmental Research for
Uranium Production in Canada. A presentation on
dose-response curves for effects of low-level radiation v/as
prepared for the same panel; it is anticipated that this
presentation will be published at some future date after
suitable revision.

Hazards of radon daughters to the general public were
reviewed in a collaborative paper prepared for the
international congress of the International Radiation
Protection Association. Uncertainties in the calculated
values appear to be related primarily to the most
appropriate risk estimates for inhalation of radon
daughters and to actual radon daughters concentrations
inside buildings at various ventilation rates.

A collaborative paper reviewing the genetic effects of
radiation has been prepared for the B.C. Royal Commission
of Inquiry into Uranium Mining.

5.17 PUBLICATIONS

Birnboim, H.C., and J . Doly - A rapid alkal ine extraction
procedure for screening recombinant plasmid DNA".
Nucleic Acids Research 7, 1513-1523 (1979).



Childs, J.D., M.J. Ellison, and R. Pilon - Formation of
cyclobutane pyrimidine diiners in the DNA of
Escherichia coli exposed to near UV light.
Environmental Mutagenesis _1, 136 (1979) (Abstract).

Hariharan, P.V., S. Eleczko, B.P. Smith, and M.C. Paterson
- Strand break rejoining in the DNA of ataxia-
telangiectasia strains. Absts. Seventh Ann. Meet.
American Society for Photobiology, p. 159 (1979)
(Abstract).

McGregor, J.F. - Association of malignancy with rapid
growth in early lesions induced by irradiation of rat
skin. J. Natl. Cancer Inst. J52, 1043-1049 (1979).

Paterson, M.C., and P.J. Smith - Ataxia telangiectasia: An
inherited human disorder involving hypersensitivity to
ionizing radiation and related DNA-damaging chemicals.
Annu. Rev. Genet. _13_» 291-318 (1979).

Paterson, M.C., P.J. Smith, N.T. Bech-Hansen, B.P. Smith,
and B.M. Sell - y-ray hypersensitivity and faulty DNA
repair in cultured cells from humans exhibiting
familial cancer proneness. In Radiation Research:
Proceedings of the Sixth International Congress of
Radiation Research (S. Okada, M. Imamura,
T. Terashima, and H. Yamaguchi, eds.), pp. 484-495.
Toppan Publishing Co., Tokyo, 1979.

Paterson, M.C., and D.K. Myers - "DNA Repair, Human Cancer
and Assessment of Radiation Hazards". Atomic Energy
of Canada Limited, Report AECL-6627 (1979).

5.18 VERBAL PRESENTATIONS*

5.18.1 Presented Papers

Myers, D.K. - Long-term follow-up of radiation workers in
Canada. Presented at REAC/TS International Conference
on the Medical Basis for Radiation Accident.
Preparedness, Oak Ridge, Tennessee, 1979 October
18-20.

•Papers in this section are generally not available in print.
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Myers, D.K. - Dose-response curves for effects of low-level
radiation. Presented at Joint Panel on Occupational
and Environmental Research for Uranium Production in
Canada, Ottawa, 1979 December 05-06.

5.18.2 Lectures or Seminars

Birnboim, M.C. - Isolation of Polypyrimidine-containing
clones from mouse DNA. Presented to Department of
Biology, McGill University, Montreal, P.Q.,
1979 October 26.

Gentner, N.E. - Radiation - A natural life force.
Presented at Science Teachers' Association of Manitoba
Conference, Winnipeg, 1979 October 19.

Paterson, M.C. - Ataxia telangiectasia: An inherited
radiosensitive disorder in man. Presented to the
Department of Biological Sciences, Stanford
University, Stanford, Ca., U.S.A., 1979 October 22.

Paterson, M.C. - Environmental and genetic interactions in
human cancer. Presented to the Department of
Pathology, Stanford University, Stanford, Ca., U.S.A.,
1979 October 23.

Paterson, M.C. - Hereditary and environmental interactions
in human cancer. Presented to the Laboratory of
Radiobiology, University of California at
San Francisco, San Francisco, Ca., U.S.A.,
1979 October 24.

Paterson, M.C. - Environmental and hereditary interactions
in human cancer. Presented to the Medical Biophysics
and Public Relations Branches, WNRE, Pinawa, Manitoba,
1979 October 26.

Paterson, M.C. - Consultant to Dr. D.S. Fredrickson
(Director, U.S. National Institutes of Health),
Chairman of the Committee on Federal Research into the
Biological Effects of Ionizing Radiation,
Bethesda, Md., U.S.A., 1979 November 07.

Paterson, M.C. - Environmental and genetic interactions in
human cancer. Presented to The Ontario Cancer
Treatment and Research Foundation, Victoria Hospital,
London, Ontario, 1979 December 04.



5.18.3 Local Talks

Chi Ids, J.D. - Cancers and genetic defects in humans.
Presented to Concordia University students (Montreal,
P.Q.) at CRNL, 1979 November 07.

Gentner, N.E. - DNA repair. Presented to Concordia
University students (Montreal, P.Q.) at CRNL,
1979 November 07.

McGregor, J.F. - Induction of skin tumors. Presented to
Concordia University students (Montreal, P.Q.) at
CRNL, 1979 November 07.

Myers, D.K. - Biological effects of radiation. Presented
to Representatives of United Church of Canada, at
CRNL, 1979 October 30.

Smith, P.J. - Defective DNA repair in humans. Presented to
Concordia University students (Montreal, P.Q.) at
CRNL, 1979 November 07.

Unrau, P. - Genetic changes induced in DNA by repair
systems. Presented to Concordia University students
(Montreal, P.Q.) at CRNL, 1979 November 07.

5.19 INVITED SPEAKERS1*

Dr. R.B. Setlow, Department of Biology, Brookhaven National
Laboratory, Associates Universities, Inc.,
Upton, New York - "DNA repair in mammalian cells
treated with combinations of carcinogenic agents",
1979 October 05.

*Papers in this section are generally not available in print.
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6.1 STAFF

Branch Head

Secretary

Professionals

Technical

Clerical

A. Kaden

J.R. Johnson
G.H. Kramer

A. Hesketh
I.M. Christie
D.F. Autayo

M. Gresham (Part-time)

6.2 BIOASSAY LABORATORY

6.2.1 Tritium Dosimetry

The record-keeping chores involved with the tritium
dose files have been reduced considerably with the implementation
of new computer codes, which produce daily tritium monitoring
results and keep the file up to date to reflect staff movement.
The usefulness of these codes will be further improved when the
computer terminal is installed in Building 464, which is
expected in early 1980.

6.2.2 Notes to Tables 6.2.2.1 - 6.2.2.4

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 criteiion 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.
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6) ex-emitting actinide analyses include plutonium, thorium,
americium, curium, as well as actinium.

7) Miscellaneous analyses included llfC, 3GC1, 63Ni, 226Ru,
NatIT , Naf

Hg, and Pb.

8) Total number of cases in a particular period showing a clearly
measurable, abnormal amount of radioactivity in the urine.

6.3 IN VIVO MONITORING

A realistic chest-lung phantom, and a large phoswich detector
suitable for measuring the uranium and thorium isotopes in vivo
have been ordered. Delivery of these items is expected in
February or March, 1980.

6.4 RADIOCHEMICAL ANALYSIS

6.4.1 Actinide Chemistry

The method described in the last progress report has now
been developed satisfactorily. The erratic behaviour of thorium
has been controlled by a new electroplating procedure which
utilizes a sulphate buffer plus oxalate. Recoveries of up to
600 ug of natural thorium have been achieved with a mean recovery
of 70%. One of the major interfering elements in the overall
method has been calcium. It has been found, despite the
information in the literature, that significant quantities are
retained on the anion exchange resins used in this method.

6.4.2 Fission Product Analysis

A method has been tested, with minor modifications, and found
to satisfactorily isolate and separate strontium and barium from
the gross B precipitate that results from the routine bioassay
procedure. This gross 3 precipitate is a screening method that
separates the alkaline earth and lanthanide elements from urine.

The gross 3 precipitate, calcium oxalate, is dissolved in
nitric acid. Strontium carrier is added and the strontium and
barium are separated from other elements by three fuming nitric
acid precipitations. The barium is separated from strontium by
the addition of a carrier and two chromate precipitations. The
strontium is precipitated as the oxalate. Overall chemical
recoveries are about 70% for both methods, with no measurable cross
contamination. Specific methods for promethium and cerium are to
be developed next.



Table 6.2.2.1

Bioassay Analyses

PERSONNEL OF CHALK RIVER NUCLEAR LABORATORIES

1979

S-emitters (2)

Tritium (3)

Iodine (4)

Y-emitters (5)

Natural and Enriched
Uranium

cx-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

179
133

346
290

41
20

158
122

13
8

9
7

1
1

747
3

Positive (1)

Number

1
1

0
0

0

0
0

0
0

0
0

0
0

1

%

0.6
0.8

0
0

0

0
0

0
0

0

n

0
0

0.1

OCTOBER

TOTAL

222
168

472
259

61
32

220
158

13
12

14
12

0
0

1002
4

Positive

Number

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

NOVEMBER

179
153

391
221

28
22

175
146

10
0

11
10

3
3

797
4

Positive

Number

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

TOTALS

TOTAL

580

1209

130

553

36

34

4

2546
11

Positive

Number

1
1

0
0

0

0

0

0

1

(1)

%

0.2

0
0

0

0

0

0

0.04

oo
o



Table 6.2.2.2

Bioassay Analyses

PERSONNEL OF COMMERCIAL PRODUCTS

1979

B-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

SEPTEMBER

TOTAL

2
2

0
0

6
4

6
6

0
0

0
0

0
0

14
1

Positive (1)

Number

O
O
 

I
I
 

O
O
O
 

I
I
 

I
I
 
I

I

0

O
O
 

I
I
 

O
O
O
 

I
I
 

I
I
 

I
I

0

OCTOBER

TOTAL

6
6

0
0

15
10

13
13

0
0

0
0

2
1

36
3

Positive (1)

Number

O
O
 

I
I
 

O
O
O
 

I
I
 

I
I
 

O
O

0

%

O
O
 

I
I
 

O
O
O
 

I
I
 

I
I
 

O
O

0

NOVEMBER

TOTAL

7
7

0
0

11
8

15
13

0
0

0
0

4
3

37
0

Positive (1)

Number

O
O
 

I
I
 

O
O
O
 

I
I
 

I
I
 

O
O

%

O
O
 

I
I
 

O
O
O
 

I
I
 

I
I
 

O
O

TOTALS

TOTAL

15

0

32

34

0

0
0

6

87
4

Positive (1)

Number

0

0

0

%

O
I

I
O

 
1 

O



Table 6.2.2.3

Bloassay Analyses

PERSONNEL OF OTHER ORGANIZATIONS

1979

B-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
Positive (1)

Number %

NO SA

OCTOBER

TOTAL

1PLES !

Positive (1)

Number

DECEIVED 1

DURING '

%

FROM OT

THIS OU

NOVEMBER

TOTAL

HER OR

ARTER

Positive (1)

Number

•;ANIZATIO;

%

IS

TOTALS

TOTAL
Positive (1)

Number %

00

ro



Table 6.2.2.4

Bioassay Analyses

1979 SUMMARY (January 01 to November 30)

B-emitters (2)

Tritium (3)

Iodine (4)

Y-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests

Tests

Tests

Tests

Tests

Tests

Tests

Tests
Cases
(8)

CRNL

TOTAL

1988

4389

624

1835

96

107

35

9074
73

Positive

Number

0

0

0

0

0

0

0

(1)

%

0

0

0

0

0

0

0

COMMERCIAL PRODUCTS

TOTAL

56

0

182

109

4

0

29

380
17

Positive

Number

0

-

0

0

-

0

0

(1)

%

0

-

0

0

-

0

0

OTHER ORGANIZATIONS

TOTAL

5

0

4

32

24

5

0

39
11

Positive

Number

0

-

1

0

0

-

1

(1)

1

0

-

3.

0

0

-

2.5

I

oo



Table 6.2.2.5

ENVIRONMENTAL AND PROCESS SAMPLE ANALYSES

1979

AECL

Tritium
a-emitting actinides
B-emitters
y-emitters

OTHER ORGANIZATIONS

Tritium
a-emitting actinides
8-emitters
y-emitters
Uranium

TOTALS

SEPTEMBER

457
0
0
0

0
0
0
0
0

457

OCTOBER

469
0
0
0

2
0
0
0
0

471

NOVEMBER

463
0
0
0

0
0
0
0
0

463

TOTAL

1389
0
0
0

2
0
0
0
0

1391

oo
-p-
I



Table 6.2.2.6

ENVIRONMENTAL AND PROCESS SAMPLE ANALYSES

1979 SUMMARY (January 01 to November 30)

AECL

Tritium
cx-emitting actinides
8-emitters
Y-emitters

OTHER ORGANIZATIONS

Tri- ium
a-e;uitting actinides
8-emitters
Y-emitters
Uranium

TOTALS

1st Quarter

1278
0
0
0

0
0
0
0
2

1280

2nd Quarter

1324
12
4
4

0
1
1
1
0

1347

3rd Quarter
(2 months)

910
0
0
0

o
 o

 o
 o

 
o

910

4th Quarter

1389
0
0
0

CM O
 

O
 

O
 

O

1391

TOTAL
(11 months)

4901
12
4
4

2
1
1
1
2

4928

00

vn



Table 6 .2 .2 .7

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1979 October 01 - December 31

BRANCH

RIS
NRU
NRX
CHEM OPS
MECH SERV
EIP
WEP
LOOPS
ARD
MISC

TOTALS

% of Persons

0-49
mrem

41
19
31
13
28
22
2
0
18
4

178

54.4

50-99
mrem

9
31
0
16
16
12
0
0
2
0

86

26.3

100-199
mrem

4
35
1
7
7
0
1
0
0
0

55

16.8

NUMBER <

200-299
mrem

0
5
0
0
0
0
1
0
0
0

6

1.8

DF TESTED

300-399
mrem

0
1
0
0
1
0
0
0
0
0

2

.6

PERSONS IN

400-499
mrem

0
0
0
0
0
0
0
0
0
0

0

0.0

GIVEN DOSE RANGES

500-999
mrem

0
0
0
0
0
0
0
0
0
0

0

0.0

1-3
rem

0
0
0
0
0
0
0
0
0
0

0

0.0

3-5
rem

0
0
0
0
0
0
0
0
0
0

0

0.0

Above
5 rem

0
0
0
0
0
0
0
0
0
0

0

0.0

Tested
Persons

54
91
32
36
52
34
4
0
20
4

327

Total
mrem

1885
8879
390

2222
2787
1112
347
0

199
4

17826

100

MOTES TO TABLE ABME

(/) VoiZi aAz Zitimatzd iiom fyutlum conczntAaZiom, In uJvine.
and io izpn.zie.nt tzi>te.d peAionnzl only.

(I) 1hz mtthod o& doiz zituncution l& deMCXibzd In AECL-5507.

CO
o~>

I

indivldaaZi who have iabrrUJXzd one. on. mon.z Ample.*,

(3) 1hz numbers in the. laj<,t column an.z thoiz that actually fitiult i>iom the. method o& doiz calculationi, and ant not
•intended to n.zpn.z&znt a numbzn. od iigni^icant



Table 6.2.2.8

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1979

BRANCH

RIS
NRU
NRX
CHEM OPS
MECH SERV
EIP
WEP
LOOPS
ARD
MISC

TOTALS

% of Persons

0-49
mrem

31
6
33
8
40
23
11
1
37
11

201

44.3

50-99
mrem

13
9
0
2
3
2
4
0
5
2

40

8.8

NUMBER

100-199
mrem

13
16
3
7
12
8
2
0
2
0

63

13.9

OF TESTED

200-299
mrem

10
17
0
2
7
7
1
0
3
0

47

10.4

PERSONS IN VARIOUS

300-399
mrem

4
13
0
£

5
2
0
0
0
0

30

6.6

400-499
mrem

1
21
0
6
7
0
0
0
0
1

36

7.9

XJSE RANGES

500-999
mrem

0
22
1
12
2
0
0
0
0
0

37

8.1

1-3
rem

0
0
0
0
0
0
0
0
0
0

0

0.0

3-5
rem

0
0
0
0
0
0
0
0
0
0

0

0.0

Above
5 rem

0
0
0
0
0
0
0
0
0
0

0

0.0

Tested
Persons

72
104
37
43
76
42
18
1
47
14

454

Total
mretn

7838
35013
1309
1.4 35 7
9887
3840
950
4

1593
742

75535

100

oo

MOTES TO TABLE ABOVE

(7) Voiti aKz estimated ^Kom tnJjtium conce.ntnat'loni In u/Une. o& individuati who /wive iabmittzd one. OK moKe iamplu,
and 40 Ke.pKe.ie.nt tested ptuonnet only.

(Z) The. method o& doiz estimation U, ducKlbtd In AECL-5507.

(3) The. numbzu In the. laMt column axe tho&e. that actually KUuLt
A.n£e.nde.d to KzpKuznt a numben. o£ ii.gnJ.^icant

the method otf doit calculations, and axe. not



Table 6.3.1

IN VIVO MONITORING

1979 September - November

Chemistry & Materials

Special Projects

Advanced Proiects &
' Reactor Physics

Fuels & Materials

Finance

Operations

General Services

Maintenance & Construction

Administration

Retirements &
Terminations

Animals Counted for
Environmental Research

Whole Be
Number*

3

1

i-t

13

1

4

5

326

1

45

14

)dy Monitoring
No. Positive!)

1

16

Lun£
Number*)

2

1

3

29

Monitoring
No. Positive2'

Other
Number*

l(239Pu)

K125I)

Monitoring
No. Positive3)

1

Clothi
Number*

ng Monitoring
No. Positive-1-'

•MOTES:

CO
CO

o{ people monitoizd in peAiod.

1) KieateA than 10 nCC^o^ l&otopu zmLtMnQ qamm. /uiyi above. TOO kev.

?) Ann mzuuJvublz amount of, alpha. znUXtina liotopu.

.?) Aw/ fiUalU thut indicate, a minoi on an.zaX.eA. contamination U . e . > 10 nCi^of, 1 2 5 I , etc).

t 1 Ci = 37 GBq
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6.A.3 Trace Metals In Biological Materials

A brief review of the literature has been made to determine
the extent of knowledge on the stability and kinetics of formation
of trace metals complexes with various biological compounds
(e.g. amino acids, proteins, etc.). This review is continuing.

6.5 METABOLIC MODELS AND INTERNAL DOSIMETRY

6.5.1 Committed Effective Dose Equivalent Conversion Factors

The report (AECL-6540) describing the calculation of these
factors has been completed and is being printed. A short paper
describing the general model used in AECL-6540, and its solutions,
is being prepared for submission to Health Physics Journal for
publication.

6.5.2 Alkaline Earth Modelling

The routines for optimization of the differential equation
parameters has been put into the numerical solutions package,
FORSIM (AECL-5821) by C.F. Austin and M.B. Carver of the
Mathematics and Computation Branch. A Waterloo Co-op student
has been hired for the next term to run these routines to find
the optimum parameters for the differential equations describing
alkaline earth metabolism. These parameters are to be optimized
by finding the best fit between the numerical solutions to the
differential equations and the values given in ICRP Publication 20.

6.5.3 In vivo and Bioassay Monitoring Criteria

Two documents produced by the Federal-Provincial Working
Party on In Vivo and Bioassay Monitoring Criteria (AECL member,
J.R. Johnson) have been reviewed. The first, "General Criteria
for Bioassay Programs" is almost complete and should be available
early in 1980. The second "Guidelines for Tritium Bioassay" is
being re-written and is expected to be circulated for comment by
mid 1980.

6.5.4 Health Aspects Related to The Transuranium Elements

The World Health Organization organized a group of experts
on the health effects of the transuranium elements. This group
(AECL member, J.R. Johnson) met in Brussels on November 6-9,
1979, for discussions and to prepare a draft of a report on this
subject. A final report by this group of experts is expected
to be ready by late 1980.



- 90 -

6.6 PAPERS, REPORTS, ORAL PRESENTATIONS

6.6.1 Presentations

G.H. Kramer. The Sequential Analysis of Selected Actinides From
Urine. Presented at the 25th Annual Bioassay Conference, Las
Vegas, Nevada. November 1979.

6.6.2 Reports

Johnson, J.R., Stewart, D.G., Carver, M.B. - Committed Effective
Dose Equivalent Conversion Factors For Intake of Selected
Radionuclides by Infants and Adults. Atomic Energy of Canada
Limited, Report AECL-6540 (1979).
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MEDICAL BRANCH

by

D.W.S. Evans

7.1 STAFF

7.2 CLINIC PROCEDURES

7.2.1 Occupational Accident and Illness

7.2.2 Non-Occupational Accident and Illness

7.3 CLINIC VISITS BY WORK CATEGORIES

7.4 BREAKDOWN BY INTERNATIONAL CODE

7.5 MEDICAL EXAMINATIONS

7.6 NON-OCCUPATIONAL ABSENTEEISM

7.7 LABORATORY PROCEDURES

7.7.1 X-Ray Department

7.7.2 Haematology

7.7.3 Urine

7.8 TOTAL HOSPITAL PROCEDURES



7.1 Branch Head

Secretary

Professional

Nurses

- D.W.S. Evans

- V.A. Schizkoske

- W.J.D. Cooke

- A. Kinloch
- J. Williams

Medical Technicians - L.A. Godin-1-
- M. Plattner
- J. Shaw

Lab Attendant - L. GutEeit

Godin terminated employment 1979 October 31.

7.2 CLINIC PROCEDURES

7.2.1 Occupational Accident and

AECL
Male

Female

Others
Male

Female

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

Illness

Sept.

35
23
58

1

1

i

Oct.

32
49
81

2

i 
i | i

—

Nov.

38
27
65

3

~3

1
1

1

7.2.2 Non-Occupational Accident and Illness

AECL
Male

Female

- New Visits
- Revisits

- New Visits
- Revisits

304
172
476

33
32
65

295
209
504

37
43
80

330
210
540

38
35
73

Total

204

Grand
Total

214

1520

218
1738
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7.2.2 Non-Occupational Accident and Illness (contInued)

Sept. Oct. Nov.

7.3

7.4

Total Brought Forward

Total

1738

Others

CLINIC VISITS BY WORK CATEGORIES

Sept.
Staff P.R.

Oct. Nov.
Staff P.R. Staff P.R.

AECL
Chalk River Env. Auth. 5

Tech. Info. & Univ. Rel. 39 9
Administration

Finance 31 8

Commercial Operations —

Operations 91 248
General Services
Maintenance & Construction
Plant Design

51 12 51 11

37 32

97 287 110 289

Crawley & McCracken ,
Attached Staff, etc.

BREAKDOWN BY INTERNATIONAL CODE

Infective and parasitic diseases
Neoplasma
Allergic, endocrine system, metabolic and

nutritional diseases

16 11

Grand
Total

214

Male

Female

- New Visits
- Revisits

- New Visits
- Revisits

2

~2

HZ.

5
2
7

5
4
9

5
1
6

3
3

15

12
1765
1979

Total

7

173

124

1122

Health Sciences

Chemistry & Materials

Physics

Applied Research & Dev't

Others

22

21

31

. 95
335

-—

~

—

265

29

17

30

98
361

—

—

—

306

26

17

46

90
372

—

—

—

309

77

55

107

283
1948

31

Sept.

2
101

Oct.

5
4

102

Nov.

__

2
98

1979

Grand
Total

5
8

301

314



7.4 BREAKDOWN BY INTERNATIONAL CODE (continued)

Oct Nov.
Grand
Total

Diseases of the blood and blood-forming organs
Mental, psychoneurotic and personality
disorders

Diseases of the nervous system and sense
organs

Diseases of the circulatory system
Acute upper respiratory infections
Other respiratory infections
Diseases of the digestive system
Menstrual disorders
Other diseases of the genito-urlnary
system

Complications of pregnancy
Diseases of the skin and cellular

tissue
Diseases of the bones and organs of
movement

Congenital malformations
Symptoms and ill-defined conditions
Fractures and dislocations
Sprains and strains
Lacerations, open and puncture wounds
Superficial injuries, contusion, abrasions
Foreign body and other eye injury
Burns
Effects of poisons, weather and related
conditions

All other accidents and violence
Radioactive contamination with a wound
Radioactive contamination without a wound

7.5 MEDICAL EXAMINATIONS

Total

ins —
—

19

27
114
7
22
—
21

1
60

32

92
8
41
13
46
2
2

8
—
1

516

Oct.

Brought

1
1

63

34
131
6
28
4
8

2
44

3:

85
3
50
23
46
13
10

16
—
1

600

Nov.

Forward

2

47

30
161
19
24
—
8

37

40

102
—
50
34
41
4
3

10
2
—
614

Total

314

1
3

129

91
406
32
74
4
37

3
141

103

279
11
141
70
133
19
15

34
2
2

2044

Grand
Total

AECL
Male

Female

Others
Male

Female

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

14
_2
16

4

5

3

2

11
_4
15

2
_2
U

3

1

37

15

62
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7.6 NON-OCCUPATIONAL ABSENTEEISM

Sept.
Male Fcsale

Chalk River Env, Auth. 9%

Tech. Info. & Univ
Administration

Finance

Commercial Ops.

Operations
General Services
Maint. & Const.
Plant Design

Health Sciences

Chemistry & Mat.

Physics

App. Res. & Dev't

. Rel.19

21

1%

224^

20%

52%

45

211%
605

9

15

22%

—

54

4%

5

15

42%
167%

Oct
Male

—

25%

37

1%

281%

54%

55%

89%

189
734

Female

—

19

45%
—

84

2%

5%

13%

58%
228%

Nov
Male

41

42

1

259%

43%

51%

68

187
693%

Female

10%

33

33%

—

65

5

10

18

58%
233%

Total

29

152%

201%

4

968%

130%

180

249

747
2662

7.7 LABORATORY PROCEDURES

7.7.1 X-Ray Department

AECL

Sept. Oct.

Male

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

26
28
54

1
1
2

23
27
50

—
1
1

15
34
49

1
3
4

Nov. Total

153

Films sent to Specialist
Films sent to W.C.B.

Grand
Total

165



7.7 LABORATORY PROCEDURES (Continued)

7.7.2 Haematology

AECL
Male

Female

Others
Male

Female

7.7.3 Urine

AECL
Male

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

Total Brought Forward

Grand
Total

165

Sept. Oct. Nov.

129
19
148

10
1

11

62
5
67

12
1
13

145
16
161

12
—
12

Total

129
139
268

11
16
27

3
5
8

65
75
140

13
17
30

—
__

151
165
316

14
3
17

—
—

724

74

8

376

36

806

415
1386
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7.8 TOTAL HOSPITAL PROCEDURES

Clinic Procedures
Laboratory Procedures
Medical Examinations
Electrocardiograms
Audiometric Tests
Blood Pressures
Whole Body Counts
Lung Counts
Respiratory Tests

Oct. Nov. Total

604
522
26
6
73
7

125
5
65

1008
302
23
9

101
5

123
25
94

1267
562
13
7

57
20
150
5
73

2879
1386
62
22
231
32
398
35
232

1433 2154 5277
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