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BIOLOGY AND HEALTH PHYSICS DIVISION SUMMARY

A.M. MARKO

Health Physics

Methods for continuous measurement of tritium concen-
trations in air have been developed in which HTO in air is
collected into a water stream which is then passed through a
scintillator cell containing many thin layers of plastic
scintillator. Similarly water streams may be tested by flowing
directly through the scintillator cell. Both of these methods
are limited in sensitivity because of the poor interface
between the sample and the scintillator. Thus the HTO is
dissolved in a water sample which only contacts the surface of
the scintillator and detection limits are of the order of
250 nCi/m3 (10 kBg/m3) in air and 1 yCi/kg (50 MBq/m3) in
water, increased sensitivity can be realized by using liquid
scintillator but for a continuous monitor scintillator costs
could be as high as $5000/a. Therefore work is now in hand to
use a liquid scintillator system in which flow rates are
strictly limited and air containing HTO is passed directly into
the liquid scintillator. Water samples which may often be
dirty will be processed by bubbling air through the water to
obtain an air stream containing HTO which is then handled in
the same way as an air sample. It is estimated that HTO
concentrations in air down to *v» f> nCI/m3 (200 Bq/m3) and HTO
concentrations in water down to 0.1 nCi/kg (4 kBq/kg) will be
measureable with a scintillator consumption of only 2 mm3/s.

Methods of improving the performance of a monitor for
plutonium bearing wastes have been studied. The method involves
the measurement of fission neutrons and prompt gamma radiation
excited by a low energy neutron source (Pu-Li). By replacing
the paraffin moderator in the monitor with heavy water and
reducing the oversized sample cavity a six-fold increase in
output is achievable and in addition the spurious background
from fast neutron fission of 2 3 8u likely to be in waste
material is reduced severalfold.

Work has commenced on the examination of electro-
chemically etched plastic films as a means of detecting exposure
to fast neutrons. In this technique, which produced visible
etch tracks, direct interaction of neutrons with the plastic
occurs. Such a method of neutron dosimetry does not require
the use of a fissile radiator such as Np or Th.

A GM counter has many advantages for routine radiation
field measurements but suffers from a limited dynamic range.
For any particular range of intensities the problem may be
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overcome by using several counters having different sensi-
tivities. Other approaches, less costly because they require
the use of only one counter, now being examined use circuit
techniques to restore the counts lost by saturation of counters
arising from their dead time. In one scheme, typically the
upper useful range of a particular type of counter has been
extended by a factor of 25. The effects of normal variations
between counters (sensitivity and dead times) upon performance
of the correction circuit are being investigated.

Environmental Research

Field data from the aquifer below the CRNL waste
management area support predictions of a conceptual model of
oxidation-reduction processes in ground water flow systems.
Observations show a decline in measured potential and a
corresponding increase in sulphide has not been found. Further
work is planned on the behaviour of inorganic cations and trace
organic compounds in the system.

A study on atmospheric diffusion at CRNL using
argon-41 from the reactor stack discharge as a radiotracer has
been terminated after eight years. Much of the data has already
been used in analyses of the statistical behaviour of local
diffusion but further interpretation is planned.

A consultants' report on the hydrogeology of Disposal
Area 'F' has been received. This is the area being used for
contaminated soil from the Port Hope area. The report indicates
that ground water velocities are expected to be high and that
underground monitoring will be difficult because of broken
rock near the bedrock under the site. These factors will be
taken into account in the final design of the drainage and
monitoring systems.

At the request of the Atomic Energy Control Board
eight more samples of contaminated soil from the town of
Port Hope, Ontario were analyzed by gamma spectrometry for
uranium and uranium-daughter nuclides. These samples will be
used at the site of cleanup operations for field calibration
of gamma survey instruments.

In January a Symposium/Workshop was held at CRNL for
scientists collaborating in research studies in the Perch Lake
basin. It was attended by 41 participants from AECL, Environ-
ment Canada, Queen's University and the Universities of



- 3 -

Toronto and Waterloo. Short progress reports on current
research were given and future programs were discussed.

A study of isotopic changes in infiltrating precip-
itation water is under way in the Perch Lake basin. Changes
in deuterium, tritium and oxygen-18 contents of the water will
be followed as it travels through the unsaturated zone to the
water table and during its subsequent movement through the
aquifer. It is expected that these ratios will yield inform-
ation on the relative influence of individual rainfall events
on the subsequent behaviour of the ground water and its
chemical constituents.

Population Research

Studies are continuing of the effects of radiation
in combination with tobacco tar on the production of skin
tumours in rats. The combined treatments are nearing
completion but observations for tumour production will go
on until near the end of 1977. Analyses of the results from
an earlier stage in this study, dealing with the dose-effect
relationships for radiation alone, are now well advanced.

Data from linked medical records, on the ill health
histories of children with central nervous system defects,
Down's syndrome (Mongolism), haemophilia, and clefts of the
palate and/or lip, have been supplied to the Department of
Medical Genetics at the University of British Columbia as part
of a collaborative study.

Biology Branch

Work in the Biology Branch has continued to focus
upon the effects of ultraviolet and ionizing radiation on a
variety of living organisms, including bacterial viruses,
bacteria, fungi, cultured mammalian cells, whole animals and
human populations. The principal sensitive target for
radiation damage in cells from all organisms is DNA, the
genetic material. The chemical nature of the damage to
DNA and the response of cells to this damage is being
studied by a variety of biochemical and genetic techniques.

DNA from higher organisms contain sections which are
made up of long runs of pyrimidine bases (polypyrimidines).
A method for studying the arrangement of these polypyrimidine
segments within mouse and human DNA is being developed.
Ultraviolet irradiation of human cells damages pyrimidine bases
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(as compared to purine bases) preferentially. Polypyrimidines
in human DNA, since they contain no purine bases, have now
been shown to be about twice as sensitive to ultraviolet
light than is "ordinary" DNA which contains both purine and
pyrimidine bases.

Micrococcus radiodurans is a bacterium which
possesses a very high capacity to repair damage by ionizing
or ultraviolet irradiation and is consequently very resistant
to these physical agents. Ionizing radiation damages the
backbone of ONA molecules as well as the bases. When the
backbone of both strands of the DNA is broken (a double-strand
break), this can be lethal unless repaired. Two chemical agents
are being studied which can interfere with this repair process.
One of the cellular processes by which double-strand breaks
(and other forms of damage) may be repaired is called recomb-
inational repair. In cases where cells have two copies of
the genetic information, the second copy can be used in the
repair of damage to the first copy by a process called recombin-
ation. A physical technique for monitoring recombination
involving a base analogue (BUdR) and isopycnic centrifugation
is being developed. It has also been shown, by studying cell
survival after irradiation, that some repair processes in
M. radiodurans exhibit another interesting phenomenon following
sublethal doses of ionizing radiation. An enzyme (exonuclease)
buried in the cell wall, is released from the cell, although
the precise mechanism of this release is unknown. This
exonuclease has now been highly purified and some of its
physical and biochemical properties are being examined.

Bacteriophage T4 is a virus which attacks a bacterium,
Escherichia coli. Since it contains DNA, it can be inactivated
by ultraviolet or ionizing radiation. Radiation damage can
be "repaired"; genes which code for enzymes which carry out
repair processes may be part of the virus, or part of the
host bacterial cell in which the virus multiplies. One such
viral gene is called "x" and its location within the viral
chromosome has now been mapped by genetic techniques. This
virus has also been used for studies of the effects of ultra-
violet irradiation. Although ultraviolet light at 254 nm is
the optimal wavelength for inducing damage into DNA, sunlight
contains very little energy below 300 nm. It has now been
shown that inactivation of the virus by irradiation at 320 run
is due to a different type of damage than that which occurs
at 254 nm. Solar radiation may therefore produce its harmful
effects by damaging DNA in a way which is different than the
better characterized (but possibly less relevant) damage
produced by 254 nm irradiation.
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Some of the kinds of damage produced in DNA by
radiation are detected indirectly using purified or partially
purified enzymes which recognize altered bases and cleave the
DNA backbone at the position of the damaged base. A preparation
of such an enzyme (UV endonuclease) from a bacterium,
Micrococcus luteus, has been found to recognize damage due to
Y-irradiation as well as UV irradiation.

A fungus, Ustilago maydis, is being used for a genetic
study of genes which affect the UV- or Y~sensitivity of cells.
A cell strain whose growth and sensitivity to radiation is
affected by the temperature at which it is grown is being
used for these studies. A protein from U^ maydis with interest-
ing properties is also being studied biochemically. It has
been shown to interact with DNA, rendering the DNA soluble in
acid. This protein may play a role in controlling some aspect
of cellular metabolism in this organism.

The effect of ionizing radiation in producing tumors
and other serious diseases in laboratory animals and man is
being assessed. In one study involving rats, chemical agents
plus radiation are being administered and the induction of
breast and skin cancers is being determined. A review of
radiation hazards to human population is in preparation.
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2.2 FAST NEUTRON DOSIMETRY - W.G. Cross and H. Ing

2.2.1 Spectra from 2 3aU Spherical Assemblies Containing a
Source of 14-MeV Neutrons - H. Ing and W.G. Cross

Previous calculations (PR-B-112) of leakage
neutrons from 2 3 8u spheres containing a point source
of 14-MeV neutrons at the centre indicated that maxi-
mum fluence was obtained for a sphere of 12-cm radius.
in practice, the uranium sphere must have a central
cavity to contain the tritium target assembly. Leak-
age spectra have therefore been calculated for the
following spheres of several diameters with a wall
thickness of 12 cm of depleted uranium. Such assem-
blies may be used both in radiobiology and dosimetry
experiments.

As expected from geometric considerations, the
leakage spectra changes with the size of the central
cavity. Although the unattenuated 14-MeV fluences are
identical (because all the spheres have the same wall
thickness), the broad distribution at lower energies
(about 90% of total fluence) produced by fission and
inelastic scattering decreases in average energy with
increasing cavity size. For cavities with radii of 5,
10 and 30 cm the average energies are approximately
0.5, 0.4 and 0.35 MeV respectively. The total leakage
fluence also decreases with increasing cavity size.
For the radii listed above, the flux multiplications
are respectively 2.7, 2.5 and 2.3 whereas a factor of
2.8 was obtained (PR-B-112) for the point source.

Average cross sections for various reactions useful
in neutron dosimetry and average kerma per unit fluence
were also computed for these leakage spectra. Because
of the unattenuated 14-MeV neutrons, the spectral var-
iations in the lower energy region reduces the average
kerma only by 7%.

2.2.2 Neutron Spectrometry with Hydrog^ -.JUS Scintillators -
H. Ing and W.G. Cross

Considerable improvement to the performance of the
NE-213 neutron spectrometer has been made since the
last report (PR-B-112). Better optical coupling between
the scintillator (5 cm x 5 cm) and the photomultiplier
and optimization of electron optics and electronic
operating conditions have improved the energy resolu-
tion of the spectrometer. The electronics for the
pulse-shape discrimination system have also been improved
allowing it to be operated down to neutron energies of
0.5 MeV (garotna-ray energies of l«ss than 60 keV) with
clear sépara•< ion of neutron and gamma-ray pulses.
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The spectrometer and a calibration procedure
using 22Na gamma rays and the unfolding of pulse height
distributions have been tested by measuring monoener-
getic 14-MeV neutrons and neutrons; from a Pu-Be source.
For 14-MeV neutrons, the unfolded spectrum displays a
clean symmetric peak at the proper energy but still
shows minor fluctuations below about 6 MeV. It is not
clear whether this is caused by scattered neutrons or
by an imperfectly matched response matrix. The shape
of the measured Pu-Be spectrum is in reasonable agree-
ment with published data.

2.2.3 Improvements to Apparatus for Detection of Pu in Waste
Containers - H. Ing and W.G. Cross

For detecting Pu in waste containers, CRNL has
purchased a Bulk Fuel and Scrap Assay Unit from
National Nuclear Corporation. This unit consists
essentially of a 200-litre paraffin-filled drum con-
taining a 45-litre irradiation cavity with a Pu-Li
neutron source embedded in the paraffin. Waste Pu
undergoes fission in the predominantly thermal neutron
field inside the cavity and the neutrons and gamma rays
from fission are detected by two plastic scintillators.

An increase in the sensitivity of this unit would
be useful. Rough calculations by the manufacturer
have indicated that significant increases in sensitivity
could be obtained by replacing the paraffin moderator
with D2O.

To estimate the the achievable improvements,
measurements in mock-up assemblies containg H2O and
D2O have been performed. A similar drum was filled with
H2O and the thermal flux in the cavity was mapped for
various distances of the source from the cavity and
various positions of the cavity inside the drum. Good
agreement was obtained between the measured flux in the
present unit and in the mock-up assembly for the same
configuration of source and internal cavity.

The H2O moderator was then replaced by D2O.
Because of the longer thermalization length for neutrons
in D2O, paraffin reflectors were placed around the
outside of the drum and paraffin moderators of various
thicknesses were placed around the neutron source it-
self. Fluxes were re-measured for these configurations.

Similar measurements were made with the size of
the irradiation cavity reduced to 10 litres (still
large enough to accommodate the cans containing the
waste).
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These experiments led to the following
conclusions:

- Replacement of paraffin by D 20 and the judi-
cious use of paraffin reflectors and moderators
will increase the thermal flux inside the
cavity by a factor of 2 to 3.

- The use of the smaller cavity increases the
thermal flux inside the cavity by a factor of
3 for an H20 medium and 5 for D 20, as compared
to the present unit. Since the smaller cavity
also allows the detectors to be moved closer
to the sample, an overall increase of six times
in counting rate per unit mass of Pu is likely
achievable for D 20.

- "Background" from fast neutron fission of 2 3 8U
in the waste can be several times lower when a
D 20 rather than a paraffin moderator is used.
The thermal flux does not decrease so rapidly
as the source is moved away from the cavity
because of lower capture in deuterium than
hydrogen. Moving the source back will also
decrease gamma background from the source.

2.2.4 Spectra and Dosimetry of Therapeutic Beams of Fast
Neutrons in a Water Phantom - W.G. Cross and H. Ing

Calculation of spectra and dose distributions in
a water phantom, irradiated by a beam of neutrons pro-
duced by 16-MeV deuterons on Be, has been described
(PR-B-112). For field sizes less than 10 x 10 cm,
calculated dose variations along the beam axis agreed
reasonably well with those measured at Hammersmithd)
but for larger fields (20 x 20 cm) there were signifi-
cant discrepancies. These have now been removed by
doing Monte Carlo calculations with the neutron source
at its actual distance from the phantom, rather than
for a parallel incident beam. Although a low-energy
(below 2 MeV) component in the incident spectrum is
still required to give the best fit to experimental
attenuation, its intensity is considerably smaller
than before. Good agreement with measured dose dis-
tributions outside the beam is also obtained.

The small calculated changes in the spectrum on
the beam axis with depth (PR-B-112) are estimated to
change the O.E.R.^ by no more than 2% - too small to
be detected by biological measurements. However, we
estimate that these spectral changes could be observed
by precise measurements with threshold detectors. The
low-energy "tail" assumed for the incident spectrum
would increase the ratio of surface kerma to that at
10 cm depth by 6% and the ratio of skin dose to dose
at 2 mm depth by 4%.

(1) D.K. Bewley, private communication
(2) Oxygen Enhancement Ratio
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2.2.5 Spectra of Neutrons Transmitted and Multiply-Scattered
by Concrete Walls - W.G. Cross and H. Ing

Calculations of transmission and scattering of
neutrons by concrete (PR-B-112) have been continued in
an attempt to understand the sometimes high (.> 80%)
measured values for the fraction of dose equivalent (D.E.)
arising from "intermediate energy" (I-E) neutrons
(in the energy range from thermal to 0.1 MeV). For
various incident spectra (unmoderated and moderated
fission neutrons, monoenergetic neutrons of 2.8 and 14
MeV), the following conclusions apply to neutrons trans-
mitted by concrete:

- the relative I-E fraction increases at depths up
to 10 or 20 cm and then decreases at greater
depths;

- any I-E component in the incident spectrum has
a negligible effect at depths greater than 60 cm;

- beyond 100 cm, because of the "window" in the
oxygen cross section at about 2.3 MeV the spec-
trum of transmitted neutrons up to 180 cm shows
no further increase in the proportion of inter-
mediate energy neutrons.

Transmission through concrete therefore cannot produce
a high proportion of I-E neutrons.

When fission neutrons are scattered repeated!; ,
the D.E. fraction from I-E neutrons increases by about
a factor of 2 at each scattering, the value after 3
scatterings being 24%. Transmission of these neutrons
through 30 cm of concrete decreases this fraction to
12%. Multiple reflections can thus give a high I-E
fraction but only if reflected neutrons alone contri-
bute to the D.E. In practice such a situation may
arise in a shielding maze. On the other hand, multi-
ple reflections from the walls inside a shielded room
do not give a large I-E fraction since most of the
fluence comes from the original source. The type of
scattering that occurs in most practical shielded areas
is unlikely to give a very high proportion of D.E. from
I-E neutrons outside of the shielding. It would seem
that very high measured values which have been reported
arise from uncertainties in the energy responses of the
instruments used.

2.2.6 Effects of Sub-Threshold Fission on Neutron Dose
Measurements with "J'Np Detectors - W.G. Cross and H. Ing

The work, described in PR-B-112, has been submitted
for publication in Health Physics.
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2.2.7 Electro-chemical Etching of Damage Tracks in Plastics -
W.G. Cross and H. Ing

Recent improvements(D in techniques in electro-
chemical etching suggest that the visual detection of
tracks of heavy ion recoils, produced in polycarbonate
sheets by fast neutrons, could become a practical
method of neutron dosimetry. A program to study elec-
tro-chemical etching has been started. Initial
difficulties with "background" artifacts in the etched
surface, arising from the presence of air bubbles, are
being investigated.

2.2.8 Neutron Spectral Measurements Using Proportional
Counters - B.J. Tymons and H. Ing

The data from monoenergetic neutron irradiations
using the Van de Graaff accelerator at the National
Research Council have been analyzed. The unfolded
spectra showed clean, symmetric peaks at the proper
energies, validating the calibration procedure using
resonances in silicon oxide and teflon absorbers in a
graphite stack containing an (a,n) neutron source.

Neutron spectra for Pu-Be and Pu-Li sources have
also been measured. These results are in reasonable
agreement with available data.

2.3 THERMOLUMINESCENT DOSIMETRY - A.R. Jones

The prototype Automatic TLD Reader is being
rebuilt to conform to the final design. When completed
it will serve as a second reader for personnel and
environmental readings to maintain continuous operation
in the event of equipment failure and also permit
development work or calibrations to proceed at the same
time as routine measurements.

The manufacturer of the TLD holder is preparing a
proposal to modify the mould to allow riveting of the
clips to the holders. It is proposed to combine rivet-
ing and epoxy cement to secure the clip more strongly.

The maintenance and operational manual for the
Automatic TLD Reader AEP-5256A has been completed.

The TLD plaques used at AECL have been in use for
half of their design life (100 readings or eight years)
and their design is being assessed to judge whether
replacement plaques should be made to the same design
or to a modified one. In the present design the TLDs
are mounted on an adhesive Kapton tape and all unused
areas of the adhesive are covered with graphite to

(1) G.M. Hassib, J.W.N. Toyn and J. Dutrannois,
Ninth Int. Conf. on Solid State Track Detectors,
Neuherberg, October 1976.
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prevent the adhesion of particles that could contribute
spurious reading. An alternative, being studied, is
to mount the TLDs with adhesive to Kapton tape which
is available free of adhesive.

A sample group of TLD plaques was assembled with
a high temperature cement and a control group was
assembled using adhesive Kapton tape. Both groups
were then subjected to a series of tests to determine
how they compared for sensitivity, variability, fading
and residual signals. Several differences were noted
between the two groups. The new plaques were slightly
less sensitive than the controls and more variable in
their sensitivity although both groups were quite
reproducible when repeated measurements were made. For
reliable operation, the new plaques needed more anvil
pressure but the heat transfer was noticeably better
as shown by a faster read-out of the glow curve. The
faster read-out was not caused by a lower temperature
glow peak because the fading of both sets of TLDs
was the same. Another indication of better heat trans-
fer was the lower residual signal following read-out of
an exposed dosimeter. The new TLD plaque does not
require to be passed through the TLD reader a number of
times after manufacture to reduce the 'unexposed1

signal-

Initial tests with the new plaque are sufficiently
promising to proceed with the next part of the test -
cycling them through 100 reading cycles.

Since only a small proportion of CRNL workers are
exposed at or above the occupational level of 0.5 rem/
year advantages might be gained by monitoring other
workers on a quarterly basis. To test the feasibility
of this, personnel TLDs were exposed to laboratory
background for three months using a carousel to render
the exposure uniform. Since fading could be serious
over this period the test was conducted with both pre-
annealed and unnannealed plaques. It is also of
interest to see whether individual calibration is
advantageous at these low levels.

The mean dose measured was 87 mrad (0.87 mGy).
The following table shows results obtained with both
groups.
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Standard deviation
without calibration

Standard deviation
with calibration

Fading at 25°C

Preannealed
TLDs

19 mrad
(0.19 mGy)

3 mrad
(0.03 mGy)

7%

Unannealed
TLDs

10 mrad
(0.10 mGy)

2 mrad
(0.02 mGy)

8% '

The results show that personnel monitoring
performed on a quarterly basis could be used to relia-
bly detect much lower dose rates than is possible with
a two-weekly service ar.â with an acceptable fading.
Preannealing does not improve performance but individ-
ual calibration produces a marked improvement. The
work of processing TLDs would also be reduced. Whether
calibration was used or not the significance of the
recorded doses would be increased by increasing the
monitoring period.

Development of a light source for use with
Automatic TLD Readers has begun. The purpose is to
permit calibration and testing of a large number of
TLDs read at different times on the same reader or on
different readers - conditions which might affect the
efficiency of light collection. Prototype light sources
have been made using a CaF(Mn) TLD and a plastic scin-
tillator as phosphors [LiF(Mn) proved relatively
inefficient]. The phosphors are mounted on TLD plaques
using a metal backing on which a 90Sr/90Y source is
laid. The sources are sealed with epoxy cement. To
test their stability five light-sources with different
source strengths have been made and are being periodi-
cally read along with some TLD plaques. The light
output could change with time due to radiation damage
or to the filling of deeper traps from which electrons
escape more slowly at room temperature. However either
of these effects should manifest themselves differen-
tially with different source strengths.

An annealing oven has been built to provide a UV
anneal for up to 1000 TLDs at once. It maintains the
TLDs at a constant temperature 300°C) under a UV
transparent window over which UV lamps are mounted.
The performance of sensitized TLDs has been measured
as a function of the oven temperature, UV illumination
and pre-irradiation dose and optimum conditions chosen.
The performance of sensitized TLDs placed at different
places on the heating surface is uniform.
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A program has been written for the Hewlett-Packard
calculator, HP-9820-A, to permit the measurement of
environmental exposures using sensitized plaque-mounted
TLDs. The program includes a predetermined calibra-
tion factor for each of 350 TLD plaques and corrects
for variations in TLD sensitivity. The calculator
accepts data from paper tape punched by the Automatic
TLD Reader which reads pairs of TLDs exposed to envir-
onmental exposures as well as 0 and 1 rad (10 mGy)
control dosimeters. In principle this sould be done
with a larger number of TLDs (e.g., personnel dosimeters)
but a computer would be needed to store and process the
larger amount of calibration data.

2.4 SAFEGUARDS MONITORING - A.R. Jones

The collimated detector array was shipped to
Power Projects (Sheridan Park) where a rig was built
to manoeuvre the detectors with respect to the fuel
bundles. The detectors and rig were then shipped to
Douglas Point where they were tested.

Fuel bundles in five trays stacked above one
another were scanned. For the top tray, data about
their decay heat were available. Two of the bundles
had decayed since 1972 and had little activity left
and one of the bundles was unirradiated. The linear
correlation between the measured signals and the decay
heat (in watts) was poor (correlation coefficient =
0.97). The poor correlation was probably due to a
failure to align the detectors at the same height as
the centres of the fuel bundles. By lowering the array
level by one pitch (the difference in height between
trays) in ten equal steps the maximum signal was obtain-
ed when the array was supposed to be between trays.

To obtain more accurate alignment, needed for
detection of dummy bundles in the presence of irradiated
fuel bundles, one of two things must be done.

- the array must be provided with a direct
mechanical engagement to the fuel trays;

- the height of the array must be adjusted until
a maximum signal is obtained.

The second method is the simplest and quickest way
to assess the existing counter array but for a final
version of the monitor the alignment must be made
easier for an inspector to carry out.
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2.5 RADIATION DETECTORS - A.R. Jones

Because of counting losses at high counting
rates and poor statistics and background effects at
low counting rates a GM counter has a limited dynamic
range. This problem is avoided by using two or three
GM counters in the same instrument. However since the
cost of counters is rising rapidly in relation to the
cost of electronics this solution is expensive. The
following approaches use only one GM counter to cover
a wider dynamic range:

- use of a meter scale which reflects counting
losses;

- use of a circuit which generates pulses at high
counting rates to compensate losses;

- reduction of dead time with electronic quench-
ing;

- decrease of the dead time by operating the GM
counter as a proportional counter;

- operation of the GM counter in the current pro-
portional mode.

The first of these approaches is being studied
from the view point of reliability of measurement and
total cost. The solution adopted comprises a combina-,
tion of a linear and a logarithmic counting rate
"circuit" with an appropriately engraved scale. Pre-
liminary measurements suggest that a Philips counter
type 18509 can be used over the five decades from 1 mR/h
to 100 R/h. After evaluating this approach it is pro-
posed to examine the others.

2.6 RADIATION MONITORING INSTRUMENTS - A.R. Jones

2.6.1 Wide Range By Survey Meter AEP-5288

The design is complete. This survey meter may be
used in place of the Multipurpose Survey Meter AEP-
2153B, the High Range Survey Meter AEF-2163, the
Miniature & Dose Rate Meter AEP-5210 and the Pocket
Warning Dosimeter AEP-5278. It is about the same size
and weight as the Multipurpose Survey Meter but dose
rates are indicated by a digital panel meter.

2.6.2 Portable Contamination Monitor AEP-5297

The design of the monitor is complete. A digital
panel meter displays the counting rate of two 'pan-
cake* GM counters on a single 0 to 999 Hz scale. It
is designed to replace the portable contamination moni-
tor AEP-5227. Because of its large area (30 cm2) of
thin window (2 mg/cm2) it is more sensitive to low
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levels of extensive areas of 3 contamination than
the earlier monitor equipped with a side or end-window
GM counter. To help the recognitiion of low levels of
contamination, after every tenth pulse an audible tone
is emitted and an LED lights.

2.6.3 Low Level y Dose Rate Meter AEP-5301

A laboratory prototype has been built and tested.
Drawing work as begun.

2.6.4 Tests on the Output of the 60Co Source Used for TLD
Calibration

A report was obtained from Ontario Hydro concerning
a discrepancy approaching 20% between calibrations of
TLDs at CRNL and Central Health Physics Services of
Ontario Hydro. It was decided to measure the output of
the CRNL source using several independent methods and
compare them with its output measured by the National
Research Council. The table below shows the method
used and the discrepancy noted between the measured and
stated output of the source.

Method Used Percentage
Discrepancy

Ionex Ion Chamber (calibrated by Nuclear
Enterprises Ltd.)

Ionex Ion Chamber (calibrated with 5.05 mg
Radium Source)

Ionex Ion Chamber (2.02 mg Radium Source)

Ion Chamber (calibrated by E.I.L. Ltd.)

Ion Chamber (calibrated by Victoreen)

TLDs (calibrated with 2.02 mg Radium Source)

Mean discrepancy

Standard deviation

+4.6

-11.7

-4.6

+0.8

+12.7

-2.8

-0.16

8.3

These measurements do not indicate a large error
(> 10%) in the state.3 output of the source.
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2.7 MONITORING NOBLE GAS FISSION PRODUCTS IN AIR EFFLUENTS -
R.V. Osborne and A.S. Coveart

Two monitors, AEP-5293, for air effluents from
the 9 9Mo production facility and the X2 experimental
loop in the NRX reactor (described in PR-B-108, PR-B-
112) have been completed and commissioned in the labora-
tory. In adapting the original design, which was for
monitoring for tritium escaping from the 3He rig asso-
ciated with the X6 loop (see PR-B-112), the individual
sub-assemblies - sampling components panel, recorder,
lead castle and detector, and electronics package -
have been packaged into a single cabinet.

The manual for the monitor has been drafted.

2.8 TRITIUM MONITORING - R.V. Osborne, A.S. Coveart and
N.W. Tepley

2.8.1 X6 Stack Monitor AEP-5293

The monitor has been commissioned in the X6, 3He
flux control facility.

2.8.2 X6 In-line Monitor AEP-5299

The two in-line monitors have been commissioned
in the rig and the calibrations are being checked by
collecting and analyzing samples of the monitored gas.
The measurements also allow the efficacy of the cata-
lytic oxidation and collection systems (using copper
oxide and molecular sieve respectively - see PR-B-112)
to be assessed. The laboratory analyses distinguish
between tritiated water vapour (HTO) and tritiated
hydrogen (HT) in gas samples by passing the samples
through water bubblers to collect the HTO for subse-
quent counting with liquid scintillator and by measur-
ing the uncollected tritium with an ionization chamber.
So far the elemental form has predominated, even in the
monitor downstream from the molecular sieve. There is
no evidence yet that tritium sorbed on surfaces within
the detectors is other than a minor contributor to the
signals from the monitors. Sampling and analysis are
continuing.

2.8.3 Effluent Monitor AEP-5301

Current on-line methods for monitoring tritium
(as tritiated water HTO) are limited to measuring con-
centrations in air above <v» 250 nCi/m3 (̂  10 kBq/m3)
and in water above 1 pCi/kg ('v- 40 kBq/kg). The main
problems are the presence of gamma radiation at the
detector and the presence of noble gas fission and
activation products in the monitored fluids.



- 20 -

A method using liquid scintillator for measurement
of concentrations below those cited above is being
investigated for application as an effluent monitor,
designated AEP-5301. Two major constraints on the
method are that water effluents to be monitored are
often dirty and that the rate of use of scintillator
must be economically acceptable. A consequence of the
latter is that the average rate of sampling from water
effluents must be only the order of 10 mm3/min.

In the method being investigated water vapour is
collected directly from a sample air flow by a flow
of liquid scintillator. Water is sampled by bubbling
inactive air through it at a fixed temperature and
subsequently collecting the evaporated water from the
air stream. The controlled evaporation and metering
of the vapour/air mixture provides the low flow of
water that is needed to mix with the scintillator.

Theoretically, concentrations of HTO in air down
to ^ 5 nCi/m3 (̂  200 Bq/m3) and in water down to
*v» 0.1 yCi/kg (̂  4 kBq/kg) should be measurable by the
method described. The distribution of sampled HTO
between air and liquid phases is the main uncertainty
in the analysis. Preliminary measurements of this
distribution with various air/liquid contacting
arrangements and with various scintillators have
started.

2.9 DETECTION OF 1 3 1I IN AIR - R.M. Holford

The prototype Iodine-in-air monitor AEP-5217,
has operated steadily in the NRX reactor building
throughout the period. The charcoal cartridge in the
filter, used to protect the pump from the bromine which
is added to the air-stream in trace quantities, finally
required replacement this month after six months in
service. The performance of this filter will continue
to be monitored through the summer in order to esta-
blish a suitable interval for changing of the filter
element as part of routine maintenance on the instrument.

Further experiments have been done to identify
those radioiodines which cause a freshly inserted char-
coal loaded filter paper to quickly reach an equili-
brium level of activity. A filter exposed for only 10
minutes to reactor stack air was quickly transferred
to a Ge-Li spectrometer and successive counts were
taken. A strong peak was found at 380 keV which dis-
appears in a few minutes. This is attributed to the
46-s isomer of 1 3 6i whose energy falls in the energy
window centred on 364 keV used to detect 1 3 1 I , the
radio-iodine of principal interest. The 83-s isomer
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of 136i does not have transitions which would
similarly interfere with 1 3 1I detection.

The effect of this interference is that small
concentrations of 1 3 1i cannot be positively identified
in a short sampling period. In the case of a chronic
release the I3*i would be recognizable by a steady
accumulation of activity on the filter and in the case
of a short pulse of iodine being released 131i would
be identified by a slow decay of filter activity.

2.10 ATMOSPHERIC DIFFUSION DATA ANALYSIS - R.M. Holford

The collection of data on the dispersal "of **Ar
from the stack by Environmental Research Branch was
discontinued at the end of 1976 and an unpublished
internal report on the work carried out in the Health
Physics Branch on this topic has been prepared (CRNL-
1593).

2.11 MICROSCOPIC FLYING SPOT SCANNER - R.M. Holford

This instrument has now been converted to function
as a spot counter, and has been tried out at low magni-
fication on perforated aluminized mylar foils. An
approximately correct answer was obtained, but not a
consistent one. Part of the problem was identified as
poor resolution due to too large a spot size on the
scanner tube. This was improved by careful adjustment,
but still seems to be limiting the instrument signifi-
cantly. There remains an unexplained inconsistency
between successive scans with the same instrument set-
tings, and to investigate this it has been necessary to
devise means to display small parts of the scanned area
on a storage oscilloscope.

2.12 ROUTINE DOSE MONITORING - R.M. Rondeau and J.M. Vincent

2.12.1 Body Radiation Doses

In the fourteen week period ending 25 February 1977
and the calendar year to this date there are the follow-
ing distributions of radiation exposures.
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Penetrating Radiation Dose - CRNL

Dose Range

rems

No radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen

No. of
monitored
persons

89
2209
102
22
2
1
1

L Weeks

Total
Dose

' Man-rem

0
174.66
70.38
25.48
3.75
2.19
2.76

115 mrem

119 mrem

Calendar Year

No. of
monitored
persons

92
2277
51
4
2

Total
Dose

Man-rem

0
150.41
34.49
4.54
3.89

78 mrem

83 mrem

Penetrating Radiation Dose - CP

Dose Range

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

19
224

7

1

Total
Dose

Man-rem

0
17.10
4.23

1.65

92 mrem

99 mrem

Calendar Year

No. of
monitored
persons

32
219

Total
Dose

Man-rem

0
10.70

43 mrem

46 mrem
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Penetrating Radiation Dose - PP

Dose Range
rems

No radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

157
25
7
9

Total
Dose

Man-rem

0
3.70
5.85

10.90

103 mrem

499 mrem

Calendar Year

No. of
monitored
persons

188
10

Total
Dose

Man-rem

0
0.08

< 1 mrem

8 mrem

Surface Radiation Dose - CRNL

rems

ifo radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.99
6.50 - 6.99
7.50 - 7.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

89
2157
125
39
11
1
3

1

Total
Dose

Man-rem

0
170.89
89.71
46.13
18.15
2.00
8.42

7.53

141 mrem

147 mrem

Calendar Year

No. of
monitored
persons

92
2239
77
13
3
1

1

Total
Dose

Man-rem

0
148.03
53.16
14.93
5.33
2.06

6.79

95 mrem

99 mrem
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Surface Radiation Doses - CP

Dose Range
rems

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

19
217
12
2
1

Total
Dose

Man-rem

0
18.29
7.66
2.60
1.51

120 mrem

130 mrem

Calendar Year

No. of
monitored
persons

32
217

2

Total
Dose

Man-rem

0
12.35
1.43

55 mrem

63 mrem

Surface Radiation Dose - PP

Dose Range
rems

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

157
25
7
8
1

Total
Dose

Man-rem

0
3.89
6.24
9.66
1.52

108 mrem

520 mrem

Calendar Year

No. of
monitored
persons

188
10

Total
Dose

Man-rem

0
81

< 1 mrem

8 mrem
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The two-weekly administrative control limits for
whole body doses were exceeded three times at CRNL,
once at CP and sixteen times at PP during the four-
teen week period. The corresponding limit for surface
radiation dose was exceeded three times at CRNL.

2.12.2 Hand Radiation Doses

In the calendar yea?.1 and the 14 week period
ending 11 March 1977 there were the following distri-
butions of extremity doses as measured by finger tip

less
1.00
2.00
4.00
6.00

than 0.99
- 1.99
- 3.99
- 5.99
- 7.99

CRNL
Calendar Fourteen
Year

45
4
2
0
0

Weeks

59
14
2
0
0

cv
Calendar
Year

17
4
1
0
0

Fourteen
Weeks

17
4
2
0
0

Calendar
Year

4
0
0
0
0

PP
Fourteen
Weeks

4
0
0
0
0

2.13 PUBLICATIONS

A.R. Jones - A Versatile BY Survey Meter with Numerical
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NS-24, 638, 1977.

A.R. Jones - Spent Fuel Monitor for Nuclear Safeguards,
IEEE Transactions on Nuclear Science, NS-24, 602,
1977.

D.K. Myers, J.D. Childs and A.R. Jones - Sensitization
of Bacteriophase T4 to s0Co y Radiation and Low
Energy X-Radiation by Bromouracil, Radiation
Research 69, 152, 1977. AECL-5641.
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ENVIRONMENTAL RESEARCH BRANCH

by

I.L. Ophel

3.1 Staff
3.2 Studies on Effects of Heated Water on Aquatic Organisms
3.3 Beneficial Uses of Waste Heat

3.3.1 Polyculture of Freshwater Organisms
3.4 Effects of Temperature on Algae
3.5 Biochemistry and Microbial Ecology

3.5.1 Biogeochemistry of the Waste Management Area
3.5.2 Control Mechanisms in the Cellular Metabolism

of Ustilago may die
3.6 Aquatic Radioecology and Freshwater Biology

3.6.1 Role of Organic Matter in Perch Lake
3.7 St. Lawrence River Studies
3.8 Perch Lake Project

3.8.1 Energy Budget and Lake Evaporation
3.8.2 Water Budget and Lake Chemistry

3.8.2.1 Perch Lake Model
3.8.2.2 Snow Course

3.8.3 Symposium/Workshop
3.9 Atmospheric Diffusion Study
3.10 Snowmelt and Evapotranspiration in a Forest Catchment
3.11 Waste Management Area

3.11.1 Soil and Ground Water Sampling
3.11.2 Arsenic in Environmental Samples

3.12 Neutron Activation Analysis
3.13 Contaminant Hydrogeochemistry
3.14 Infiltration Studies on the East Side of Perch Lake Basin
3.15 Isotopic Composition of Precipitation Across Canada
3.16 Environmental Impact Assessment
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3.17 Port Hope Soil Samples
3.18 Gamma Exposure Rates at the CRNL Boundary
3.19 Off-Site Monitoring
3.20 Liquid Effluent Monitoring
3.21 Liquid Disposal Area
3.22 Tritium Survey
3.23 Survey Summary
3.24 Publications
3.25 Verbal Presentations

3.25.1 Lectures or Seminars
3.25.2 Local Talks

3.26 Invited Speakers

For Figures 1, 2 and 3 see end of Section
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3.1 STAFF

Branch Head - I.L. Ophel

Environmental Chemistry and Meteorology

P.J. Barry Assistants: P.C. Jay
R.E. Légère
E. Robertson
D.P. Wildsmith

L.K. Hendrie1

Natural isotope studies

R.M. Brown Assistant: C D . Fraser

Biochemistry and Microbial Radioecoloqy

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

Radiochemistry and Terrestrial Radioecology

W.E. Grummitt Assistants: G. Lahaie
L.A. Mask
H.M. McLaughlin
W.J. Pierson

Contaminant Hydrogeochemistrv

R.E. Jackson3 Assistant: K.J. Inch2

1Attached staff from Department of Geography, Univer-
sity of Toronto, Toronto, Ontario, as of 4 October,
1976.

2Attached staff from Research Division, inland waters
Directorate, Environment Canada, Ottawa, Ontario.
Terminated 31 March, 1977.
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3.1 STAFF (cont'd)

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
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3.2 STUDIES ON EFFECTS OF HEATED WATER ON AQUATIC
ORGANISMS - J.W. McMahon and A.E. Docherty

Studies on the effect on plankton of different
intake and discharge depths of heated water from
cooling water systems have been completed. A report
dealing with changes in concentration and species
composition of the phytoplankton community is being
prepared.

Analyses of phytoplankton samples for adenosine
triphosphate (ATP), using the luciferin-luciferase
method, have been completed. This data is being com-
pared with simultaneous carbon-14 primary productivity
measurements.

Data on the primary consumers (zooplankton),
collected during these experiments, is currently be-
ing compiled and analyzed.

3.3 BENEFICIAL USES OF WASTE HEAT

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

Current effort is being directed toward the in-
tensive culture, in heated water, of algae, zooplank-
ton and fish, the latter probably under high density
conditions.

The mass culture of green algae, under optimum
temperature conditions, is being attempted in cir-
culating units designed to enhance the availability
of light for photosynthesis.

3.4 EFFECTS OF TEMPERATURE ON ALGAE - J.W. McMahon and
S-R. Gentner

Studies have been carried out on six species of
green algae to determine optimum temperature for cell
growth and productivity.
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3.4 EFFECTS OF TEMPERATURE ON ALGAE (cont'd)

Pure cultures of algae, temperature-acclimated
for one week at 25, 30 and 35°C (12 h liqht day at
65 lm/m3), were exposed to similar tempera-
tures for 4 h to measure primary productivity using
the carbon-14 technique.

Primary productivity values indicate that
Ankistvodesmus braunii, Chlovella vulgar'is, Saenedesmus
aeutifovmis and S. bijugatus grow best at 25°C.
Coelastrum miorosporum and Chlamydomonas angulosa
show greater productivity at 30°C.

ATP values have not been determined on these
cultures and are being compared against carbon-14
primary productivity determinations.

3.5 BIOCHEMISTRY AND MICROBIAL ECOLOGY - D.R. Champ and
J.L. Young

3.5.1 Biogeochemistry of the Waste Management Area

Ground water samples taken last fall from a
number of piezometers located in the aquifer below
the CRNL Waste Management Area have been analyzed
for their content of various inorganic and organic
components. This data has supported a number of the
predictions made in the model which we have formulated
for oxidation-reduction processes in ground water
flow systems (see Section 3.5.2, PR-B-112, AECL-5703).
We have observed a general decline in measured poten-
tial as we move down the flow system and a correspond-
ing increase in pH. Both dissolved O2 and NO7 decrease,
as does SOIT; a corresponding increase in dissolved
S = has not been observed. As predicted the concentra-
tion of inorganic carbon increases down the flow sys-
tem and dissolved organic carbon decreases. These
trends, as well as those of other inorganic species
such as Fe, Mn, Ca and Mg, will be investigated more
thoroughly during the 1977 field sampling season.
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3.5.2 Control Mechanisms in the Cellular Metabolism of
Ustilago mayd-vs

Two glycoproteins have been partially purified
from Ustilago maydis. Both possess the anomalous
ability to acid solubilize DNA molecules, which have
a molecular weight of 25.2 x 106 g/mol, without
hydrolyzing the molecules to small oligomers. Cell-
free extracts were prepared by crushing a cell sus-
pension at 2.07 x 105kPa. The debris was then collected
by centrifugation, resuspended in a buffer containing
2 mol/£ NaCi; and then autolyzed at 37° for one hour.
Following centrifugation the supernatant from this
procedure was fractionated with ammonium sulfate,
passed through an anion exchange column and then
fractionated into two activities on a Concanavalin A
Sepharose affinity column. These two fractions were
then concentrated and boiled as a final step in the
purification. An overall purification of 140- and
810-fold from the starting material has been attained.

3.6 AQUATIC RADIOECOLOGY AND FRESHWATER BIOLOGY - I.L.
Ophel and J.M. Judd

3.6.1 Role of Organic Matter in Perch Lake

Chemical analysis of an 80 cm sediment core from
Perch Lake bottom has continued. One centimetre
sequential sections of the entire core were air-dried
(40°C) and cation exchange capacities (CECs), using
cobalt-60 as a tracer, were determined. The CEC
gradually increased for the first 10 x 1 cm sections
of the core with values between 10 to 50 meq/100 g
dry weight sediment. The lowest values are associated
with the upper layers, but below 10 cm subsequent 1 cm
sections {from 10 to 80 cm) showed CEC values between
45 to 65 meq/100 g dry weight sediment. By comparison,
sand samples taken near Perch Lake gave a CEC value
of 2.5 meq/100 g dry weight.

Total inorganic matter (ignition loss at 500°C
for 24 h) was also determined for each centimetre
section of the core.
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3.7 ST. LAWRENCE RIVER STUDIES - I.L. Ophel

A continuing study of the effects of Gentilly
Nuclear Generating Station on the St. Lawrence River
is being made by a group from the Université du
Québec à Trois-Rivières under contract to AECL.
Data on aquatic plant distribution gathered during
the 1976 field season is being analyzed. A progress
report was received in February.

3.8 PERCH LAKE PROJECT

3.8.1 Energy Budget and Lake Evaporation - P.J. Barry and
E. Robertson

Analysis of lake temperature and energy budget
data collected during 1976 continues. Calculations
have been made of the vertical diffusivity of heat
through the lake waters. These estimates were made
over periods when the water temperature was increas-
ing.

Lake water temperatures were taken at monthly
intervals through the ice of Perch, Maskinonge and
Upper Bass Lakes. Sediment temperatures at the
centre of Perch Lake were taken by means of a per-
manently installed probe which holds eight thermis-
tors.

Calibration of instruments for the coming field
season has begun.

3.8.2 Water Budget and Lake Chemistry - P.J. Barry, P.C.
Jay and D.F. Wildsmith

Tritium analyses of daily water samples from
Perch Lake Outlet, Perch Creek weir and No. 1 and
No. 2 Inlets were continued. Chemical studies have
been curtailed because of other duties during the
period.
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3.8.2.1 Perch Lake_Model - P.C. Jay and P.J. Barry

During the period a scale model of the Disposal
Area north of Perch Lake was made showing the surface
topography, underground sampling points and piezo-
meter nests from Disposal Area A to Perch Lake Outlet.
A second model is now being made showing the strati-
graphy of the same area and the location of the radio-
nuclide plumes under Perch La'se swamp.

3.8.2.2 Snow_Course - P.C. Jay, D.P. Wildsmith and P.J.
Barry

A snow course was cut through the forest from
No. 3 Inlet south to the highest point of land
(No. 3 drainage area) and from Disposal Area B to the
Mattawa Road (No. 2 drainage area). Sampling points
were set up and the weight and depth of snow were
measured every two weeks during the winter and once
a week as spring approaches. These measurements will
be used to estimate the spring runoff from the various
drainage areas into Perch Lake.

3.8.3 Symposium/Workshop - P.J. Barry

A two-day meeting was nelû at CRNL in January
for scientists collaborating in research studies in
the Perch Lake basin. It was attended by 41 parti-
cipants from AECL, Environment Canada, Queen's Univer-
sity and the Universities of Toronto and Waterloo.
Short progress reports on current research were given
and future programs were discussed.

3.9 ATMOSPHERIC DIFFUSION STUDY - P.J. Barry and D.P.
Wildsmith

This study was terminated as of 1 January 1977.
The data gathered during the eight years will con-
tinue to be analyzed and interpreted.
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3.10 SNOWMELT AND ËVAPOTRANSPIRATION IN A FOREST CATCHMENT
.- L.K. Hendrie

The first part of this project continued to
progress through this quarter, being mainly in the
measurement and early analysis stage.

Sensing units were installed on the tower,
circuitry was completed, and data collection ini-
tiated. The data is being collected on a 64-channel
data acquisition system interfaced with a magnetic
tape recorder. Characteristics of the accumulation
and ablation of the snowpack have continued to be
monitored using Nipher snow gauges, snow boards and
snow courses. The melting process is being moni-
tored by use of a snowmelt plot in conjunction with
flow measurements through the weir controlling that
sub-basin. A series of aerial photo reconnaissance
trips is being undertaken over the Perch Lake basin
to determine the areas of preferential retention and
depletion of the snowpack, the melt processes in-
volved and <_o obtain a more accurate estimation of
the water content of the remaining snowpack.

3.11 WASTE MANAGEMENT AREA

3.11.1 Soil and Ground Water Sampling - W.P. Merritt and
B.A. Risto

Sampling of soil and ground water near the
reactor pit in the Liquid Disposal Area was begun.
The mound in the ground water under the area will
be delineated and the most likely point of break-
through will be determined and: given further study.

Some piezometer and sampling points are being
installed in the swamp to the west of Waste. Manage-
ment Area F, where the material from the Port Hope
cleanup is being emplaced. A report from the hydro-
geological consultants indicates that contaminants
from the material might travel rapidly in this
direction.
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3.11.2 Aresnic in Environmental Samples - I.L. Ophel and
J.M. Judd

The method initiated for arsenic determinations
in soil samples is proving troublesome. Reproduci-
bility of the flameless graphite furnace appears to
be the main source of variation. Changes in the
pyrolysis-atomization program will be tried to ob-
tain an acceptable coefficient of variation.

3.12 NEUTRON ACTIVATION ANALYSIS - W.F. Merritt

The analysis of six samples of peat from a
core taken from a bog in England has been completed
arid the results sent to the Department of Earth
Sciences, University of Waterloo.

A sample of material from the Port Hope cleanup
was analyzed for arsenic. The results will be com-
pared with those from atomic absorption analysis, to
monitor possible losses in the preparation of samples
for atomic absorption analysis.

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

A paper entitled "Phreatophytic Evapotranspira-
tion in the Perch Lake Area" by K.J. Inch was com-
pleted and given at the Perch Lake Study Symposium/
Workshop. A program of evapotranspiration studies
in conjunction with L.K. Hendrie and P.J. Barry was
initiated. Locations were selected for new water
table wells that will be supplied with recorders to
monitor ground water fluctuations.

Mineralogical examination of the sedimentary
soil northeast of Perch Lake is continuing with a
study of types and percentages of mineral found at
different depths below ground surface. An inter-
pretation of their origin, history and degree of
weathering is Joeing attempted. The magnetic separator
was put into service and will assist in mineral iden-
tification.
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3.13 CONTAMINANT HYDROGEOCHEMISTRY (cont'd)

Periodic sampling of ground water wells has
been continued throughout the winter with complete
chemical analyses done on each. A paper on metho-
dology was written in order to standardize chemical
analyses among the collaborating personnel.

A paper entitled "The Distribution Coefficient
as a Geochemical Measure of the Mobility of Contami-
nants in a Ground Water Flow System" by R.E. Jackson,
W.F. Merritt, D.R. Champ, J. Gulens and K.J. Inch was
put into final form. The paper reviews the concept
of the distribution coefficient, examines the geo-
chemical controls on the distribution coefficient in
a particular aquifer here at Chalk River and considers
the wider use of the parameter in ground water quality
management.

3.14 INFILTRATION STUDIES ON THE EAST SIDE OF PERCH LAKE
BASIN - R.M. Brown, C D . Fraser and H. Vandor*

Many of the infiltration samples collected for
this study last summer have now been analyzed for
deuterium and tritium. Oxygen-18 analyses are under
way at the University of Waterloo. Water from 15 and
33 cm depths in the unsaturated zone showed rapid
response to varying deuterium and tritium content of
input precipitation. In contrast, water from 133
and 166 cm depths showed a relatively regular rise
in deuterium content through the summer with the
suggestion of a seasonal cycle; peaking two to four
months after the mid-summer peak of deuterium in pre-
cipitation.

Precipitation of the one heavy storm of the
season had a much lower deuterium content than pre-
vious infiltration waters and hence was well-marked
isotopically. There was quick response in the upper
levels of the system to the influx of this isotopically

•University of Waterloo, Waterloo, Ontario
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3.14 INFILTRATION STUDIES ON THE EAST SIDE OF PERCH LAKE
BASIN (cont'd)

light water, but no response at the lower levels.
In spite of this lack of transmission of the isotopic
pulse, the water table rose. Response of the tensio-
meters and moisture profiles given by neutron probe
scanning confirmed that an impulse of water had gone
through the whole system. However, from the loss of
isotopic identity of the pulse, it is evident that
the water had not gone through as a slug but had mixed
with prior water in the system en route. Little, if
any, of the original input water had reached the water
table.

Most of the suction lysimeters have survived
the winter freeze-up and samples are being obtained
to study the infiltration of snowmelt.

3.15 ISOTOPIC COMPOSITION OF PRECIPITATION ACROSS CANADA
- R.M. Brown and C D . Fraser

Composite samples of precipitation from nine
sites across Canada have been analyzed for deuterium
at CRNL and oxygen-18 at University of Waterloo.
During the period August 1975 to July 1976, the mean
concentrations and deuterium vs. oxygen-18 correla-
tions were as shown in the following table.

Site

Victoria, B.C.

Wynyard, Sask.

LePas, Man.

Gimli, Man.

Atikokan, Ont.

Simcoe, Ont.

Chalk River, Ont.

Ste. Agathe, Que.

Truro, N.S.

D/H ppm.

145.5

134.1

136.0

138.0

141.4

147.6

145.1

144.7

149.0

Year's 1
°/ <SD
oo

- 76.8

-149.1

-136.8

-124.2

-102.6

- 63.4

- 79.3

- 81.6

- 54.4

4eans
<y 618o
oo
- 9.95

-19.52

-18.61

-16.43

-14.05

- 9.60

-11.95

- 8.54

ÔD = a
a

- 6.5

3.0

2.1

4.8

3.6

10.4

12.2

0.3

V b Ô18O
b

7.03

7.80

7.82

7.88

7.54

7.68

7.84

6.62
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3.15 ISOTOPIC COMPOSITION OF PRECIPITATION ACROSS CANADA
(COnt'd)

where- °/ 6 - Sample Isotope Ratio _ ,
wnere. /QQ o SMOW Isotope Ratio L 1000.

Victoria, B.C. data have a correlation coefficient
of 0.93, all others 0.99 or better. Dansgaard (Tellus
16: 436 (1964)) found northern hemisphere continental
sites to show a correlation: ÔD = 11 + 8.1 618O and
island sites: ÔD = 0.1 + 4.6 618O. The above data
show similar, but less marked, differences between the
continental and maritime sites.

Tritium data for these sites were given in the
previous progress report (PR-B-112, AECL-5703).

3.16 ENVIRONMENTAL IMPACT ASSESSMENT - I.L. Ophel

The Environmental Protection Working Party has
begun its assessment of the expertise and information
available in Canada relating to environmental impact
of nuclear power. A status report was made to the
R. and D.*Program Committee and, as a result of the
subsequent discussion, the Working Party will re-
examine its current objectives.

3.17 PORT HOPE SOIL SAMPLES - W.E. Grummitt and G. Lahaie

At the request of the Atomic Energy Control
Board, eight more samples of soil from the town of
Port Hope, Ontario were analyzed by gamma spectrometry
for uranium and uranium-daughter nuclides. These
samples will be used at the site of cleanup operations
for field calibration of gamma survey instruments.

•Research and Development
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3.18 GAMMA EXPOSURE RATES AT THE CRNL BOUNDARY - W.E.
Grummitt

TLDs placed at the perimeter of the CRNL exclu-
sion area are used to measure mean exposure rates
and the annual integrated exposures. Results for
1975 and 1976 give the sum of contributions from
CRNL and natural gamma radiation. Values are lower
during the winter months because of shielding of the
terrestrial component by the snow cover.

TLD Gamma Exposure Rates in Public Area*
(uR/h)

Location
(See Figure 3)

1
2
3
4
5
6
7
8
13

Harrington Bay**
Deep River

Fourth Quarter
1976

6.8
3.7
3.3
5.1
3.7
4.2
5.1
6.8
8.3
-
9.2

1975
Average

13.8
8.4
5.3
8.4
6.9
6.3
8.7

11.3
10.6
9.3
9.8

1976
Average

10.4
5.4
4.3
5.9
4.8
5.4
5.4
7.9
8.5
6.6
6.2

*Sum of natural background and airborne contamination
from CRNL. The contribution from cosmic radiation
has been deducted.

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

3.19 OFF-SITE MONITORING - W.E. Grummitt

Precipitation samples collected from Deep River
were analyzed radiochemically for 90Sr and spectro-
metrically for 137Cs and other gamma emitters. Monthly
composite samples of water from the Ottawa River, col-
lected at Rolphton, Deep River, Pembroke and CRNL, were
also analyzed for gamma emitting nuclides, tritium and
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3.19 OFF-SITE MONITORING (cont'd)

90Sr. The results are shown in Figure 1. The main
source of activity in these samples continues to be
weapons' fallout.

3.20 LIQUID EFFLUENT MONITORING - W.E. Grummitt

At CRNL, three liquid effluent streams discharge
radioactivity to the 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 is analyzed for individual nu-
clides. The mean daily releases from the Process Sewer
are given in the table for the fourth quarter of 1976.
Most of the radionuclides are measured by gamma ray
spectrometry.

Fourth Quarter 1976
Mean Daily Release from the Process Sewer

Radionuclides

90 S r

137Cs

"*Ce
106Ru

"«Ba
131J

239Np
95Zr
s*Mn

*sSc
S9Fe
65Zn
6 "Co

Daily I
mCi/d

2.9

12.4

64

2.7

87

74

99

63

15

15

10.5

19

10.3

Release
MBq/d

107

460

2400

100

3200

2700

3700

2400

550

550

390
700

380
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3.20 LIQUID EFFLUENT MONITORING (cont'd)

Perch Creek (see map, Figure 3), 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 calcu-
lated from the measured flow rates and radionuclide
concentrations in individual streams (see Figure 2).

At no time did the average concentrations of
radioactivity in the combined effluent flows exceed
1% of the ICRP 40-hour occupational MPC for drinking
water.

3.21 LIQUID DISPOSAL AREA - W.E. Grummitt

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 map, Figure 3).
Samples were combined and analyzed monthly for 90Sr,
35S and 3H as well as quarterly for gamma emitting
radionuclides. Strontium-90, *°Co and 3H are still
the main contaminants in the Perch Lake basin.

3.22 TRITIUM SURVEY - W.E. Grummitt and G. Lahaie

Average concentrations of tritium in streams
within the exclusion area are given in the table to-
gether with the amount released during the fourth
quarter of 1976.
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3.22 TRITIUM SURVEY (cont'd)

Fourth Quarter 1976
Tritium in Streams in the Exclusion Area

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek

Duke Stream*

Concentration
yCi/A

0

0

0

0

7.

.036

.020

.024

13

30

kBq/a

1.3

0.73

0.90

4.7

270

Quarterly
Ci

410

1.1

7.3

25

96

1

Release
GBq

.5 X 10"

41

270

930 !

3600 i

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

3.23 SURVEY SUMMARY - W.E. Grummitt .%

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

3.24 PUBLICATIONS

Merritt, W.F. - High-level waste glass: Field leach
test. Nuclear Technology 32: 88-91.

Eastwood, T.A., I.H. Crocker and W.F. Merritt - A
report on a meeting to consider searching for
natural nuclear reactors in Canada. AECL Un-
published Internal Report.
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3.25 VERBAL PRESENTATIONS

3.25.1 Lectures or Seminars

A. Perch Lake Study Symposium/Workshop, 12-13 January
1977, CRNL

Barry, P.J. - "Major element budgets of the Perch
Lake basin system — A pilot study"

Brown, R.M. - "Hydrogen isotope studies in the east
Perch Lake basin"

Hendrie, L.K. - "Snowmelt and evapotranspiration
studies in a forested basin"

Inch, K.H. - "Phreatophytic evapotranspiration in
the Perch Lake area"

Ophel, l.L. - "Sediment-radionuclide interactions
in Perch Lake"

Robertson, E. - "Energy budget studies: Vertical
mixing in lakes"

B. Science Teachers1 Seminar, 25-26 February 1977,
CRNL

Marko, A.M., D.K. Myers and P.J. Barry - "Everything
you always wanted to know about biology"

Merritt, W.F. and H.C. Birnboim - "Radioisotopes:
How they apply in the life sciences"

Ophel, I.L. - "Biological concentration through food
chains"

C. Other

Ophel, I.L. - "Research program of the Environmental
Research Branch and its relation to
the Canadian nuclear power program".
Presented to Treasury Board visitors,
5 January 1977, CRNL.
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3.25.2 Local Talks

McMahon, J.W. - "Research programs of the Environmental
Research Branch related to the nuclear
power program". Presented to University
of Toronto students, 15-16 February 1977,
CRNL.

Ophel, I.L. "Research program of the Environmental
Research Branch and its relation to the
Canadian nuclear power program". Pre-
sented to Biology Branch staff, 7 January
1977, CRNL.

3.26 INVITED SPEAKERS

Enright, Terry J., Chemical Engineering Branch, CRNL
- "HZS facilities and safety factors in-
volved at CRNL", 2 March 1977.
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POPULATION RESEARCH BRANCH

by

Howard B. Newcombe

4.1 Staff (January - March 1977)

4.2 Aims of the Branch

TUMOUR INDUCTION IN MAMMALS

4.3 Synergi stic effects in radiation carcinogenesis

METHODS FOR DERIVING HUMAN DATA ON
DISEASES LIKELY TO BE INCREASED BY
IRRADIATION — DEVELOPMENT OF THE

INFORMATION SOURCES

4.4 Linking ill-health records for children to birth
summary records

4.5 Linking ill-health records into individual health
histories

4.6 AECL-UBC collaborative record linkage project
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4.1 STAFF

Branch Head - H.B. Newcombe

Hereditary changes and tumour induction in vertebrates

Assistant J.F. McGregor

Methods for deriving human data on diseases likely
to be increased by irradiation

M.E. Smith

Secretarial - C.L. Nagy
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4.2 AIMS OF THE BRANCH

The Branch attempts to obtain biological data
with which to assess the consequences of exposing
large numbers ot people to low levels of radiation.
Information is derived from irradiated and unirradiated
populations of laboratory animals, and new computer
methods are being developed at CRNL for extracting data
for man from existing vital and health records.

TUMOUR INDUCTION IN MAMMALS

4.3 SYNERGISTIC EFFECTS IN RADIATION CARCINOGENESIS -
H.B. Newcombe and J.F. McGregor

A study is nearing completion, which was begun in
1973 to determine whether radiation in combination with
certain environmental carcinogens would yield a tumour
incidence greater than the sum of the incidences
expected from the two agents when applied separately.
In the final phase the treatments have consisted of
painting the skins on the backs of about 200 rats
(Charles River CD strain) with 40% cigarette tar in
acetone three times a week for one year. Following
this, observation for skin tumours will be continued
for an additional six months, at the end of which the
experiment will be terminated.

Detailed statistical analysis of the frequencies
of skin tumours induced by different doses of radiation
alone, in an earlier phase of this study, is almost
complete. Five beta-ray doses were used, ranging in
twofold steps, from 800-12,800 rads (8-128 Gy) , with 100
animals in each group including an unirradiated control. The
data have been analyzed by the methods used by Albert,
Newman, and Altshuler in a similar but smaller
experiment (Rad. Res. 15, 410, 1961) so that precise
comparisons could be made with these earlier results.

A wall display for the Public Information Centre,
at Chalk River, was prepared and submitted for approval.
It provides a brief historical list of physical,
chemical, and biological carcinogens, with pictures
showing the experimental procedures for the current
study. A pamphlet relevant to our work, entitled
Cancer - A Disease mainly caused by Environmental
Factors, was also prepared during the past quarter.
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METHODS FOR DERIVING HUMAN DATA ON
DISEASES LIKELY TO BE INCREASED BY
IRRADIATION — DEVELOPMENT OF THE
INFORMATION SOURCES

4.4 LINKING ILL-HEALTH RECORDS FOR CHILDREN TO BIRTH
SUMMARY RECORDS — H.B. Newcombe and M.E. Smith

A draft manuscript is in preparation which
describes the results from earlier tests designed to
compare the accuracy and efficiency of computer versus
routine manual linkage of vital and health records.
The failures of ill-health records to link to the
appropriate births are investigated separately for
incorrect and for missed links, by the computer and
by the manual searcher. The numbers and causes of the
errors made in the two systems are determined, and
the information is used for the purpose of refining the
computer methods.

Experience with the computer linkages is partic-
ularly encouraging. Overall, the proportions of ill-
health records appropriately linked, manually and by
computer, were 96.74% and 98.27% respectively.
Incorrect linkages were made manually in 2.26% of the
cases, and by the computer in only 0.08%. The ill-
health records linked to births at speeds of up to
20,100 linkages per minute. The basic cost of linking
two records, once the data have been machine processed,
should be less than 1% of the cost of keypunching the
cards in the first instance.

4.5 LINKING ILL-HEALTH HISTORIES INTO INDIVIDUAL
HEALTH HISTORIES — H.B. Newcombe and M.E. Smith

British Columbia hospital admission-separation,
health surveillance, and death records have been linked
earlier into individual health histories in order to
obtain data concerning the magnitude of the personal
and social burden of cancer, and of hereditary and
congenital disorders.

Ill-health histories for specific conditions -
namely, central nervous system defects, Down's syndrome,
haemophilia, and cleft palate and/or harelip - were
extracted from the complete linked file as part of a
collaborative study with the University of British
Columbia. Tabulations were prepared for each specific
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condition, of kinds needed to answer the following
questions: 1) What is the risk of death at various
ages? 2) What are the ages at onset of the disease?
3) What demands were made on the health services by
the individual? and 4) How many individual cases of the
specific condition were there, and how many missed
being registered by the Health Surveillance Registry?

A detailed analysis of the results and of the
individual health histories will be carried out by
Dr. B.K. Trimble at the University of British Columbia.

4.6 AECL-UBC COLLABORATIVE RECORD LINKAGE PROJECT

The Population Research Branch of CRNL and the
Department of Medical Genetics of the University of
British Columbia are currently collaborating on a
project that involves the linking of vital and ill-
health records into individual and family histories
for a variety of purpose.

Ill-health history files for central nervous
system defects, Down's syndrome, haemophilia, and cleft
palate and/or harelip were recently copied to nine-
channel tape. The magnetic tape, plus tabulations on
each specific condition, have been sent to British
Columbia for analysis.
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BIOLOGY BRANCH

by

D.K. Myers

5.1 Staff

5.2 Aims of the Branch

BIOCHEMISTRY AND MOLECULAR BIOLOGY

5.3 Organization of Polypyrimidines in Eukaryotic DNAs

5.4 Distribution of Sites of Repair in Human DNA Following
Ultraviolet Light Irradiation

5.5 Repair of Double-Strand Breaks in M. radiodurans DNA

5.6 Ionizing Radiation Damage to Micrococcus radiodurans
Cell Wall

5.7 A Method for the Detection and Measurement of ct-Keto-
Aldehydes and a-Diketones

5.8 Direct Measurement of Recombinational Repair Exchanges
in Micrococcus radiodurans

5.9 Radiation Protection of Micrococcus radiodurans by Pre-
Induction of Recombinational Repair

5.10 Endonuclease Activity from Micrococcus luteus Active on
DNA in y-lrradiated Human Cells

GENETICS AND POPULATION STUDIES

5.11 Sensitivity of UV Irradiation of Temperature-Sensitive
Mutants of Ustilago maydis Blocked in DNA Synthesis

5.12 DNA Condensation Studies

5.13 Control Mechanisms in the Cellular Metabolism of
Ustilago maydis

5•14 Radiation Sensitivity of Bacteriophage T4 - Mapping
the Site of the x Gene

5.15 Effect of Near UV (>300 nm) Irradiation on Bacteriophage
T4: Recognition of a Non-Dimer Photoproduct by T4 UV
Endonuclease
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5.16 Radiation-Induced Tumors in Rats

5.17 Assessment of Radiation Hazards to Human Populations

5.18 Publications

5.19 Verbal Presentations

5.19.1 Lectures or Seminars
5.19.2 Local Talks

5.20 Invited Speakers
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5.1 STAFF

Branch Head - D.K. Myers

Biochemistry of DNA and RNA
H.C. Birnboim

Radiation Biochemistry
D.K. Myers

Radiation Damage in Cell Walls
and Membranes

R.E.J. Mitchel

Enzymatic Repair of Radiation
Damage to DNA

N < E. Gentner

DNA Repair in Cultivated
Human Cells

M.C. Paterson

Assistants J.J. Jevcak
A.G. Knight

Assistant L.D. Johnson

Assistant K.M. Baird

Assistant M.M. Werner

Assistants B.P. Smith
P.A. Knight

Assistant C E . Grant

Assistant G.D. Chant

DNA Replication and Repair in Fungi
P. Unrau

Bacteriophage T4 Genetics
* J.D. ChiIds

Secretarial
C.I. Walters

Laboratory Attendants
M.A. Jones and B.A. Ruhnke

5.2 AIMS OF THE BRANCH

Research in the Biology Branch is directed towards
an understanding of the effects of ionizing radiation on
living organisms, with a particular interest in assess-
ment 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 radio-
mimetic chemicals in the environment appears to be DNA,
the carrier of hereditary information in all living
cells. The harmful consequences of this initial damage
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to DNA can be diminished 1000-fold or more by the combined
action of multiple enzymatic repair processes in the
living organism. An improved understanding of the DNA
repair mechanisms 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.

BIOCHEMISTRY AND MOLECULAR BIOLOGY

5.3 ORGANIZATION OF POLYPYRIMIDINES IN EUKARYOTIC DNAs -
H.C. Birnboim, J.J. Jevcak, and A.G. Knight

We have continued our study of polypyrimidine
segments in the mouse genome. Poly(A,G), a synthetic
ribopolymer, is able to form a complex with DNA
molecules which contain polypyrimidines; this has
allowed us to separate polypyrimidine-containing
molecules from those which do not, since the complex
can be bound to hydroxyapatite. Experimental variables
which affect complex formation have been further
investigated. An important variable which had not
previously been examined was the nature of the poly(A,G)
itself. Different samples of poly(A,G) from commercial
sources and others prepared in the laboratory, were
found to bind to DNA with differing efficiencies.
Their base composition and size seem to be important
factors. A better understanding of these factors should
allow us to estimate the spacing of polypyrimidine
segments in mouse DNA more accurately.

5.4 DISTRIBUTION OF SITES OF REPAIR IN HUMAN DNA FOLLOWING
ULTRAVIOLET LIGHT IRRADIATION - H.C. Birnboim,
M.C. Paterson, B.P. Smith, and J.J. Jevcak

Human cells in tissue culture accumulate photochemical
damage in their DNA as a result of exposure to ultra-
violet light. The best characterized and qualitatively
most significant photoproducts in DNA are pyrimidine
aimers (a covalently-linked coupling of adjacent
pyrimidine bases). Other kinds of damage to individual
bases are known to occur, but they are produced less
frequently. Regions of the DNA which contain many
adjacent pyrimidine bases (polypyrimidines) might be
expected to be especially vulnerable to pyrimidine
dimer production, since nearly every pyrimidine is
adjacent to another pyrimidine whereas in "average"
DNA, the probability of two adjacent pyrimidines is only
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50%. In addition, photochemical damage involving even
single pyrimidine bases would be expected to occur
with increased frequency in polypyrimidines, expressed
per unit length.

After exposure to ultraviolet light, cells can
repair their DNA by excising the damage and reinserting
new DNA ("repair DNA"). This "repair DNA" can be
labelled by introducing [3H]thymidine to the cell
culture following exposure to ultraviolet light. The repair
DNA can then be examined for its content of 13 H]thymidine
in polypyrimidines, as compared to unirradiated
DNA. An increased content of 3H-counts in polypyrimidines
in repair DNA would indicate that (1) more damage has
occurred initially and/or (2) repair has occurred more
extensively in polypyrimidine regions.

Experiments to test this hypothesis have been carried
out. Following treatment with ultraviolet light, cells
were exposed to [3H]thymidine from 0-5 h, 5-10 h, and
10-24 h. Repair DNA was prepared and polypyrimidine-
containing DNA fragments were isolated using the poly(A,G)-
complexing technique. Unirradiated DNA labelled with
[lwc]thymidine served as an internal control. The
results showed that, for each of the three time periods
examined, twice as much 3H (repair DNA) as ll*C (control
DNA) was recovered in the polypyrimidine-containing
DNA fragments. From these experiments we can conclude
that photochemical damage involving pyrimidine bases is
more likely to occur in polypyrimidine regions than in
"average" DNA regions. These sites are therefore at
greater risk. The biological significance of these
observations must await a better understanding of the
function of polypyrimidines in cells.

5.5 REPAIR OF DOUBLE-STRAND BREAKS IN M. RADIODURANS DNA -
D.K. Myers and L.D. Johnson

The interaction of chemical agents with ionizing
radiation is being studied at the molecular level.
Chloramphenicol, an antibiotic which prevents protein
synthesis, produces a marked inhibition of the repair
of radiation-induced double-strand breaks in the DMA
of M. radiodurans in growth medium. Caffeine, a
constituent of certain beverages, has little effect
on the repair process when the cells are irradiated in
enriched growth medium but does inhibit repair after
irradiation in inorganic phosphate buffer. Studies on
the effects of different environmental conditions on
repair of radiation-induced damage to DNA are being
continued.
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5.6 IONIZING RADIATION DAMAGE TO MICROCOCCUS RADIODURANS
CELL WALL - R.E.J. Mitchel, and K.M. Baird

M. radiodurans contains a cell wall exonuclease
releasable by sublethal doses of ionizing radiation.
This surface enzyme is present in unirradiated cells in
a form having a molecular weight, as determined by agarose
gel filtration, of about 260,000. This nuclease has
now been purified to apparent homogeneity. Sodium
dodecyl sulfate-polyacrylamide gel electrophoresis of
the purified, unirradiated enzyme showed it to be
composed of two subunits of i-'jout 130,000 molecular
weight each. Such electrophoresis of the purified
enzyme after 50 krad (500 Gy) of 60Co y-irradiation (under
N2) shewed essentially no change in that apparent
molecular weight. However, when that irradiated enzyme
was sized under non-denaturing conditions by agarose
gel filtration, it was shown to be composed of a mixture
of the original 260,000 plus the 130,000 molecular weight
forms. This apparent dinter to monomer conversion is
mediated by aqueous free radicals and occurs without
measurable loss of activity.

The physical and catalytic properties of the
purified enzyme are currently being closely examined in
an effort to identify the alteration which allows this
monomerization.

5.7 A METHOD FOR THE DETECTION AND MEASUREMENT OF ot-KETO-
ALDEHYDES AND a-DIKETONES - R.E.J. Mitchel, H.C. Birnboim,
and J.J. Jevcak

This investigation is complete and the results have
been submitted for publication.

5.8 DIRECT MEASUREMENT OF RECOMBINATIONAL REPAIR EXCHANGES
IN MICROCOCCUS RADIODURANS - N.E. Gentner and M.M. Werner

We are developing a physical method of identifying
regions of recombinational exchanges in M. radiodurans.
This approach is necessary since no genetic system is
available to follow recombination. The procedure involves
incorporation of the density label BUdR in one strand
of the duplex DNA molecule. Recombination would be
followed by the formation of wholly light or wholly heavy
(bifilarly substituted) DNA segments from intermediate
density (unifilarly substituted) molecules. Separation
is achieved by CsCl isopyenic sedimentation of DNA
sheared to short lengths so that recombinant regions
form a significant part of such pieces.
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Substantial incorporation of BU has been attained
using a thymine-requiring (thy") strain. Buoyant
density increase was proportional to the BUdR/TdR ratio
in the exogenously supplied material. Density differences
of ̂ 0.02 g.cm"3 have been obtained, and are adequate
for recombination experiments ^our technique allows
identification of a 0.003 g.cm"3 difference). Although
BU-substitution did decrease radiation resistance, the
BU-substituted cells were still caffeine-sensitive after
y-irradiation, which indicated that recombination was
still contributing to survival.

The thy" strain is available only in a wild-type
background. We are trying to get BU-substitution in a
prototrophic background by inhibiting endogenous
synthesis (using FUdR inhibition of thymidylate synthetase);
this would enable us to study recombination in the
radiation-sensitive mutants rec30 (recombination
deficient) and UV-17 (which must perform most of its
repair by recombination) as well. Actual BU-substitution
is assayed by chromatographic analyses of BU and T
bases on Aminex columns, after acid hydrolysis of
purified DNA samples.

Reproducible formation of short duplex pieces is
necessary to see short recombinant DNA regions. A
sonication regime has yielded material about 2 x 103

base pairs long; our goal is pieces of _<103 base pairs.

5.9 RADIATION PROTECTION OF MICROCOCCUS RADIODURANS BY
PRE-INDUCTICi; OF RECOMBINATIONAL REPAIR - N.E. Gentner

The recombinational repair process so important for
Y-repair in M. radiodurans had previously been shown by
us to require post-irradiation protein synthesis. By
subjecting cells to a non-lethal preliminary Y-exposure,
followed by sufficient incubation to allow induction
of the required recombinational repair component(s),
a striking protective effect on survival after subsequent
Y-exposure resulted. An enhanced cellular recovery
capability and improved repair capability at the DNA
level accompanied this protection.

Compared to normal logarithmic phase cells, these
pre-induced cells showed the following survival,
recovery, and repair proficiencies: (a) Increased
survival at high Y-exposures. At 1% h after 500 krad (5000 Gy)
pre-exposure, the limiting slope of the Y~survival
curve had decreased about 2-fold; on subsequent
growth, this protective effect was diluted out.



- 64 -

(b) Recovery from lethal enhancement by the recombinational
repair inhibitors caffeine and acriflavine occurred in
the presence of the protein synthesis inhibitor
chloramphenicol. This showed that it was recombinational
repair machinery that was induced by the pre-treatment.
(c) At the molecular level, the recombinational
repair of Y-induced DNA single-strand breaks now occurred
in the presence of chloramphenicol. (d) Previously
we had observed apparent failure of recombinational
repair at very high Y-exposure 2000 krad (2 x 101* Gy) , and
suggested that this might be due to potentially lethal
double-strand damage in the very gene(s) whose integrity
was required for induction of recombinational repair
machinery. In pre-induced cells, such failure was
partially overcome; this improvement supports out
hypothesis.

5.10 ENDONUCLEASE ACTIVITY FROM MICROCOCCUS LUTEUS ACTIVE
ON DNA IN Y-IRRADIATED HUMAN CELLS - M.C. Paterson,
B.P. Smith, and P.A. Knight

An endonuclease active on ultraviolet (UV)-irradiated
DNA—the so-called UV endonuclease—has been extensively
purified from the bacterium Micrococcus luteus by
several independent groups of investigators using
different purification regimens. One regimen involves
the following four sequential steps: phase partition,
TEAE-cellulose chromatography, phosphocellulose
chromatography, and isoelectric focusing. We have
found that a partially purified preparation recovered
from phosphocellulose chromatography (^170-fold purified;
kindly provided by R.A. Oosterbaan, Rijswijk, Holland)
is also active on DNA from human cells y-irradiated
under either oxic (in air) or anoxic (in N2) conditions.
In fact, the preparation displays the same activity to
Y-irradiated DNA as does a crude cell-free extract
(i.e., i»l.l lesions are recognized per 107 daltons per
50 krad [0.5 kGy] irrespective of the gas phase during
irradiation). Preliminary evidence indicates that the
majority of the Y-radioproducts (presumably modified
base residues) is recognized by unidentified repair
endonucleases in the preparation; however, it remains
possible that a minor fraction of the radioproducts is
a substrate for the UV endonuclease. This possibility
is presently under investigation.

GENETICS AND POPULATION STUDIES

5.11 SENSITIVITY TO UV IRRADIATION OP TEMPERATURE-SENSITIVE
MUTANTS OF USTILAGO MAYDIS BLOCKED IN DNA SYNTHESIS -
P. Unrau and C.E. Grant

Genetic studies to determine the number and types of
genes mutated in the ts-20 strain have been started. We
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wish to know if only one locus is mutated or if two or
more genes have been altered. A collection of random
products of meiosis of ts-20, scorecl on the basis of
temperature-sensitivity, are being examined to see if
they all become equally UV- and Y-sensitive. Experiments
to test for a protein-synthesis requirement after UV
and before recombination repair occurs are also being
initiated. Holliday has shown a requirement for protein
synthesis in the production of recombinants and survival
after UV irradiation; this information will be useful in
assessing ts-20 strains.

5.12 DNA CONDENSATION STUDIES - P. Unrau and C E . Grant

Nothing to report.

5.13 CONTROL MECHANISMS IN THE CELLULAR METABOLISM OF
USTILAGO MAYDIS - P. Unrau and D.R. Champ

The binding proteins mentioned in the previous
report attach to DNA and render it soluble in 5% tri-
chloroacetic acid. However the complexes are insoluble
in 95% ethanol, and the DNA when complexed is not
degraded. Sucrose gradients of complexed T7 DNA molecules
show an increased sedimentation coefficient in neutral
sucrose gradients, while there is no evidence of DNA
breakdown in alkaline gradients. The proteins therefore,
do not attack DNA nucleolytically. It is unclear if the
increased sedimentation velocity represents only additional
molecular weight owing to protein binding, or if it may
represent DNA-DNA aggregates mediated by the attached
proteins.

5.14 RADIATION SENSITIVITY OF BACTERIOPHAGE T4 - MAPPING THE
SITE OF THE X GENE - J.D. Childs and G.D. Chant

We have previously shown that the x gene of
bacteriophage T4, which is involved in the repair of UV
and y-ray damage to DNA, is located between genes 41
and 42. We have now completed the mapping of this gene
with respect to the gene ggt, (0-glucosyl transferase)
which is also located between genes 41 and 42. An x
mutant was crossed to double mutants carrying a mutation
in gene 41 or 42 and a ggt mutation. From an analysis of
the progeny of these crosses it was shown that the x
gene is located between genes 41 and ggt.

5.15 EFFECT OF NEAR UV (>300 nm) RADIATION ON BACTERIOPHAGE
T4: RECOGNITION OF A NON-DIMER PHOTOPRODUCT BY T4 UV
ENDONUCLEASE - J.D. Childs, M.C. Paterson, and B.P. Smith

Most studies on the biological effects of UV have
involved the use of far UV (chiefly 254 nm), but UV from
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300-320 run is much more relevant to environmental
carcinogenesis. The most important 254 nm-induced
photoproducts, both in yield and harmful effects, are
cyclobutane pyrimidine dimers. However their relative
importance following 320 nm irradiation is less certain.
For example, the relative UV sensitivity of bacteriophage
T4v (a mutant of T4 unable to induce endonuclease V which
is required for initial dimer incision) compared to T4u+

increases from 2-fold for 254 nm irradiation to 4-fold
for irradiation above 300 nm. This implies that endo-
nuclease V also recognizes a non-dimer photoproduct
only detectable after near UV irradiation.

We have examined the ability of extracts of T4-
infected Escherichia coli cells, lacking the host UV
endonuclease, to introduce single-strand breaks into
DNA isolated from 254 nm- and 320 nm-irradiated T4 and
have determined the proportion of these which are adjacent
to pyrimidine dimers. The extracted DNA was either photo-
reactivated to selectively remove dimers or left untreated
and then exposed to extracts of T4u- and T4v+-infected
cells. The vr extract, but not the v~, introduced
breaks into irradiated DNA, presumably at sites contain-
ing UV photoproducts. Photoreactivation decreased the
number of these UV endonuclease-sensitive sites in the
254 nm-irradiated DNA by about 90%, but it decreased the
number in the 320 nm-irradiated DMA by about 50%. This
indicates that most of the sites in 254 nm-irradiated
DNA contain dimers but only about 50% of the sites in
320 nm-irradiated DNA contain dimers. Aside from strongly
suggesting that endonuclease V recognizes a class of
UV photoproducts other than pyrimidine dimers, our
findings emphasize the difficulties of extrapolating
from 254 nm studies to the biological hazards of solar UV.

5.16 RADIATION-INDUCED TUMORS IN RATS - D.K. Myers, and

L.D. Johnson

The influence of chemical agents on the numbers of
breast cancers and skin cancers induced by ionizing
radiation is being studied in rats. The three chemicals
currently being tested together with y- or fi-radiation
are caffeine, urethane and 2-anthramine. No final
results are expected from these experiments before the
end of 1977.

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

Work is being continued on the preparation of two
AECL documents which review our basic knowledge of
repair processes and assessments of radiation hazards to
human populations.
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5.18 PUBLICATIONS

Myers, D.K., J.D. Childs, and A.R. Jones - Sensitization
of bacteriophage T4 to 6 °CO-Y radiation and to low-
energy X radiation by bromouracil. Radiât. Res.
69, 152-165 (1977) AECL-5641.

Unrau, P. - Differential chromosomal and mitochondrial
DNA synthesis in temperature-sensitive mutants of
Ustilago maydis. Molec. gen. Genet. 150, 13-19 (1977)
AECL-5599.

5.19 VERBAL PRESENTATIONS

5.19.1 Lectures or Seminars

Birnboim, H.C. - Arrangement of polypyrimidine segments
in the mouse genome. Presented to the Department of
Medical Genetics, University of Manitoba, Winnipeg,
Manitoba, 23 December, 1976.

Paterson, M.C. - Ataxia telangiectasia: An inherited
human disease involving radiosensitivity, malignancy,
and defective DNA repair. Presented to the
Department of Biology, University of Ottawa, Ottawa,
Ontario, 16 February, 1977.

Paterson, M.C. - Radiosensitivity, cancer, and defective
DNA repair. Presented to graduate students in the
Department of Biology, University of Ottawa,
Ottawa, Ontario, 16 February, 1977.

Paterson, M.C. - Environmentally induced DNA damage,
its faulty repair, and malignant genetic diseases.
Presented to the Department of Physics, M.D. Anderson
Hospital and Tumor Institute, Texas Medical Centre,
Houston, Texas, 18 March, 1977.

5.19.2 Local Talks

Birnboim, H.C. - Radioisotopes: How they apply in the
life sciences. Presented at the Science Teachers'
Seminar, CRNL, 25 February, 1977.

Childs, J.D. - Genetics of DNA repair. Presented to
students from the Department of Zoology, University
of Toronto, CRNL, 15 February, 1977.

Gentner, N.E. - Biochemistry of DNA repair. Presented to
students from the Department of Zoology, University
of Toronto, CRNL, 16 February, 1977.
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Gentner, N.E. - How DNA repair processes are studied.
Presented to students from Algonquin College, CRNL,
24 February, 1977.

Myers, D.K. - DNA repair and assessment of radiation
hazards. Presented to students from Department of
Zoology, University of Toronto, CRNL, 16 February, 1977.

Myers, D.K. - DNA repair and radiation biology at CRNL.
Presented to students from Algonquin College, CRNL,
24 February, 1977.

Marko, A.M., D.K. Myers, and P.J. Barry - Everything you
always wanted to know about biology. Presented at
the Science Teachers' Seminar, CRNL, 25 February, 1977.

Myers, D.K. - Radiation biology at CRNL. Presented to
students from University of Ottawa, CRNL, March 1^, 1977.

Myers, D.K., H.C. Birnboim, and P. Unrau - Genetic
engineering and recombinant DNA: The controversy
and state of the art. Biology and Health Physics
Seminar, CRNL, 18 March, 1977.

Paterson, M.C. - Radiosensitivity, cancer, and defective
DNA repair. Presented to students from the Department
of Zoology, University of Toronto, CRNL, 15 February, 1977.

Paterson, M.C. - Environmentally induced DNA damagef
its faulty repair, and malignant genetic diseases.
Biology Branch Seminar, CRNL, 22 March, 1977.

5.20 INVITED SPEAKERS

Dr. A. Chan, University of Western Ontario, London,
Ontario - "Excision repair of DNA in mammalian cells",
18 February, 1977.

Dr. R. Perry, Institute for Cancer Research, Philadelphia,
Pa., U.S.A. - "Studies of messenger RNA in animal
cells", 24 February, 1977.
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