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BIOLOGY AND HEALTH PHYSICS DIVISION SUMMARY

A.M. MARKO

Health Physics

Experiments are being developed to obtain verific-
ation of computed leakage spectra from neutron sources
contained in various absorbers. To this end, hydrogen-filled
proportional counters, having different sizes and filling
pressures, have been calibrated with monoenergetic and distrib-
uted energy neutron sources. The counters, surrounded by
resonance absorbers, silica for the silicon resonance and
teflon for the fluorine resonance were placed inside a graphite
pile containing a Pu-Be source. Energy calibrations indicated
by resonance absorption were then verified by exposing the
source counters to monoenergetic neutrons provided by a
Van de Graaff generator.

New personal dosimeter badges have now been provided
for 2000 users at CRNL* and remaining users will be equipped
within a few weeks. The previously noted reduction in spurious
readings with a few hundred users has been sustained. In
particular, anomalously high readings of skin dose have essent-
ially disappeared due to the exclusion of thermolurninescent
dirt and dust from the new badge. Arrangements have now been
made to carry out environmental monitoring with plague mounted
TLD's rather than manually controlled single chips. Dosimeter
plaques are annealed while being exposed to UV to enhance their
sensitivity. Such dosimeters have an annual fading rate of
only 6% which is entirely satisfactory for environmental
monitoring purposes.

A monitor to detect the presence or absence of spent
reactor fuel has been developed to suit the safeguards require-
ments of the Douglas Point Generating Station. In this
instrument a linear array of eleven semiconductor diode
detectors measures the radiation from a layer of eleven fuel
bundles in a storage tray. An absent or a dummy bundle is
indicated by a detector reading which is more than three times
less than that from detectors facing adjacent irradiated
bundles.

A tritium monitoring system for a 3He controlled
loop in NRX is being commissioned. It comprises three monitors
which measure the tritium concentrations in the air exhaust,
in the vicinity of the loop control station and in the loop
atmosphere itself. Techniques and components developed for
tritium monitoring at power reactors have been adapted and

*Chalk River Nuclear Laboratories
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extended for this system.

Work is continuing on the development of an automatic
track scanner to score charged particle damage tracks in alpha
irradiated cellulose nitrate films. An acceptable image of
an irradiated and etched foil has been produced.

Environmental Research

As part of the research program on the effects and
utilization of waste heat, studies are in progress on the
optimal temperatures for maximum growth of selected species
of green algae. The experiments are designed to assess the
effect of different temperatures, under saturated lighting
conditions, on growth and reproduction.

An 80 cm core from the bottom sediment of Perch Lake
is being used to investigate the inter-relationships of
organic matter in the lake and its sediments v;ith °Co, 90Rr,
certain stable elements and other chemical properties. The
core was sectioned into 80 x 1 cm layers for analysis.
Ignition loss, total organic carbon, cation exchange capacity
and fixation capacity in addition to stable cobalt, strontium
and calcium are being determined for each core segment.

Energy budget and evaporation studies in progress at
Perch Lake have been extended to include Maskinonge and
Upper Bass Lakes. The object of the enlarged study is to
relate turbulent diffusivity in the lakes to wind speed,
lake size and water quality. Such information is needed in
connection with studies on the fate of wasts heat discharged
into water bodies and in the distribution of radioactive and
other chemical substances in lakes.

In collaboration with G. Szeicz and L.K. Hendrie,
Dept. of Geography,University of Toronto, H new project has
been initiated to investigate the water balance of a
forested catchment area using tracer techniques. Although prime
emphasis is being placed on the radiative exchanges involved
in the snowmelt process and on evapotranspiration during the
warmer months, other relevant factors will also be considered.
The experimental site is in aspen-birch-maple forest near the
southeast side of Perch Lake.

A detailed study of various methods for determining
ground water velocity and dispersivity was carried out at
CRNL in cooperation with u.F. Pickens, Dept. of Earth Sciences,
University of Waterloo. These are the principal factors which
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control the transport of contaminants in ground water. A
comparative study of hydraulic conductivity was performed
using pumping tests, single-well response tests, point
dilution tests and a radioactive tracer (51Cr-EDTA) test,
in conjunction with numerical simulation modelling. A new
multiple ground water sampler was developed for the work and
proved to be very successful.

Background gamma radiation measurements were carried
out in the restricted area of CRNL and on Highway 17 up to
30 km from the village of Chalk River, using a sensitive
vehicle-mounted instrument. Surveys of the plant road and
the Port Hope Waste Area bypass road during the fall of 1976,
when contaminated soil was being transported by truck, showed
no changes in exposure rates over the period of measurement.

D.R. Champ is collaborating with P. Unrau gy
Branch) in a study of a novel class of proteins, produced by
the smut fungus (Ustilago), which may possess a control
function in DNA repair and in other cellular processes. The
occurrence of this class of proteins in other organisms is
also being investigated.

Population Research

In the case of radiation-induced cancers it is
possible to obtain data on the magnitude of the social burden
in terms of loss of life expectancy and utilization of
hospital facilities; similar data would be desirable as
relating to genetic disease of kinds lil:ely to be caused by
radiation exposure. More specifically, what are required are
the rates of hospital admission, the durations of the stays
in hospital, and the rates of death, at various times in the
lives of the affected individuals. Such information is
contained in the British Columbia vital and health records
being used for population studies at CRNL, but these records
must first be linked into appropriate individual health
histories before the information can be extracted. During the
past year, the required linked files have been built up, based
on records of births, handicapping conditions, hospitalizations,
and deaths, among children born from 1946 onward. These linked
files will be used to provide the necessary age specific and
cumulative rates of onset of disease, rates of hospital
admission and utilization, and rates of death.

Biology

Studies on the molecular basis of radiation damage
to the DNA, the enzymatic repair of this damage, and the
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consequences of repair for radiation effects on the living
cell have continued.

The yield of double-strand breaks in the DNA of
various strains of Micrococcus radiodurans has been measured
under a variety of conditions and shown to be independent
of the radiosensitivity of these strains. The effects of
oxygen on the yield of double-strand breaks were shown to
depend upon irradiation conditions and were attributed to rapid
radiochemical reactions that occur during the irradiation. The
yield of single-strand breaks has also been measured under a
variety of conditions; in order to obtain accurate values,
it is essential to minimize repair. Under these conditions,
the maximum number of single-strand breaks induced by
y-radiation is 25-30 times the number of double-strand breaks.

The significance of recombinational and excision
repair pathways for the survival of irradiated cells has
been studied in three microorganisms. In all three cases,
the recombinational pathway appears to play a major role in
determining their sensitivity to y-radiation. In two of these
microorganisms, M. radiodurans and Schi zosaccharomyces pombe,
the effects of holding the irradiated cells for a period of
time in non-nutritive medium were also explored. Under these
circumstances, irradiated cells that were still viable at first
die gradually, owing to an inability to complete recombinational
repair; this type of cell death does not occur if the recomb-
inational pathway is absent.

Studies on cultured human cells have confirmed the
fact that the repair defect in ataxia telangiectasia is
recessive, i.e., both copies of this particular gene must be
defective in order for this repair defect to be expressed. In
Ustilago maydis, on the other hand, a new type of genetic
defect in DNA repair has been investigated and it has been
shown that the cells become radiosensitive when they contain
one defective copy and one normal copy of this gene. This
suggests that the defective gene product is incapable of
repairing DNA damage itself and further that it interferes
with the normal gene product in the execution of its repair
function. The defective gene product has not been identified
but it appears to play a key role in DNA replication, recomb-
ination and repair.

A long-term experiment has been initiated to study
the effect of repair inhibitors on the induction of tumors in
irradiated rats. Chemical studies on the constituents
released from the cell wall of M. radiodurans during irrad-
iation are in progress. Methods are being developed to further
study the distribution of polypryrimidine tracts in DNA.
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Experiments to define a new type of mutation in bacteriophage
are nearing completion. These mutants may be useful for
studies on the mechanism of translation of the genetic code
by the bacterial ribosome.
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1.1 VERBAL PRESENTATIONS

1.1.1 Lectures or Seminars

Marko, A.M. - "Population and Occupational Exposures
and Limits", presented at Meeting of Ontario Royal
Commission on Electric Power Planning (Porter
Commission), CRNL, 26 March 1976.

Marko, A.M. - "Defective DNA Repair in Cultured Human
(ataxia telangiectasia) Fibroblasts", Paper by
M.C. Paterson presented at the Nineteenth Annual
Meeting of the Canadian Federation of Biological
Societies, Dalhousie University, Halifax,
15-18 June 1976.

Marko, A.M. - "Radiation and Health Physics", Lecture
to Environmental Students, York and Waterloo
Universities, Sheridan Park, 25 November 1976.

1.1.2 Local Talks

Marko, A.M. - "Radiation Effects on Man", Fellowes
High School, Environmental Geography Class, Gr. 13,
Pembroke, 15 January 1976.

Marko, A.M. - "Activities of the Biology and Health
Physics Division", Presentation to Mr. Ross Campbell,
Chairman of the Board, AECL, CRNL, 14 April 197 6.

Marko, A.M. - "Programs on Levels and Effects of
Radiation" Presentation to AECL Board of Directors,
11 May 1976.

Marko, A.M. - "Effects of Radiation on Humans", Summer
Student Lecture, 11 June 1976.

Marko, A.M. - "Objectives of the Biology Branch",
Presentation to A Mooradian, CRNL, 10 August 1976.

Marko, A.M. - Biology and Health Physics Colloquium,
"Radiation Biology for the Non-Biologist", CRNL
Main Library, 20 August 1976.
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HEALTH PHYSICS BRANCH

by
G. Cowper

2.1 Staff
2.2 Fast Neutron Dosimetry

2.2.1 Leakage Spectra from 2 3 8U Spheres Containing
Sources of 14-MeV or Fission Neutrons

2.2.2 Neutron Spectrometry Using Hydrogenous
Scintillators

2.2.3 Legendre Expansion Coefficients from Tabulated
Angular Distributions in the ENDF/B Library

2.2.4 Compendium of Neutron Spectra for Criticality
Accident Dosimetry

2.2.5 Results for the Second Personnel Dosimetry
Intercomparison Study

2.2.6 Analytical Expressions for the Excitation
Functions of Threshold Reactions

2.2.7 Spectra of Neutrons Transmitted and Multiply-
scattered by Concrete Walls

2.2.3 Calculated Spectra and Attenuation of 14.7 MeV
Neutrons Transmitted by Concrete

2.2.9 Measured Attenuation of 14.7 MeV Neutrons by
Ordinary Concrete

2.2.10 Effects of Sub-Threshold Fission on Neutron
Dose Measurements with 237Np Detectors

2.2.11 Spectra and Dosimetry of Therapeutic Beams of
Fast Neutrons in a Water Phantom

2.2.12 Neutron Spectral Measurements Using Propor-
tional Counters

2.3 Thermoluminescence Dosimetry
2.4 Safeguards Monitoring
2.5 Radiation Detectors
2.6 Radiation Monitoring Instruments

2.6.1 Wide Range 3Y Survey Meter AEP-5288
2.6.2 Portable Contamination Monitor AEP-5297
2.6.3 Alpha-in-Air Monitor AEP-10110
2.6.4 Low Level y Dose Rate Meter AEP-5301

2.7 Hazards from Tritium Produced in a 3He Neutron
Flux Control Rig

2.8 Monitoring Noble Gas Fission Products in Air Effluents
2.9 Tritium Monitoring

2.9.1 Tritium-in-Air Monitoring
2.9.2 Tritium-in-Water Monitoring

2.10 Energy Loss in Thin Films
2.11 Iodine Monitoring

2.11.1 Detection of 131I in Air
2.11.2 Detection of 125I

2.12 Atmospheric Diffusion Data Analysis
2.13 Microscopic Flying Spot Scanner
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2.14 Routine Dose Monitoring
2.14.1 Body Radiation Doses
2.14.2 Hand Radiation Doses

2.15 Publications
2.16 Verbal Presentations

2.16.1 Local Talks
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2.2 FAST NEUTRON DOSIMETRY

2.2.1 Leakage Spectra from 2 3 8U Spheres Containing Sources
of 14-MeV or Fission Neutrons - H. Ing and W.G. Cross

Leakage spectra from 2 3 8U spheres (5 to 50 cm
radius) containing sources of 14-MeV or fission
neutrons at the centre have been computed using the
05R Monte Carlo code. These calculations were per-
formed to assess the usefulness of U-shielded sources
for radiobiological irradiations and calibrating
neutron dosimeters as well as for checking a simple
model proposed earlier(-' for predicting shapes of
leakage spectra from enriched critical assemblies.

Our calculations show that for the 14-MeV
source, fission and inelastic neutron scattering
removes neutrons from the 14-MeV peak to form a
broad distribution (centered below 1 MeV) which
degrades in average energy with increasing sphere
size. For the 10-cm radius spheres, more than 90%
of the neutrons are in the energy region below 5 MeV.
This fraction, of course, increases with increasing
sphere size. The total leakage fluence exceeds
that from the original source for spheres up to
about 30-cm radius, with maximum fluence for 12-cm
spheres. For a T-D neutron generator with 10 X 1 n/s
output, the total neutron output from a 10-cm radius
sphere is about 2.8 x 1011 n/s giving a dose rate
of 200 rad/h (2 Gy/h) at a distance of 30 cm. Thus,
in spite of the flux multiplication, the dose rate
from the assembly is still slightly lower than that
from the unshielded source. The flux multiplication
has been checked experimentally by surrounding a T-D
source with fuel pellets of depleted U and measuring
the neutron output with a long counter.

In the case of a fission neutron source,
competition between inelastic scattering and fission
in the 2 3 8U sphere causes the leakage spectrum to
broaden and to degrade in average energy with increas-
ing sphere size. For radii of 10 and 30 cm, the
average energies are 0.9 and 0.3 MeV respectively.

(1) W.G. Cross and H. Ing, 1973, in "Neutron
Monitoring for Radiation Protection Purposes",
Vol. 1 (IAEA, Vienna) p. 73
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There is negligible fluence below about 1 keV
even for radii as large as 50 cm. These spectra
are in qualitative agreement with those predicted
by the simple model in which the spectral shape was
determined by competition between fission and
evaporation processes.

From the computed spectra, we also investigated
the response of several activation and damage track
neutron dosimeters in order to determine which is
most suitable for measuring doses for irradiations
using U-moderated assemblies. All dosimeters showed
large variations with spectral changes. Of those
studied, the 237Np damage track detector was least
sensitive to spectral changes produced by 2 3 8U.
Such a detector calibrated with 14-MeV neutrons gives
kerma readings accurate to better than ± 15% for 14-
MeV neutrons moderated by up to 20 cm of 2 3 8U.

2.2.2 Neutron Spectrometry Using Hydrogenous Scintillators -
H. Ing and W.G. Cross

Preliminary measurements of T-D neutrons with a
5 cm x 5 cm NE-212 scintillator gave poor resolution
(̂  10%) in the unfolded peak and large oscillations
in the low energy region (< 3 MeV) of the neutron
spectrum when the pulse-height distribution was un-
folded with the FERDOR code using the response matrix
supplied with the code.

The poor resolution is attributed to the poor
agreement between our actual detector response and
that in the response matrix as well as imperfect
optical coupling between the scintillator and the
photomultiplier. Our detector response is better
approximated by the response matrix of Verbinski
et al(D and therefore the latter has been punched
on cards and interpolated to provide one which is
compatible with the "energy grouping" used in our
code. To improve the intrinsic resolution, light
pipes of various shapes have been constructed and
will be tested to achieve optimum performance.

The oscillations in the low energy region are
attributed to perturbations of the pulse-height
distributions by gamma radiation. A standard n/y
discrimination system using leading edge and zero

(1) Verbinski, V.V., Burrus, W.R., Love, T.A.,
Zobel, W. and Hill, N.W., Nucl. Instr. Meth.
68 (1968) p. 8
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cross-over timing has been assembled from Ortec
modules. Preliminary studies with radiation from
a Pu-Be source indicate that this discriminator
will eliminate gamma interference for neutron
measurements above about 1 MeV.

2.2.3 Legendre Expansion Coefficients from Tabulated
Angular Distributions in the ENDF/B Library ~=~H. Ing,
W.G. Cross and B.C. Greiner

Treatment of angular distributions of scattered
neutrons in the 05R neutron transport code requires
data in the form of Legendre expansion coefficients.
Often, in the ENDF t lVB library, the angular distri-
butions are tabulated as a function of the scatter-
ing angle.

A program LEPFAD has been written to convert
the tabulated ENDF/D distributions to the Legendre
expansion representation and write the coefficients
on a magnetic tape in BNDF/B format. The coeffi-
cients are obtained by a least-squares fit to ths
tabulated distribution. The order of the Legendre
polynomial expansion can be specified by the user
or LEPFAD will choose the lowest order that will
produce a fit satisfying a specified percentage error
at all tabulated points.

2.2.4 Compendium of Neutron Spectra for Crit.icality
Accident Dosimetry - H. Ing (In collaboration with
S. Makra, Hungarian Academy of Sciences, Central
Research Institute for Physics, Budapest, Hungary)

The preparation of the Compendium of Neutron
Spectra for Criticality Accident Dosimetry, recomm-
ended by the IAEA, has been completed. The
Compendium contains neutron spectra relevant to
criticality accidents and is for assisting the
determination of neutron doses from readings of
neutron dosimeters such as activation or damage
track detectors. Most of the spectra have been
drawn from calculations done at Chalk River Nuclear
Laboratories or the Hungarian Academy of Sciences.

The 292 spectra include spectra from:

(a) selected critical assemblies and solutions,

(1) Evaluated Nuclear Data File
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(b) fission neutrons, transmitted through
H 20, D 20, C, Be, Al, Fe, Cu, Pb,

 2 3 S U ,
polyethylene and concrete of various
compositions and polyethylene,

(c) . H 20 and D20-moderated fission neutrons
transmitted through Fe, Cu, Pb and
concrete,

(d) fission neutrons reflected from many of
the above materials,

(e) 14-MeV neutrons transmitted by and
reflected from some of these materials.

The spectra are given both in graphical and tabu-
lated form.

Average cress sections for the following
reactions, x°3Rh(n,n')'°3mRh, J' 5In(n,n')*' 5 mIn,
3 2S(n,p) 3 2P, 31P(n,p) 3 1Si, 2 3 7Np(n,f), 2 3 2Th(n,f)
2 3 8U(n,f) are tabulated beside the spectral infor-
mation. Average kerma, maximum dose, dose equivalent
and gamma ray dose produced by neutrons interacting
with the body per unit incident neutron fluence are
also presented.

The Compendium, which contains 160 typed pages,
has been sent to the IAEA for publication.

2.2.5 Results for the Second Personnel Dosimetry
Intercomparison Study - H. Ing and W.G. Cross

CRNL participated in the Second Personnel
Dosimetry Intercomparison Study (PDIS) sponsored by
the Oak Ridge National Laboratory (ORNL). In this
intercomparison, four badges from CRNL were mailed
to ORNL and exposed to four radiation fields produced
by the HPRR reactor (unshielded, shielded with 10-cm
Fe and shielded with 12-cm lucite) and 14-MeV neu-
trons. After irradiation, the badges were returned
to CRNL for analysis.

Because the exposures were small, most of the
activation dosimeters in the badges (intended for
critiuality accidents) were not suitable and, there-
fore , the neutron and gamma dose equivalents were
obtained only from Th damage track detectors and
6Li-shielded TLD chips respectively. The damage
track detectors were read using the spark counting
technique after etching along with detectors irra-
diated with a known flu^nce of 14-MeV neutrons. The
counts were converted to dose equivalents using the
Th cross section and dose equivalent for 14-MeV
neutrons and corresponding values for the unshielded
and shielded HPRR spectra.
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The TLD-700 dosimeters were calibrated with
identical chips (shielded with 6Li) exposed to
known doses from a 226Ra source. With the 6Li
shield, the response of the y dosimeter to thermal
neutrons was negligible. However, it was necessary
to correct the TLD-700 reading from the ganuT.a back-
ground introduced by the adjacent Th radiators (of
the neutron damage track detectors). Because the
mailing of badges to ORNL and back took much longer
than expected (seven weeks), the gamma dosimeters
had a rather high background (up to 68% of the total
reading) which produced large uncertainties in the
final gamma doses.

The table below shows the results obtained by
CRNL and by ORNL. The agreement was surprisingly
poor. According to ORNL, the much higher gamma
dose-equivalents reported by all participants (12
laboracories) might have resulted from inadvertent
exposure of badges in a shipping storage area.

The CRNL badges were irradiated after the main
irradiations because of their late arrival, but
supposedly under identical conditions. If this is
true, we cannot explain the large differences in the
neutron dose equivalent for the lucite-shielded and
unshielded HPRR irradiations. ORNL did not quote
results for the 14-MeV neutrons irradiation because
the accelerator failed to operate properly.

Irradiation Source

Neutron Dose
Equivalent

(mrem)
CRNL ORNL

Gamma Dose
Equivalent

(mrem)
CRNL ORNL

Lucite-shielded
HPRR

HPRR

Steel-shielded
HPRR

14-MeV Neutrons

260 ± 50 383

210 + 33 404

510 + 90 523

5 ± 2

164 ± 22 41

72 ± 22

54 ± 22

76 + 22

16

8
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2.2.6 Analytical Expressions for the Excitation Functions
of Threshold Reactions - W.G. Cross and H. Ing

Analytical expressions for the energy-variation
of the cross section for several threshold reactions
useful in neutron dosimetry have been given pre-
viously (D. Similar expression have now been obtain-
ed for cross sections of the reactions 3 1P(n,p),
2 7Al(n,a), 2*Mg(n,p) and 5 6Fe(n,p), .by fitting the
data from the 1974 CCDN compilation^' and its update
of May 1975. We have also fitted the energy varia-
tion of kerma, charged particle surface dose, dose
equivalent and surface dose from the ]H(n,y) reaction,
all per unit fluence. These expressions have been
used to derive average cross sections for spectra of
fission and other neutrons transmitted through
shielding.

2.2.7 Spectra of Neutrons Transmitted and Multiply-scattered
by Concrete Walls - W.G. Cross and H. Ing

Spectra of neutrons from reactors and accelerators,
transmitted through concrete shielding and multiply-
reflected within a room, can have a high proportion
of neutrons below 100 keV. In these circumstances
accurate dose measurements require knowledge of the
neutron spectrum because threshold detectors do not
respond to low energy neutrons whereas moderator-type
detectors (e.g., albedo dosimeters) are overly sensi-
tive to low energy neutrons.

Using the 05R Monte Carlo program, we have
calculated spectra of neutrons transmitted by or
reflected from concrete walls in various geometrical
arrangements, in order to explore the extent of spec-
tral variations. Sources include monoenergetic
neutrons of 2.8 and 14.7 MeV, unmoderated fission
neutrons and spectra from light- and heavy-water
reactors. Spectra were calculated at various depths
(to 1 m) in a wall for normally and isotropically
incident neutrons. Effects of multiple reflections
from walls of shielded rooms and long corridors were
investigated with the objective of finding conditions
producing the "softest" spectra. No spectrum was
obtained with nearly as high a proportion of dose
equivalent below 100 keV as has sometimes been derived

(1) W.G. Cross and H. Ing, Nucl. Sci. Eng. 5J3_,
377 (1975)

(2) "Compilation of Threshold Reaction Neutron
Cross Sections for Neutron Dosimetry and Other
Applications", NEANDC-95U, Centre ENEA de
Compilation de Donnees Neutroniques, Saclay,
1974.
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from measurements with a rem-meter and recoil-
proton counter.

For all these calculated spectra we evaluated
average cross sections for several threshold
detectors useful in dosimetry.

2.2.8 Calculated Spectra and Attenuation of 14.7 MeV
Neutrons Transmitted by Concrete - W.G. Cross and
H. Ing

The 05R Monte Carlo program has been used to
calculate spectra of neutrons transmitted through
various thicknesses of concrete up to 100 cm.
Compared to similar but less extensive calculations
made in 1973 (PR-B-97) inelastic scattering has now
been treated in much greater detail. Cross sections
and elastic angular distributions were taken from
the ENDF/B-IV library.

For incident 14.7 MeV neutrons, spectra of
emergent neutrons were calculated for

(a) a broad beam incident normally on slabs of
various thicknesses,

(b) an isotropic source against the same slabs,
(c) a source at the centre of concrete spheres

of various sizes,
(d) a source at the centre of a concrete shell,

4 m in diameter and 30 cm thick.

Spectra were also calculated at various depths in a
100-cm thick block with normally or isotropically
incident neutrons. For isotropic incidence attenua-
tion is exponential at thicknesses > 10 cm but has a
higher slope at small thicknesses. For normal inci-
dence the slope is initially smaller but beyond 40 cm
becomes the same as that for isotropic incidence.
These characteristics can be understood in terms of
the neutron angular distributions, which were recorded
at each depth for three energy groups - 0 to 1, 1 to
10 and 10 to 14.7 MeV. The angular distributions
of emergent neutrons have been used to explain some
of the discordant results in measurements of attenua-
tion lengths by different experimenters, using
different geometrical arrangements.

Calculated attenuation length for slab geometry
was in agreement with that calculated by Roussin and
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Schmidt . For spherical geometry, the attenuation
length is nearly 20% higher than for slabs. Average
values of kerma and dose equivalent per unit neu-
tron fluence and of cross sections for a number of
threshold reactions useful in dosimetry were calcu-
lated for all spectra. Effects of variations in
concrete componsition on spectra and attenuation
have been studied. As expected, attenuation is very
dependent upon hydrogen content. Varying the propor-
tions of Si, Ca and Al had an almost negligible
effect on the attenuation length but replacing oxygen
by these elements reduced it.

2.2.9 Measured Attenuation of 14.7 MeV Neutrons by Ordinary
Concrete - W.G. Cross and H. Ing

The results of existing measurements of the
attenuation of 14 MeV neutrons in concrete are in
poor agreement^). At thicknesses exceeding about
30 cm, attenuation is roughly exponential, with
quoted values of the attenuation length varying from
14.5 to 2 2 cm. In contrast, the length derived from
nuclear cross sections by Monte Carlo calculations
is 11.5 to 13.5 cm.

We have measured dose attenuation at depths to
100 cm in a large (2 x 2.4 x 1.4 m) assembly of con-
crete blocks. The 14.7 MeV neutron source was 1.4 m
from the assembly. Two measurements of attenuation
were made, the first with a Hurst-type proportional
counter dosemeter (FN2/3) placed successively at
different positions in the block and the second with
2 3 7Np damage track detectors located at 10 cm inter-
vals in depth and irradiated simultaneously. Since
the ratio of dose to detector reading varies with
the neutron spectrum, spectra calculated at each
detector location were used to make small corrections
to dose measurements.

Differences from previous measurements are:

(a) the lateral dimensions of the block are
effectively "infinite",

(b) neutrons are incident in a broad beam
roughly normal to the surface, thus re-
producing the geometry of the calculations,

(1) R.W. Roussin and F.A.R. Schmidt, Nucl. Eng.
Design, 15_, 319 (1971)

(2) D. Bozyap and L.R. Day, Health Physics 2j[,
101 (1975)
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(c) the detector is always well shielded
from room-scattered neutrons.

Values obtained for the attenuation length are
13 ± 1 cm and 13.7 ± 1 cm (p = 2300 kg/m3) for the
two experiments, in agreement with theory.

We have also measured the depth distribution
of thermal fluence, using bare and cadmium shielded
gold foils. The elemental composition of the con-
crete is being determined, primarily by activation
analysis.

2.2.10 Effects of Sub-Threshold Fission on Neutron Dose
Measurements with 23 7Np Detectors - W.G. Cross and
H. Ing

237Np provides a particularly useful fission
damage-track radiator for fast neutron dose measure-
ments. Although the fission cross section exhibits
a "threshold" around 200 keV, it is appreciable at
lower energies and this sub-threshold fission can
affect dose measurements. While values of cross
sections between 1 eV and 100 keV have been avail-
able since 1972, their effect on dose determinations
had not been calculated.

To compute the effect of sub-threshold fission
on neutron spectra distributed over a wide energy
region, 3 000 point-by-point cross-section values
were fitted by an analytical function of energy.
The response of a 2 3 7Np detector was then calculated
for typical spectra from light and heavy water
reactors, before and after the neutrons pass through
Fe and concrete shields. For most of these spectra,
sub-threshold fission affects the response by less
than 10%. The contribution is larger for neutrons
transmitted through heavy elements (Fe, Cu, U) or
multiply scattered from light elements. In these
circumstances, approximate knowledge of the spectrum
permits corrections for sub-threshold fission to be
made to Np dosimeter readings.

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

Spectra at various depths and lateral positions
inside a water phantom, irradiated by neutrons from
the 9Be(d,n) reaction, have been calculated previous-
ly (PR-B-108). These calculations have been repeated
using an incident spectrum slightly different from
that measured for the Hammersmith Hospital cyclotron.
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This spectrum contains a higher proportion of
neutrons below 1 MeV and is believed to be a better
approximation to that of the actual therapy beam.

For both incident spectra, the spectra in the
phantom along the beam axis show remarkably little
change with depth, except in the first 5 cm from
the surface. Over this region, the proportion of
low energy neutrons can either increase or decrease
depending on the shape of the incident spectrum.
Tha changes with depth are too small to account for
RBE variations of more than a few percent and also
appear inconsistent with insignificant changes in OER re-
ported earlier(D. At depths exceeding 5 cm, both
calculated depth dose distributions agree well with
that measured at Hammersmith; but close to the
surface, better agreement is obtained for the inci-
dent spectrum containing a higher portion of low-
energy neutrons. These neutrons have no significant
effect on the build-up of dose at the surface.

The computer programs for this calculation have
been improved to permit application to beams up to
20 x 20 cm and to reduce statistical fluctuations in
the spectra obtained.

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

Work has now been completed on the energy
calibration procedures for four different spherical
proportional counters. The large 7.63 cm radius
SP6 counter will be calibrated simply using mono-
energetic neutrons from the D(D, 3He)n reaction.
The 2 cm radius SP2 counter will be calibrated using
resonances in absorber materials placed around the
detectors and inside a graphite assembly containing
a Pu-Be source. For the 10-atmosphere hydrogen-
filled SP2 counter, SiO2 is the absorber and the
oxygen resonances at 0.43 and 1.0 MeV are used.
For the 4-atmosphere counter, only the 0.43 MeV
resonance is used. Aluminum oxide was tried as the
absorber but gave inferior resolution because of
interference from aluminum resonances. The one
atmosphere counter uses fluorine (in teflon) as the
resonance absorber. The 50 keV and 100 keV reson-
ances are used as the calibration points. The above
procedures have been tested with suitable monoener-
getic neutrons provided by the Van de Graaff

(1) R.J. Berry and D.K. Bewley, Brit. J. Radiol.
49, 458 (1C76)
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accelerator at the National Research Council in
Ottawa.

2.3 THERMOLUMINESCENCE DOSIMETRY - A.R. Jones

Seven Automatic TLD Readers have been received
from Canadian Admiral Ltd. and one from Aptec
Engineering Ltd. Of these, six have been tested,
corrected and then modified to suit the different
requirements of Ontario Hydro and Health & Welfare
Canada each of which have received three readers.
The remaining two readers destined for Ontario
Hydro and Hydro-Quebec are nearly completed. Main-
tenance technicians and operators from the three
agencies have been trained. Drawings of the three
different sets of modifications have been made as
well as up-dating of the original drawings as
required during the construction. Work on a main-
tenance and operational manual for the new reader
continues.

The majority of CRNL employees (those with
badge numbers below 2,000) have been equipped with
the new TLD holders. Poorly bonded clips have caused
the most numerous complaints during service. Defec-
tive holders are being replaced by the manufacturer
and it would appear advisable in future to modify
the design so that the holding clip is held with a
metal rather than a plastic rivet.

The introduction of the new holder is reducing
the incidence of spurious readings. For example,
67 spurious readings were detected in 1 600 dosimeter
plaques worn in the old film badges. For those from
the new holders the incidence had dropped to three
spurious readings in 1,000 plaques. A further indi-
cation that dirt is being effectively excluded by
the new holder is obtained by a comparison between
the penetrating and skin doses received by workers
who normally are very lightly exposed (< 20 mrem
penetrating dose and < 60 mrem skin dose).

Average and Standard Deviations in mrem

New Holders Film Badges

Penetrating Dose

Skin Dose

3.7 ± 2.7

4.0 ± 6.4

4.2 ± 3.4

21.2 ± 15.3
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With the new holder the readings for the akin
penetrating dose accord well but the skin dose
reading is considerably higher in the case of TLDs
held in the film badges where the thin TLD is
particularly exposed to dirt.

Preparations have been completed to change
over in January 1977 from unmounted TLD chips to
individually calibrated plaque-mounted TLDs for
environmental gamma dosimetry. The purpose is to
improve the reliability and precision of low level
measurements and to reduce the time spent in measure-
ment- 350 pairs of TLDs (thick and thin) were sen-
sitized by exposure to 60Co y~rays and then annealed
at 300°C for 45 minutes while exposed to UV. They
were then individually calibrated and are packaged
two to a TLD holder. Tests have been made of 30 of
these packages in an outdoor measurement of a small
exposure of 18 mR where a standard deviation of less
than 8% was observed. The increase in background
due to holding them between the aluminum slabs was
not detectable and was certainly less than 1 mR/
month.

Fading tests were made on the sensitized TLD
plaques by exposing batches to equal exposures at
different times over a period of 5,000 hours. They
were stored at temperatures ranging between 22 and
27°C and the estimated annual fading rate was 6%.
Jnsensitized TLDs, which had been preannealed at 80°
for 16 hours, were found to have a fading rate of
5%/year. Both fading rates are acceptably low for
annual environmental measurements. An oven with a
UV window is being constructed to anneal up to 100
sensitized TLDs at a time.

Tests have begun on the performance of
unsensitized TLDs when exposed at low rates over a
three month period, using both annealed and unannealed
TLDs, for comparison of their fading. If the results
of these tests prove satisfactory it would be tech-
nically feasible to monitor the great majority of
CRNL workers (who receive less than 0.5 rem/year) on
a quarterly basis with greater precision and sensi-
tivity and a reduction in work.

2.4 SAFEGUARDS MONITORING - A.R. Jones

A new collimated array of detectors has been
built for use at Douglas Point. The array contains
eleven detectors in line to be aligned with eleven
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touching fuel bundles- The electronic circuits are
the same as those used for the Pickering fuel bundle
monitor. The problem of reliably de- ?r>ting a dummy
bundle (i.e., an object which looks like a fuel
bundle and may be one with little or no irradiation)
is more difficult at Douglas Point because the
bundles are closer and there may be some uncertainty
about the spacing.

The array was tested with a full array of fuel
containing one dummy bundle (i.e., a fuel bundle of
low irradiation and long decay time). The average
signal from the two nearest neighbours was 3.2 times
greater than the sianal from the dummy. Next, every
"•ther fuel buno.le was removed and a comparison was made
between the signals from the occupied and empty
sites in the arrav. The average of signals obtained
from bundles was 2.1 times greater than those obtain-
ed irom vacant sites. The dummy bundle is easier to
detec : than a vacant site probably because the dummy
bundle shields the detector opposite from neighbour-
ing bundles.

Calculations indicated that there is an optimum
collimator cone angle to minimize dependence on
precvse alignment of bundle and detector. Three
in.°sin;E were made to lessen the cone angle to this
value and the detectors were tested with the array of
bundles from which every other one was removed. With
this narrower cone the discrimination factor was
3.4 : 1.

All eleven collimator cones are being narrowed
before the collimator is shipped to Douglas Point
for further testing.

2.5 RADIATION DETECTORS - A.R. Jones

For gamma dosimetry at low exposure rates
(below 2 rnR/hour) a GM counter must have high sensi-
tivity for good statistical precision and speed of
response. The energy response of a high sensitivity
GM counter (Philips type 18545) has been measured
and an appropriate correction filter is being designed
to permit its use down to 50 keV. Its high sensiti-
vity, particularly at low energies, makes such measure-
ments difficult and it first had to be calibrated in
its current mode in the logarithmic range.

To extend its usefulness to higher doses a
counting loss correction circuit has been designed.
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At the lower end of the range the response of all
counters are non-linear in their response to y-rays
because of internal radioactivity and their sensi-
tivity to cosmic rays. Circuits are being designed
to correct for this zero signal.

2.6 RADIATION MONITORING INSTRUMENTS - A.R. Jones

2.6.1 Wide Range 3y Survey Meter AEP-5288

The mechanical redesign has been completed and
a new engineering prototype, which is smaller and
lighter than the first, has been built. It is now
being tested. Aptec Engineering Ltd. have supplied
sample GM counters to replace the type originally
selected which are no longer available. These
counters have been tested and found satisfactory as
replacements although a new energy dependence filter
has had to be designed.

2.6.2 Portable Contamination Monitor AEP-5297

The engineering prototype has been built and
tested in the laboratory by the R. & I.S. Branch.
Changes are being made to the design to meet the
users' requirements. Most important of these changes
is the abandonment of a circuit which automatically
adjusted the time constant to keep the statistical
precision constant at all count rates. Instead a
choice of two fixed time constants will be provided
which permits faster response to weak sources at the
expense of accuracy.

2.6.3 Alpha-in-Air Monitor AEP-10110

The design of the head amplifier has been
modified to reduce its sensitivity to RF interference
from an arc welder.

2.6.4 Low Level y Dose Rate Meter AEP-5301

The design of a low range dose rate meter for dose
rates from background up to 2 mrad/h (20 pGy/h) has begun.
The dose rate meter will permit radiation surveys to
be made with adequate speed and precision at levels
too low for the Wide Range Sy Survey Meter AEP-5288.

The dose rate meter uses a high sensitivity GM
counter (Philips 18545) and will display the dose
rates with a single numerical display. To conserve
battery life the meter will be automatically switched
off when it is set down.
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2.7 HAZARDS FROM TRITIUM PRODUCED IN A 3He NEUTRON FLUX
CONTROL RIG - R.V. Osborne

In one of the loops in the NRX reactor, 3He
controls the neutron flux reaching experimental fuel.
Tritium is formed by the (n,p) reaction on the 3He
at rates up to 1.4 mCi/s (̂  50 MBq/s). Health physics
work associated with the rig has been to:

- analyze the ways in which operators could be
exposed to tritium during normal operation
and following procedural or equipment
failures,

- estimate dose commitments that could result
from such exposures,

- evaluate the protective devices and procedures,
and

- design and build the instruments required fcr
radiation protection.

The control rig works by varying the pressure
of 3He in tubing around the fuel elements in the
reactor core; control being with out-of-core compon-
ents in a ventilated glove box. The tritium is
catalytically oxidized and collected on molecular
sieve contained in the closed rig.

Exposure of operators to tritium beta radiation
can only occur if the tritium escapes from the 3He
containment. The analysis considered "worst case"
acute and chronic releases combined with various
system and procedural faults. These included loss
of ventilation, loss of glove box integrity, failure
to collect oxidized tritium and failure to oxidize.
Tritium inhalation and permeation through unprotected
and protected skin from contaminated components or
from contaminated air were considered in the analysis.

Conservative upper limits have been estimated
for operating times from 1 day to 1 year.

The estimated doses ranged from less than a
few mrem for acute releases when everything else is
operating normally to a dose of hundreds of rem that
would result from inhalation of glove box air contam-
inated with tritium released as oxide after accumu-
lating for several days without collection on mole-
cular sieve. This possibility required four indepen-
dent system or procedural faults, including disregard
of elementary radiation protection practices. The
completed analysis indicated that the greater the
dose commitment, then the greater the number of faults
that would have to occur.
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The analysis emphasized the importance of
ensuring that any oxide formed is collected on
molecular sieve after each operating day and that,
because of an exponential increase in collection
inefficiency for oxide with time, the water loading
of the sieve is limited to 5%.

To meet the instrumental requirements for
radiation protection, three monitors have been
designed and built to provide warning of and estimate:

- release of tritium to the glove box and thence
to the exhaust,

- release of tritium from the glove box to
ambient air, and

- uncollected tritium oxide in the closed rig.

The exhaust monitor (AEP-5293), described in detail
in PR-B-108, monitors and records the concentration
of tritium in the glove box exhaust air, from ^ 1 0 0
pCi/m3 to ^ 10 kCi/m3 (4 MBq/m3 to 400 TBg/m3) and inte-
grates and digitally displays cumulative tritium
losses. The ambient air monitor has been adapted
from the portable unit AEP-5215A by adding a line-
operated power supply, a line-operated pump and a
concentration level alarm. The response times of
both these monitors are less than 10 s and the alarms
may be set at or above a concentration that corres-
ponds to a dose commitment rate of less than 1 mrem/
min for unprotected exposures to chronic releases.
The in-line monitors (AEP-5299) are two small (2.5
cm3) ionization chambers, each with a DC amplifier
and chart recorder. The three-decade dynamic ranges
have been selected to encompass the range of concen-
trations of tritium upstream of the oxidizer and
molecular sieve and the (lower) range of concentra-
tions downstream of the sieve. All three designs of
the monitor have been completed and are being
commissioned on the rig.

2.8 MONITORING NOBLE GAS FISSION PRODUCTS IN AIR
EFFLUENTS - R.V. Osborne

Monitors on the gaseous effluents from a 9 9Mo
extraction facility and a fuel test facility are
required for two reasons; to warn of an abnormality
or change in operation, particularly with respect
to release of the longer-lived xenons and to provide
sufficient identification of any released gas to
allow estimation of doses to any locally exposed
group. For the former a simple device is sufficient
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and desirable. For the latter a spectroscopic
system is needed.. This is because a simple estimate
of the product Ci-MeV(y) for the released gas - for
which suitably filtered GM or scintillator detectors
may be used - is not appropriate for releases from
facilities that may have the shorter-lived kryptons
and xenons present and where semi-infinite cloud
approximations are invalid.

A sampling ionization chamber is sufficiently
accurate and sensitive for the former requirements;
the calculated response per becquerel of radioactive
noble gases released varies within a factor of two.
Various irradiation and target decay times have been
considered in the calculation for the 9 °Mo extraction
facility; two fuel defect models and two release
pathways - directly to a swept airspace and via the
reactor loop coolant - have been considered for the
fuel test facility. The design of the air monitor
AEP-5293, designed for monitoring tritium released
from other equipment (see section 2.7) has therefore
been broadened so that it may be used on both of these
effluents to warn of unusual releases and to provide
an approximate but continuous measure of the total
activity released.

Engineering drawings for the monitor have been
completed and two units are being built. The manual
has been partly completed.

2.9 TRITIUM MONITORING - R.V. Osborne

2.9.1 Tritium-in-Air Monitoring

During the year the engineering of three
instruments h^s been completed in addition to those
noted in sections 2.7 and 2.8. These are the
installed monitor AEP-5275, the portable monitor
AEP-5215A and the tritium calibrator AEP-5284.

The completed prototype of AEP-5275 has been
tested in the laboratory and is currently at Pickering
Generating Station for field tests and evaluation.
Two of the monitors installed at Bruce Generating
Station nave been inspected and operating staff
guided in commissioning them.

The main change to the portable monitor (AEP-
5215A) has been to decrease the transient signal that
was observed when switching to the most sensitive
range; this has been accomplished by rearrangement
of the high impedence (> 1 Pfl) switching wafers.
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Development of the transportable monitor
AEP-5270 (see PR-B-108) has been given second priority
during the year and the laboratory prototype has only
been partly tested. However the designs of several
of the component units have been used for the efflu-
ent monitor AEP-5293 described in section 2.7; for
example, the electrometer package (AEP-5300) and the
display circuit.

Manuals for two of the instruments have been
completed; two others are being prepared.

2.9.2 Tritium-in-Water Monitoring

The major problem in water monitoring remains
the preparation of the water sample. Effective
filters will operate for only a few days at some
power stations so that continuous monitoring is
expensive in man-hours.MThe radiant still {see AECL-
4932, J.G. Bayly et al) U J offers potential saving
in man-hours and greater effectiveness in supplying
a clean water sample to the water monitor AEP-5252.
A 1 kW prototype has been tested in the laboratory
and the flow of water that can be obtained is suffi-
cient to give a response time with the water monitor
of less than 10 minutes. The change in the isotopic
ratio 3H/1H between sampled water and distillate is
less than 1% and is inconsequential for this applica-
tion. The results are sufficiently encouraging for
this approach to be pursued.

2.10 ENERGY LOSS IN THIN FILMS - K. Chang and R.V. Osborne

During the summer the vacuum system and analyzer
were completely reassembled in a different labora-
tory. Because loss peaks were not detected with
either formvar or carbon films, the acceptance angle
of the analyzer was increased by moving the film
holder closer to the defining aperture of the analy-
zer. Additionally, carbon films thinner (2 to 4 m)
and more robust than previously used were obtained
from J. Gallant (Nuclear Physics Branch).

With the adjusted angle of acceptance, the
broad 25 eV single loss peak has been observed at
a beam energy of 1.7 keV. Stability of the beam
continued to be a problem and prevented any quanti-
tative estimations. To improve this, the gun f La-
ment and electrode supplies have been modified bit
the performance has not yet been determined.

(1) J.G. Bayly, D. Gresham and J. Kolk, "The Radiant
Still", Atomic Energy of Canada Limited Report
AECL-4932 (1975).
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2.11 IODINE MONITORING - R.M. Holford

2.11.1 Detection of 1 3 1I in Air

The prototype Iodine in air monitor AEP-5217
has been in operation in the NRX reactor building
for most of the year. The steel-wool filter, used
to protect the pump from the biomine which is added
to the air stream in trace quantities to improve
the efficiency of tho charcoal-loaded filter paper,
has been replaced by a commercial filter containing
a replaceable charcoal cartridge. This unit has a
much lower resistance to air flow, and will probably
require much less frequent replacement of the car-
tridge. Unlike the steel-wool its condition cannot
be determined by visual inspection, and so to deter-
mine the useful lifetime of the cartridge a check
for bromine in the air leaving the filter is being
made every few days.

It was discovered that, due to leaks in the air-
line and other causes, the flowmeter in series with
the air pump was considerably over-estimating the
rate at which air was being drawn from the sampling
duct. The air-line has been modified to reduce the
number of joints required, and the flowmeter has
been moved to the inlet side of the air-line. Only
the particulate filter precedes it; this is thought
advisable so as to reduce possible contamination pro-
blems. A glass flowmeter has been specified to
reduce absorption of radio-iodine from the air
stream.

Checks have been made on the collection efficiency
of the filter medium by backing it up with a "May
pack" (a charcoal cartridge). These showed that with
the standard filter medium. Whatman type ACG/B char-
coal-loaded filter paper, penetration was significant
when sampling for a full 24 hours at the maximum
design rate of 20 litres/min. Penetration was insigni-
ficant if the flow rate was reduced to 10 litres/min
or the sampling period to 8 hours. The problem is
apparently solved by the use of an alternative paper,
Dexter X-1230. Use of this paper was not recommended
previously because of high side leakage in the filter
head, but now that the flowmeter is on the inlet side
leakage can be allowed for as long as it is stable
and repeatable. With the Dexter paper side leakage
is between 10 and 20% of flow, but the flow rate at
the input is stable to within 5%.
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Frequent checks are also made on the stability
of the scintillator, photomultiplier tube and elec-
tronics used for radiation detection, using a barium-
133 source. Stability has generally been good,
although on two occasions during the year there were
sudden drifts with no obvious cause. Experiments
have also been carried out to determine the source
of the background count rate. In the present situa-
tion, as a stack monitor in the NRX building, the
most important source of "background" is apparently
the other isotopes of iodine. Some of these, parti-
cularly 1-134 and 1-136, have half-lives which are
comparable with the response time of the instrument.
They therefore rapidly reach an equilibrium level of
activity on the filter paper and are indistinguish-
able from background caused by noble gasses or by
external radiation.

The three other longer-lived isotopes of iodine
produced by the reactor, 1-132, -133 and -135, also
appear to have small but positive effects on the net
count rate. The effect of 1-133 is rather critically
dependent on correct adjustment of the instrument
however, since its main y-ray peak is only just above
the background subtract "window" and if the gain
drifts downwards the peak may enter the background
"window" and produce a negative reading on the instru-
ment. This was observed during one of the periods of
gain drift described above.

2.11.2 Detection of 1 2 5I

A prototype of the 125I monitor, AEP-5285, has
been constructed and tested. With a good quality
thin sodium iodide scintillation detector it gives
results very close to those calculated from analysis
of a gamma ray spectrum on a multi-channel analyzer
using the same detector. The main limitations on
its accuracy appear to be background and counting
statistics at the low activity end of its range
(̂  3 nCi [100 BqJ); the augmentation of the real coin-
cidence counting rate by random coincidences due to
the response time of the detector (̂  0.25 us) at the
high activity end of its range (̂  30 yCi [1 MBq]), and
the distributional error in an extended source at all
activities.

2.12 ATMOSPHERIC DIFFUSION DATA ANALYSIS - R.M. Holford

Work on this project has been limited to a
continuation of processing of all new data into the
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compact form to provide a back-up and to facilitate
further analysis, and to the running of a trial pro-
gram to produce probability distributions of the
diffusion coefficients for each of the five sampling
stations and for end of the past six years. In
general the exponential distribution already reported
for the earlier data (pre-1970) was confirmed, but
the graphs tend to be concave upwards on a log scale,
i.e., there are more very low and very high values
than predicted. Some of the low values may be caused
by instrumental instability rather than genuine

Ar, but in view of the number of samples involved
this is unlikely to explain all of the observed
excess. Another possible explanation is that they
were caused by the gamma field of the plume at times
when it was close to, Lut not actually touching the
detector. Likewise some of the high values may
represent instrument malfunctions which editing of
the data has failed to remove. Whether this is so
could possibly be determined by a detailed analysis
of all periods of high "tlAr readings, but it would
be a time-consuming operation involving a lot of sub-
jective judgements. If the meteorological experiment
is to be continued in any form an overhaul of the
instrumentation to improve reliability is therefore
recommended.

2.13 MICROSCOPIC FLYING SPOT SCANNER - R.M. Holford

Thir unit is being converted for use in counting
etch-pits in Kodak LR115 cellulose nitrate foils,
used for detection of heavy ionizing particles. A
slow mode cf scanning will be used to improve the
signal to noise ratio, and to facilitate this a new
amplifier has been designed which is capable of
driving either the vertical or the horizontal windings
of the deflection yoke. Inexpensive power transistors
are used and acceptably fast response is achieve with
fewer stability problems than in previous designs.

Horizontal scanning in both directions, using an
up-down counter and a digital-to-analog converter,
was investigated to the point of prototype construc-
tion but had to be rejected because reliable spot-
counting requires that the result of the current
line-scan be compared with the previous one, (displaced
by one vertical unit). Pulses occurring at the same
point in both scans are presumed to represent parts
of the same object and are only counted once. In up-
down mode there is a displacement between the "up"
and "down" scans due to the time lags in the various
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parts of the circuit, and this displacement was
found to be too large to be easily corrected for
in any simple way. Instead of this a unidirectional
scan will be used with a fairly slow retrace so
as to avoid overloading the deflection amplifiers.
The digital to analog converter also failed to work
well for the horizontal scan, although it is satis-
factory for the slow vertical scan, and has been
replaced by a circuit based on an operational ampli-
fier integrator. Using this mode of scanning, and
a variable persistence oscilloscope as a display
device, an acceptable image of an etched LR115 foil
can now be produced.

ROUTINE DOSE MONITORING - R.M. Rondeau & J.M. Vincent

Body Radiation Doses

In the fourteen week period ending 19 November
and the calendar year to this date there are the
following distributions of radiation exposures.

Pentratinv 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
3.00 - 3.49
3.50 - 3.99
4.00 - 4.49

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen

No. of
monitored
persons

105
2439

78
20
1

Weeks

Total
Dose

Man-rem

0
165.68
51.92
23.29
1.62

92 mrem

96 mrem

Calendar Year

No. of
monitored
persons

48
2174
154
133
61
35
19
9
5
5

Total
Dose

Man-rem

0
275.43
114.60
162.85
107.51
77.03
50.96
29.73
18.19
20.74

324 mrem

330 mrem
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Penetrating Radiation Dose -

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
3.00 - 3.49
3.50 - 3.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

38
206

7
1

Total
Dose

. Man-reifi

0
12.83
4.52
1.01

7 3 mrem

86 mrem

CP

Calendar Year

No. of
monitored
persons

24
199
14
7
2
4
0
1
1

253

280

Total
Dose

Man-rem

0
25.57
10.70
8.38
3.40
8.95
0
3.02
3.85

mrem

mrem

Penetrating Radiation Dose -

uose Kancjerems

No radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.59 - 1.99
2.00 - 2.49

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

151
32
5
1

Total
Dose

Man-rem

0
4.16
3.37
1.06

4 5 mrem

226 mrem

PP

Calendar Year

No. of
monitored
persons

124
41
13
6
4
1

Total
Dose

Man-rem

0
4.95
9.21
7.01
6.82
2.03

159 mrem

462 mrem
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Surface Radiation Dose - CRNL

Dose Range
reins

No radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.99
3.00 - 2.49
3.50 - 3.99
4.00 - 4.49
4.50 - 4.99
5.50 - 5.99
6.00 - 6.49

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

105
2353
132
36
12
4
1

124 :

Total
Dose

Man-rem

0
159.19
93.26
42.27
20.49
9.21
2.69

nrem

129 mrem

Calendar Year

No. of
monitored
persons

48
2088
143
117
91
60
36
20
15
7
7
5
6

Total
Dose

Man-rem

0
279.06
101.35
143.96
156.52
133.77
98.47
64.77
56.67
29.92
33.33
28.46
37.46

440 mrem

448 mrem

Surface Radiation Dose - CP

Dose Range
rems

No radiation
0 - 0.49
U.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.99
3.00 - 3.49
4.00 - 4.49
4.50 - 4.99
5.00 - 5.49

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

37 ,
200

9
3
3

Total
Dose

Man-rem

0
16.48
6.37
3.37
5.20

125 mrem

146 mrem

Calendar Year

No. of
monitored
persons

24
172
30
9
5
3
2
2
2
2
1

432

478

Total
Dose

Man-rem

0
20.44
20.44
11.37
8.69
6.10
5.09
6.08
8.49
9.91
5.11

mrem

mrem
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Surface Radiation Dcse - PP

Dose Range
rems

No radiat ion
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49

Average dose
per monitored
person

Average dose
per exposed
person

i

Fourteen Weeks

No of
monitored

persons
151

32
5
1

46 i

227

Tota l
Dose

Man-rent
0
4.16
3.43
1.06

nrem

mrem

Calendar Year

No. of
monitored

persons
124

39
10

7
7
2

193

562

Tota l
Dose

Man-rem
0
4.32
7.57
8.12

12.25
4.30

mrem

tnrem

The two-weekly administrative control limits
for whole body doses were exceeded on one occasion
at CRNL and on four occasions at Power Projects.

2.14.2 Hand Radiation Doses

In the calendar year and the 14 week period
ending 3 December 1976 there were the following
distributions of extremity doses as measured by
finger tip TLD's.

Dose Range
rems

less
1.00
2.00
4.00
6.00

than 0.99
- 1 . 9 9
- 3.99
- 5.99
- 7.99

CRNL
Calendar Fourteen

Year Weeks

181
26
19

2
0

65
5
2
0
0

Calendar
Year

36
17
10

2
2

CP
Fourteen

Weeks

25
9
0
0
0

Calendar
Year

5
0
0
0
0

PP
Fourteen

Weeks

2
0
0
0
0
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2.15 PUBLICATIONS

R.V. Osborne and A. Prini - Calibrator for Tritium
in Air.Monitors. May 1976. AECL-5378.

R.V. Osborne and A.S. Coveart - Manual for Portable
Tritium in Air Monitor AEP-5215 and AEP-5215A.
Atomic Energy of Canada Limited Unpublished
Internal Report, CRNL-1199. May 1976.

A.R. Jones - Manual for the Use and Repair of Alpha
Air Monitors AEP-5234 and AEP-10110. Atomic
Energy of Canada Limited Unpublished Internal
Report, CRNL-1407. March 1976.

W.G. Cross - Canadian Progress Report to NEANDC.
NEANDC(Can)49/L.

R.V. Osborne and N.W. Tepley - Tritium-in-Air Monitor.
Canadian Patent, Registration No. 26,111.
July 1976.

2.16 VERBAL PRESENTATIONS

A.R. Jones - Spent Fuel Monitor for Nuclear Safeguards.
1976 Nuclear Science Symposium and Scintillation
and Semiconductor Counter Symposium, 18-23
October 1976.

A.R. Jones - A Versatile S>y Survey Meter with Numerical
Display. 1976 Nuclear Science Symposium and
Sintillation and Semiconductor Counter Symposium,
18-23 October 1976.

W.G. Cross and H. Ing - Spectra and Dosimetry of
Therapeutic Beams of Fast Neutrons in a Water
Phantom, Fourth Inter. Conf. on Medical Phys.,
Ottawa, July 1976.

H. Ing and W.G. Cross - Calculated Leakage Spectra of
Neutrons Through Cu and Their Application to a
Simulatec Criticality Accident, Annual Meeting
of Health Physics Society, San Francisco, 28 June
to 2 July 1976.
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2.16.1 Local Talks

R.V. Osborne - Radioactivity, Radiation Physics and
Units, Health Physics Course at CRNL, 4-8 October
1976.

R.V, Osborne - Tritium Monitoring, Health Physics
Instrument Information Exchange at CRNL, 28-29
September 1976.

A.R. Jones - Measurement of Radiation, Health Physics
Course at CRNL, 4-8 October 1976.

A.R. Jones - TLD and Personnel Dosimetry, Health
Physics Instrument Information Exchange at CRNL,
28-29 September 1976.

G. Cowper - Safeguards Instrumentation, Health Physics
Instrument Information Exchange at CRNL, 28-29
September 1976.
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ENVIRONMENTAL RESEARCH BRANCH

by

I.L. Ophel

3.1 Staff
3.2 studies on Effects of Heated TVater on Aquatic Organisms
3.3 Effects of Temperature on Algae
3.4 interaction of Temperature and Toxic Chemicals on Algae
3.5 Biochemistry and Microbial Ecology

3.5.1 Enzymological Assessment of DNA Repair - Deficient
Human Tissue Culture Cells

3.5.2 Biogeochemistry of the waste Management Area
3.5.3 control Mechanisms in the Cellular Metabolism of

Ustilago Maydis
3.6 Aquatic Radioecology and Freshwater Biology

3.6.1 Strontium-calcium Metabolism in Pish
3.6.2 Role of Organic Matter in Perch Lake

3.7 St. Lawrence River Studies
3.8 Perch Lake Project

3.8.1 Evaporat ion
3.8.2 Chemistry
3 9.3 Lysimeter Studies

3.9 Atmospheric Diffusion Study
3.10 Snowmelt and Evapotranspiration in a Forested catchment
3.11 Waste Management Area

3.11.1 Port Hope wastes
3.11.2 waste Management Area B
3.11.3 Perch Lake Basin
3.11.4 Arsenic in Environmental samples
3.11.5 Atomic Absorption Spectrophotometric Analysis of

Trace Elements
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3.12 Neutron Activation Analysis
3.12.1 Ottawa River Bottom Sediments
3.12.2 Perch Lake Basin Ground Water samples
3.12.3 Cooperative study with Department of Earth

Sciences, University of Waterloo
3.12.4 General

3.13 Cooperative Programs
3.13.1 university of Waterloo
3.13.2 Dispersivity Experiment
3.13.3 Alberta Environment
3.13.4 Agriculture Canada
3.13.5 Canadian wildlife service
3.13.6 Argonne National Laboratory, U.S.A.

3.14 Natural Nuclear Reactors in Canada
3.15 Contaminant Hydrogeochemistry
3.16 Isotopic Composition of precipitation Across Canada
3.17 Atmospheric Dispersion of Tritiated water from CRNL

and NPD
3.18 Natural Deuterium Concentrations in the Vicinity of

the La Prade Heavy water Plant
3.19 Isotope Evaporation Studies
3.20 Infiltration Studies on the East Side of Perch Lake Basin
3.21 Low-Level Tritium Counting

3.21.1 Chemiluminescence
3.21.2 Determination of Counting Efficiency

3.22 Environmental Impact Assessment
3.23 Cesium-134 in Ottawa River Water
3.24 Examination of Soil Samples from Port Hope, Ontario
3.25 Monitoring of Land Gamma Background Radiation
3.26 Gamma Exposure Rates at the CRNL Boundary
3.27 Gamma Exposure Rates in the Exclusion Area
3.28 Off-Site Monitoring
3.29 Liquid Effluent Monitoring
3.30 Liquid Disposal Area
3.31 Tritium Survey
3.32 Survey Summary
3.33 Publications
3=34 Verbal Presentations

3.34.1 Presented Papers
3.34.2 Lectures or Seminars
3.34.3 Local Talks

3.35 invited Speakers

For Figures 1, 2, 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. Legere
E. Robertson
D.P. wildsmith

L.K. Hendrie1

Natural isotope Studies

R.M. Brown Assistant: C D . Fraser

Biochemistry and Microbial Radioecology

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 Hydrogeochemistry

R.E. Jackson* Assistant: K.J. Inch3

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

Directorate, Environment Canada, Ottawa, Ontario.
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3.1 STAFF (cont'd)

Biology and Aquatic Radioecoiogy

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

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

Hydrology and Trace Element Analysis

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

Secretarial

D.J. TerMarsch

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

Following completion of the experimental heating
facility at Maskinonge Lake several weeks were devoted
to resolving operational problems under winter condi-
tions. These included control and maintenance of wa-
ter lines and pumps; boiler fuel pump failures; loss
of viscosity in the fuel oil and fabrication and in-
stallation of the polyethylene enclosures in subzero
temperatures.

By mid-February the facility was operating sat-
isfactorily and studies were initiated to assess;
(1) seasonal effects of thermal enrichment on phyto-
plankton production succession and populations, and
(2) effects of depth of intake and discharge of cool-
ing water on plankton organisms.
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3.2 STUDIES ON EFFECTS OF HEATED WATER ON AQUATIC
ORGANISMS (cont'd)

Data for the seasonal succession experiment covers
early spring (prior to ice removal on the lake), spring,
summer and fall. Lack of finances for boiler fuel pre-
vented us from obtaining the data under winter condi-
tions.

Studies on effects of different intake and dis-
charge depths covered the following situations: surface
intake and discharge; deep intake and discharge; deep
intake, surface discharge. Phytoplankton primary pro-
ductivity, species composition and numbers were deter-
mined twice-weekly at selected depths in the experimen-
tal column, a non-heated control column and in the lake.
Temperature, dissolved oxygen concentration, total in-
organic carbon, total phosphorus and pH were also moni-
tored, plankton samples were also prepared and stored
for measurement of adenosine triphosphate (ATP) using
the firefly extract (luciferinrluciferase) technique.
Analyses for ATP are currently in progress.

Results show that a deep intake combined with a
surface discharge results in a minimum increase in tem-
perature and biomass in the receiving water body.

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

Studies on the optimal temperatures for maximum
growth in pure cultures of green algae are currently
in progress. These laboratory experiments are designed
to assess the effect of different temperatures, under
fixed lighting conditions, on growth (numbers of organ-
isms) and *4C primary production of various algae
species.
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3.4 INTERACTION OF TEMPERATURE AND TOXIC CHEMICALS ON ALGAE
- J.W. McMahon and S-R. Gentner

During the year a study was carried out on a poly-
chlorinated biphenyl (Arochlor 1242) and its effects
on unicellular green algae. PCB concentrations greater
than 0.133 ppm inhibited algae growth while 0.33 ppm
was lethal for the alga coelastrum microporum within a
24-hour period. Ankistrodesmus braunii exhibited nor-
mal growth curves in concentration of 0.05, 0.07 and
0.1 ppm.

The volatile nature of PCB's coupled with problems
in quantitative extraction (formation of emulsions)
make them extremely difficult to work with. In addi-
tion, the quantitative measurement of extracted PCB's
using gas chromatography electron capture techniques
was hampered by appearance of unrelated peaks in the
chromatograms of Arochlor 1242 and the unreliability of
commercially prepared chromatographic columns.

3.5 BIOCHEMISTRY AND MICROBIAL ECOLOGY

3.5.1 Enzymoloqical Assessment of DNA Repair - Deficient Human
Tissue Culture Cells - D.R. Champ, J.L. Young and S.M.
Marko

In a joint program with M.C. Paterson (Biology
Branch) we have endeavoured to elucidate the nature of
the biochemical defect in cells cultured from humans
suffering from Ataxia Telangiectasia (AT), a condition
which results in sensitivity to gamma radiation. Studies
by M.C. Paterson had indicated a probable deficiency in
an endonuclease activity (gamma endonuclease) which is
required in the excision repair process on gamma ir-
radiated DNA. Demonstration of the postulated deficiency
rested upon the isolation of the enzyme from cells from
control patients and the subsequent demonstration of re-
duced levels of the enzyme in cells from AT patients.



- 43 -

3.5.1 Enzymological Assessment of DNA Repair - Deficient
Human Tissue Culture Cells (cont'd)

Our approach has been to try to develop a purifica-
tion procedure for the putative enzyme using chick
embryca as a model system. Two assays for the endonu-
clease have been employed, both test for preferential
interaction of the extracts with gamma irradiated DNA
versus unirradiated DNA. The first, a relatively rapid
but indirect assay, looked for the presence of enzymes
which would bind to DNA on the assumption that the gamma
endonuclease would not only break the DNA but also as-
sociate strongly with it. The second assay measured
directly the ability to break gamma irradiated DNA ie-
lative to non-irradiated DNA.

Initially we demonstrated the presence of a gamma
endonuclease in cell-free extracts from fibroblast
cells cultured from "normal" patients. Prom small
quantities of cells, 4 x 10 , cell-free extracts con-
taining approximately 11 mg of soluble protein were
prepared. These extracts were found to catalyze the
introduction of single-strand breaks into fibroblast
DNA gamma irradiated (jln vivo) versus unirradiated DNA.
These studies have shown that cultured human fibroblast
cells derived from "normal" patients do indeed contain
an endonuclease activity that cleaves DNA specifically
at sites which have arisen as a result of gamma ir-
radiation.

Twelve-day-old chick embryos were dissected,
homogenized and ultrasonically disrupted to produce cell-free
extracts. These cell-free extracts were treated with
streptomycin sulfate to remove nucleic acids and the
residual protein solution was fractionated on both
anionic and cationic exchange resins. The fractions
after each treatment were examined for gamma endonu-
clease activity by both assay systems. We were able
to demonstrate the presence of an endonuclease specific
for gamma irradiation damage in DNA and to follow it



- 44 -

3.5.1 Enzymological Assessment of DNA Repair - Deficient
Human Tissue Culture cells (cont'd)

through several purification steps. However, our assay
system for examining for direct breakage has proven not
sufficiently sensitive and to possess too high a back-
ground of non-specific DNA breaks. Therefore, we have
been unable to examine the kinetics of DNA breakage
with our fractions, a prerequisite for demonstrating
that the purification procedure is indeed useful.

Cell-free extracts have also been prepared from
AT cells and have been shown to possess gamma endonu-
clease activity on DNA purified from cells gamma ir-
radiated under anoxic conditions. Therefore, AT cells
are not totally devoid of the gamma endonucxease. The
assays do suggest that the levels of activity in AT
extracts may be somewhat less than "control" extracts.
However, we have been unable to quantify the difference
due to the insensitivity of the assay as noted pre-
viously.

Further efforts, by our laboratory, at elucidat-
ing the nature of the biochemical defect in AT cells
are not planned, at least for the immediate future.

3.5.2 Biogeochemistry of the waste Management Area - D.R.
Champ and J.L. Young

A joint program with R.E. Jackson (Environment
Canada) and J. Gulens (General chemistry Branch) to
examine oxidation-reduction processes in ground water
flow systems was initiated during the past year. It
has been observed by us as well as others that the
measured potential of ground water in a confined aqui-
fer decreases as it migrates from upland, recharge
areas to lowland, discharge areas. We have proposed a
model consisting of a sequence of microbially catalyzed
redox reactions to account for this observation. These
reactions predict certain trends in the concentration
of various inorganic and organic components in the
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3.5.2 Biogeochemistry of the Waste Management (cont'd)

system and we are currently testing these predictions.
As an initial survey, measurements have been made at
four points along the CRNL waste management area ground
water flow system. These have included field measure-
ments of ground water pH, E H (the measured Pt electrode
potential), temperature, specific conductance, DO (dis-
solved oxygen) and sulfide as well as laboratory mea-
surements of nitrate, sulfate, alkalinity, silica,
iron and manganese. During the fall a carbon analyzer
was installed in our laboratory and this instrument
has been extensively tested and used to determine both
organic and inorganic carbon concentrations in the
ground water samples. Concentrations in the range of
1 to 4 ppm for organic c and 6 to 2 5 ppm for inorganic
C have been observed.

The above studies are continuing and it is ex-
pected to monitor two of the hydrology network piezo-
meters throughout the winter to determine if a sea-
sonal variation occurs due to the absence of recharge
during the winter months.

3.5.3 Control Mechanisms in the Cellular Metabolism of
Ustilago Maydis - D.R. Champ and J.L. Young

Tn a joint program with P. Unrau (Biology Branch)
we are currently characterizing a novel class of pro-
teins, from the smut fungus Ustilago Maydis, which may
possess a control function in DNA repair as well as
other cellular processes. The occurrence of this class
of proteins in other organisms is also being investi-
gated, i
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3.6 AQUATIC RADIOECOLOGY AND FRESHWATER BIOLOfff

3.6.1 Strontium-Calcium Metabolism in Fish - I.L. Ophel and
J.M. Judd

Experiments dealing with the biological half-lives
of both ^5gr an<3 47 C a i n fj.sh maintained in waters con-
taining different Sr/ca ratios were terminated and the
results obtained were analyzed. Data obtained from
previous work on the effects of food composition on the
accumulation of strontium and calcium from food and wa-
ter, as well as the effect of water temperature and
body weight on strontium and calcium metabolism of fish,
were analyzed and prepared for publication. It was
found that the major Sr/ca discriminatory process oc-
curred during direct (gill) uptake from water; gut up-
take provided minimal discrimination against strontium.
In related studies of strontium-calcium metabolism it
was found that an increase in water temperature in-
creased discrimination against strontium in gill uptake
from water but not gut uptake from food. Increase in
body weight (i.e. body size) had no effect on Sr/ca
discrimination.

3.6.2 Role of Organic Matter in Perch Lake - I.L. Ophel, J.M.
Judd and M. salamon

An 80 cm sediment core was taken for us from the
Perch Lake bottom by J. Williams of Canada Centre for
Inland Waters using a modified Brown sampler. This
core was sectioned into eighty 1 cm layers for analysis
of the distribution of the organic, and mineral ele-
ments within it. Ignition loss, total organic carbon,
cation exchange capacity, fixation capacity, and stable
cobalt, calcium and strontium content are now being
determined. The results of organic carbon analysis by
the chromic acid reduction method will be compared
with those obtained using an Oceanography International
carbon analyzer. A modification of a method described
by Cummings, S.L. e_t aj.. (Health Physics 17, pp. 145-148,
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3.6.2 Role of Organic Matter in Perch Lake (cont'd)

1969) is used for cation exchange and fixation capaci-
ties. Sediment cation exchange capacity (CEC) is deter-
mined by a 60co chloride saturation procedure. Fixa-
tion capacity is then determined by washing the CEC sam-
ple in 1 N ammonium chloride solution and recounting
for 60co# Stable elements are assayed using atomic ab-
sorption and flame emission spectroscopy.

Three ponds were constructed at Perch Lake main
station during the summer. Two of these (8 m and 5 m
dia.) are for experimental work using radioisotopes to
label organic detritus and the third pond (10 m dia.)
is for use by P.J. Barry in evaporative studies. The
two smaller ponds were planted with common aquatic
plants obtained directly from Perch Lake. The plants
grew well and appear to have established themselves
before the winter freeze-up.

3.7 ST. LAWRENCE RIVER STUDIES - I.L. Ophel

The group from the Universite du Quebec a Trois-
Rivieres has continued a study on the effects of heated
water discharged by Gentilly Nuclear Generating Station
and the La prade Heavy water Plant (under construction)
on the biota of the St. Lawrence River. Their contract
research (including other studies on water chemistry,
sediments, fish and wildlife) is coordinated by a com-
mittee of personnel from Environment Canada, Hydro-Quebec
and AECL. Studies funded by AECL in 1976 were concerned
mainly with the distribution and population structure
of benthic organisms and the ecology of aquatic plant
communities.
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3.8 PERCH LAKE PROJECT

3.8.1 Evaporation - P.J. Barry and E. Robertson

During 1976, energy budget and evaporation studies
were extended to include Maskinonge and Upper Bass
Lakes. The object in to relate turbulent diffusivity
of lakes to wind speed, lake size and water quality.
Such, information is needed in connection with studies
on the fate of waste heat discharged into water bodies
and in the distribution of radioactive and other chemi-
cal substances in lakes.

At Perch Lake three temperature probes were posi-
tioned at points equidistant from each other in the
area where the lake is 3.5 m deep in the hope that aver-
age temperatures at each depth would enable effects of
advection to be averaged out. However, due to elec-
tronic problems and loss of several platinum resistance
bulbs during thunderstorms much data was lost. Re-
calibration of the bulbs in the laboratory in November
indicates that there were small current leaks from the
cables. The data is being validated by comparison with
manual readings. These were done regularly with a
thermistor on a measured cable. A probe fitted with
eight thermistors was positioned permanently in the sed-
iments at the centre of the lake. Temperatures were
taken once a week to a depth of 200 cm below the sedi-
ment water interface.

At Maskinonge Lake,temperature profiles were taken
regularly from the beginning of May with the portable
thermistor probe. A net radiometer was installed on a
raft at the centre of the .1=Oce but the portable battery-
operated recorder did not prove satisfactory under field
conditions. Temperature profiles were also taken Ee-
gularly at the centra of Upper Bass Lake from early
July until freeze-up.
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3-8.1 Evaporation (cont'd)

Evaporation rates have been calculated for the
three lakes. For upper Bass Lake values of net radia-
tion and Bowen Ratio from Perch Lake were used. For
Maskinonge Lake the Perch Lake net radiation was ad-
justed for the difference in water surface temperature
between the two lakes. This is significant in May and
October. The Bowen Ratio for Maskinonge Lake was cal-
culated from temperatures and relative humidities ob-
served on a raft on the lake.

The results indicate that the only terra of the
energy budget equation that varies significantly for
the three lakes is the change in heat storage. Over
the whole ice-free period the total eveiporation from
the three lakes is nearly the same.

Evaporation pan experiments done in cooperation
with the Atmospheric Environment Service were also ex-
tended to Maskinonge Lake. A pair of class "A" evapora-
tion pans, one submerged to within 7.6 cm of its
rim and the other raised on a platform, were installed
at the centre of both Perch and Maskinonge Lakes. At
Maskinonge Lake the pan assembly was protected from
waves by a double set of booms, with these precautions
only about ten day's data was lost due to spilling of
water from the pans. A third pan for isotope studies
was operated from the raft on Maskinonge Lake in cooper-
ation with R.M. Brown.

3.8.2 Chemistry - P.J. Barry and P.c. Jay

Tritium analyses of weekly water samples from
Perch Lake Outlet, Perch creek Weir and No. 1 and No. 2
Inlets were continued.
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3.8.2 Chemistry (cont'd)

Weekly measurements of lake dissolved oxygen were
continued up to 9 November when the lake became ice
covered. The method of sampling lake water at differ-
ent depths for iron and manganese analysis proved to be
unsatisfactory. As the water sample was exposed to the
air some of the manganese and iron was oxidized to a
higher state of oxidation and precipitated out before
analysis. A new method of sampling has now been adopted
for next spring in which the water sample will not be
exposed to air before analysis.

The chemical budgets for four major ions in Perch
I-"Tea are now nearing completion and the results are be-
ing prepared for publication.

Analysis of seepage meter water samples for tritium
is continuing in cooperation with D.R. Lee, University
of Waterloo. Further chemical analyses have been done
on the same samples for Mn, Pe and K by atomic absorp-
tion spectrophotometry. It was noted that ground water
seepage under the dike and into Perch Lake is more im-
portant than first suspected. By observing open water
holes alor>g the dike where the lake surface was late in
freezing and taking samples of water directly from these
areas it was found that the tritium content of the water
was much higher than the main body of lake water.

Analysis of leaf samples from experimental plots
is now being done in cooperation with L.K. Hendrie,
University of Toronto. The concentration of Mn and Pe
in the leaf samples is very high. More analyses of
these samples will be done later.

A i m section of an 8 m sediment core taken from
Perch Lake in late summer was cut into 2 cm slices for
chemical analysis. It was found that the equipment
used to section the core needed improvements when handl-
ing the more fluid portions of the core and the neces-
sary modifications were made.
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3-8.3 Lysimeter Studies - P.J. Barry and R.E. Legere

The 1-8 m diameter floating lysimeter at the ex-
perimental field was calibrated during the period, it
is to be used this winter to measure evaporation from
snow. Calibration proved to be difficult and although
the problems were eventually overcome the causes are
still not understood. In subsequent tests during
September and October, precipitation measured with a
standard rain gauge agreed very well with that obtained
by the lysimeter. This observation gives some confi-
dence that the calibration problems were successfully
overcome. The lysimeter was completely covered with
snow by the beginning of December and the first records
were being analyzed for evaporation by the end of the
year.

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

Routine observations continued during the year.

3.10 SNOWMELT AND EVAPOTRANSPIRATION IN A FORESTED CATCH-
MENT - L.K. Hendrie, G. Szeicz and R.E. Legere

This project is designed to investigate the water
balance of a forested catchment. Although prime em-
phasis is being placed upon the radiative exchanges in-
volved in the snowmelt process and the evapotranspira-
tional process during the warmer months, other relevant
parameters will also be considered. The measurement
site selected is in aspen-birch-maple forest on the
southeast side of Perch Lake, and adjacent to the Perch
Lake Satellite Station.

Following preliminary surveys of the area in
January and June 1976, concexitrated on-site prepara-
tions for the project commenced in October 1976.
Radiometers have been designed and constructed to
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3.10 SNOWMELT AND EVAPOTRANSPIRATION IN A FORESTED CATCH-
MENT (cont' d)

permit the monitoring of net radiation and the attenua-
tion of the solar beam through the forest layers. To
improve the representativeness of the sampling of this
parameter in such a complex radiative environment,
these instruments have been constructed with 1 m long
sensing units rather than the conventional small disc
sensors of 1 to 2 cm across. The solarimeters were
built according to the design of Szeicz, Monteith and
Dos Santos (J. Applied Ecology 1, pp. 169-174, 1964),
with some modifications, and the net radiometers were
designed and built upon similar principles. The con-
struction of these instruments is now complete, and they
are ready for installation in the field. They are to
be mounted in pairs and accompanied by shielded thermo-
couples at height intervals of 2% m up a tower.

A 22 m (average height of the forest canopy)
scaffolding tower has been erected in the forest to
act as a support for the sensing instrumentation. It
has platforms at heights of approximately 3, 7.5, 12,
17 and 21 m to facilitate direct measurements of hydro-
meteorological parameters related to the leaves of
the encircling trees. Instrument support frames have
been fabricated and are currently being installed.
Additionally a 25 m^ snowmelt plot has been surveyed,
designed and constructed in the vicinity of the tower,
a series of snowboards have been installed both in the
forest and the open, a snowcourse has been laid out,
and cables have been laid.

Measurements to date have been limited, but it is
anticipated that this preparatory stage will be final-
ized by the end of the year, and that the winter
measurement phase will have commenced.
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3.11 WASTE MANAGEMENT AREA

3.11.1 Port Hope Wastes - W.F. Merritt and B.A. Risto

At the request of the CRNL Environmental Authority
a preliminary assessment was made of the site chosen
for the radium-contaminated wastes from Port Hope.
Assessment of water table and bedrock was made by por-
table equipment, back-hoe and by cable-tool drill.
Three permanent sampling wells were installed in the
dump area.

Assistance was given to the authority in arrang-
ing a site assessment contract with Gartner Lee As-
sociates Limited, a firm of hydrogeology consultants,
and in arranging a seismic survey of the area by the
Geological Survey of Canada. Liaison was carried out
with the Gartner Lee personnel on site and also with
the drilling crew which did the coring and well in-
stallation for the assessment. A water supply well for
the truck-wash was provided. Arrangements for sampling
of the wastes as they arrive and for storing the sam-
ples were made.

3.11.2 Waste Management Area B - W.P. Merritt and B.A. Risto

Sampling of the soil and ground water on a grid
system in the B waste management area was completed.
Soil samples were also taken from directly beneath
certain concrete trenches by driving the soil sampler
at an angle, wells for water table studies have been
installed and as soon as enough data are accumulated a
report will be prepared.

Although in general, drainage from the B area is
to the south, a seepage of tritium-contaminated ground
water into the main inlet stream of Perch Lake has ap-
peared on the north side. It appears to be seasonal,
occurring only during spring runoff. Its path was par-
tially traced, and it is hoped to follow it back to
its source during the coming runoff season.
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3.11.3 Perch Lake Basin - W.F. Merritt and B.A. Risto

A series of soil and ground water samples along
the length of the underground radioactive plumes from
the 1954 and 1955 test disposals were taken for ana-
lysis. In addition, the lower plume from the 1955
test was delineated.

3.11.4 Arsenic in Environmental samples - I.L. Ophel and J.M.
Judd

Methods for the determination of stable arsenic
in soil and water samples have been investigated. An
atomic absorption method based on the formation of
arsenic hydride (arsine) and subsequent dissociation
in a heated (800° c) quartz, tube was discontinued be-
cause gaseous vapours condensed on the spectrophoto-
meter optics. Continued use, without elaborate vent-
ing, would have damaged the instrument. The graphite
furnace flameless atomizer (Instrumentation Lab. No.
455) was then used for the direct determination of
arsenic, by pyrolysis and atomization, within the
graphite furnace tube. The useable sensitivity by
this method was 100 pg As (total) which effectively
allows concentrations of Ing As/m-t to be determined
without pre-concentration. Background correction,
using a deuterium hollow cathode lamp was found to be
essential, every sample tested, except distilled wa-
ter, showed broad-band non-specific absorption at the
As wavelength (193.7 nm). Water samples from wells
GL4 and GL10, in the area on CRNL property where Port
Hope material is being deposited contained < 100 pg
As/ml. An arsenic extraction method for solid samples,
i.e. soil, vegetation, etc. is being developed. The
efficiency of the method will be determined by com-
parison of the results obtained from atomic absorption
with those obtained by W.F. Merritt from neutron ac-
tivation analysis of the same samples.
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3.11.5 atomic Absorption Spectrophotometric Analysis of
Trace Elements - I.L. Ophel and J.M. Judd

An Instrumentation Laboratory flameless atomizer
Model No. 455 has been purchased and interfaced with
the existing IL 353 atomic absorption spectrophoto-
meter. Some initial difficulties have been experi-
enced in getting the atomizer to operate in the peak
area (or integrate) mode. Peak height (or transient)
readings appear satisfactory although more experience
is required in operating the instrument before analyti-
cal precision can be determined. Eight additional
hollow cathode lamps have been purchased covering the
analysis of cadmium, cesium, barium, nickel, copper,
chromium, selenium and arsenic, thus extending the
range of chemical elements which can be measured using
the spectrophotometer. Suitable methods of analysis
using these lamps have yet to be worked out.

3.12 NEUTRON ACTIVATION ANALYSIS - W.P. Merritt

3.12.1 Ottawa River Bottom Sediments

Comparison of trace element concentrations in
sediment from the bottom of the Ottawa River with
sediment collected in pots 1 m from the bottom have
shown quite wide differences. For many elements, the
bottom samples were depleted in comparison with the
pot samples, indicating redissolution of some elements.
On the other hand, certain other elements were enriched
in the bottom samples. This could indicate continued
adsorption of these elements, or possibly a seasonal
effect.

3.12.2 Perch Lake Basin Ground Water Samples

Trace element concentrations in ground water from
the upper sands in different parts of the Perch Lake
basin were found to differ widely. These sands have
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3.12.2 Perch Lake Basin Ground water Samples (cont'd)

always been considered to be reasonably homogeneous.
The differences in element concentrations. have been at-
tributed to the change in ground water chemistry as
one moves through the basin. In the recharge area
there is dissolved oxygen in the ground water. How-
ever, as the water moves through the basin, oxygen is
removed and conditions become more and more reducing,
resulting in greater solubility of multi-valent ele-
ments such as Pe, Al, cr, La, Ce and the rare earths.

3.12.3 Cooperative Study With Department of Earth Sciences,
University of Waterloo

Six samples of peat from a 15 m core taken from
a bog in England are being examined for trace element
content. This particular core is being studied in-
tensely by many groups both here and on the continent.
If the results of the analyses show interesting grada-
tions in trace element concentrations, more samples
will be analyzed, possibly with the assistance of a
graduate student.

3.12.4 General

One of the problems of neutron activation analysis
for trace elements in water has been the storing and
preparing of samples for analysis. In the past the
samples have been taken in specially cleaned polyethy-
lene bottles, stored at 4°c and evaporated onto thin
polyethylene film in a clean hood under infrared
lamps. The film is then placed in a polyethylene ir-
radiation capsule. There is always the chance of loss
of material by adsorption on the bottle and also dur-
ing evaporation.
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3.12.4 General (cont'd)

A new system has been devised. The water sample
is taken directly into a sampler lined with thin
polyethylene film and freeze-dried. The film is then
placed in the irradiation capsule. This should essen-
tially eliminate the possibility of loss of material
from the sample.

3.13 COOPERATIVE PROGRAMS

3.13.1 University of Waterloo - W.F. Merritt and B.A. Risto

Field School - A field school conducted by the
Department of Earth Sciences of the University of
Waterloo in cooperation with CRNL was held 2-8 May
1976. Under the supervision of both Environmental Re-
search Branch and University of Waterloo personnel,
the students were able to participate in various hydro-
geological and hydrometeorological experiments.

3.13.2 Dispersivity Experiment - W.F. Merritt and B.A. Risto

In conjunction with J.F. Pickens, Department of
Earth Sciences, University of Waterloo, a detailed
study of various methods for determining ground water
velocity and dispersivity was carried out. These are
the physical parameters which control the transport of
contaminants in ground water. A comparative study of
hydraulic conductivity was performed using results
from pumping tests, single-well response tests, point
dilution tests and a radioactive tracer test, in con-
junction with numerical simulation modelling. A new
multiple ground water sampler was developed which proved
very successful. For the two-well tracer test the
pumping and injection wells were 8 m apart and there
were 160 ground water sampling points monitored during
the experiment. The tracer used was 5*Cr-EDTA com-
plex. Data was analyzed by two different mathematical
models to obtain estimates of dispersivity. The results
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3.13.2 Dispersivity Experiment (cont'd)

demonstrate that the value obtained for dispersivity
increases with the size of the system being studied,
and that the movement of solutes can be complex even
in a stratigraphically simple sandy soil.

3.13.3 Alberta Environment - W.P. Merritt

A method for ground water velocity measurements
by point dilution that does not use a radionuclide for
a tracer was developed. Fluoride ion was used as the
tracer and was measured with a specific ion fluoride
electrode, modified for submerged work. After con-
struction and testing at CRNL, the apparatus was field
tested by G.E. Grisak of Alberta Environment, A joint
paper was presented at the Geological Association of
Canada annual meeting and has been submitted for publi-
cation.

3.13.4 Agriculture Canada - W.P. Merritt

A number of icn-exchange resin beads labelled
with 54Mn were produced and supplied to D.L. Nelson,
Agriculture Canada Research Station, Beaverlodge,
Alberta for tagging queen bees. The bead is glued to
the thorax and enables the experimenter to locate the
queen in the hive with minimum disturbance to the
colony. Since 5* M n is a K capture nuclide, its use
results in a smaller radiation dose to the bee than
many other radiotracers. It is also available carrier-
free, so that small sources can be prepared containing
adequate amounts of radioactivity.

3.13.5 Canadian Wildlife Service - W.P. Merritt

A large number of ion-exchange resin beads
labelled with 54Mn were produced and shipped to A.
Martell, Great Lakes Forest Research Centre, Sault
Ste. Marie, Ontario. The beads are attached to spruce
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3.13.5 Canadian Wildlife Service (cont'd)

seeds and are being used experimentally in an assess-
ment of seed predation by animals.

3.13.6 Argonne National Laboratory, U.S.A. - W.F. Merritt

A series of samples of contaminated soil were
taken for A. Friedman, Argonne National Laboratory for
plutonium analysis. The samples were taken from the
plume of the 1954 experimental liquid disposal, as
close to the disposal pit as convenient. If plutonium
is found in the samples it will give some information
on the rate of movement of plutonium in Perch Lake
basin soils.

3.14 NATURAL NUCLEAR REACTORS IN CANADA - W.F. Merritt

This branch was represented at a meeting con-
vened by the Atomic Energy Control Board in Ottawa
on 13 October 1976,to consider the formation of a co-
ordinating committee for a Canadian investigation of
possible Oklo-type phenomena in Canadian geological
settings. Twenty-three representatives of Canadian
provincial and government organizations (including
three from CRNL), as well as uranium exploration and
mining companies were present. Our major interest is
the relevance of the results obtained from Oklo to nu-
clear waste management in geological repositories.

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

The study of oxidation-reduction processes with
D.R. Champ and J. Gulens (General Chemistry Branch)
is continuing with the sampling of other wells along
the ground water flow system in the waste management
area. Analyses for all major ions have been completed
to date. D.R. Champ is analyzing the organic consti-
tuents with an automatic carbon analyzer.
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CONTAMINANT HYDROGEOCHEMISTRY (cont'd)

Water chemistry results of last year were put
into a computer program which calculates the equili-
brium distribution of the major and minor inorganic
species. All new chemical data from the Perch Lake
basin are being put into this program.

Other complete chemical analyses were carried
out on ground water samples from the new waste manage-
ment area used for contaminated soil from Port Hope.
This was done in order to obtain a general background
chemistry of the ground water.

Studies on the sorption of the radionuclides 90Sr
and 137 C s on soil have been further delayed, but the
drilling has been completed and the soil core samples
have been taken. Analyses will begin in January.

Earlier this year, by means of a drilling pro-
gram, the new positions of the radioactive plumes
from the 1954 and 1955 experimental waste disposals
were located and the new positions of ^ 0 S r and 137cs

in these plumes were mapped. Earlier positions of
the radionuclides were also recorded on the same maps
for comparison.

A study of dispersivity in the upper sands of
the lower Perch Lake basin was begun last spring by
J.F. Pickens of the University of Waterloo in cooper-
ation with W.F. Merritt and Environment Canada. This
study has been completed and estimates of the physical
contaminant transport parameters by convection (ground
water velocity) and dispersion have been determined.
The system was modelled and the field data compared to
the model data. A good correlation was found.

Recently, microscopic work on waste management
area soils has started again in an attempt to identify
the percentages and types of minerals present and
their state of weathering in order to obtain a better
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3.15 CONTAMINANT HYDROGEOCHEMISTRY (cont'd)

understanding of the sorption processes which are at
work in the sands. Weathered species will be sent to
Queen's University for examination by a scanning elec-
tron microscope. The results of the clay mineral
study done earlier in the year will be correlated with
the new mineralogical data.

The general hydrologic characteristics of the
northeast side of the Perch Lake basin were summarized
in graphical form; including the daily, weekly and
yearly response of discharge and recharge wells in the
flow system. Local rainfall effects on the water table
were examined.

Fluctuations in ground water levels were used to
calculate evapctranspiration. This data was compared
to meteorological estimates obtained from E. Robertson.

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

Monthly composite samples of precipitation from
nine sites across Canada are being analyzed for tri-
tium and deuterium at CRNL and ^0 at Department of
Earth Sciences, University of Waterloo. During 1976
tritium concentrations have ranged as shown in the
following table. The high values at chalk River in-
dicate the presence of some tritium of local reactor
origin. Deuterium and oxygen-18 measurements are
still under way.
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3.16 ISOTOPIC COMPOSITION OP PRECIPITATION ACROSS CANADA
(cont'd)

Tritium Concentrations During 1976 From
Nine Sites Across Canada

Site

Victoria, B.C.
Wynyard, sask.
LePas, Man.
Gimli, Man.
At ikokan, Ont.
Simcoe, Ont.
Chalk River, Ont.
Ste. Agathe, Que.
Truro, N.S.

Tritium Concentrations (TU) *

Winter low

< 10
j4

45
36
30
51
93
37
17

Summer high

36
140
128
110
96

109
272
115
67

*1 Tritium Unit (TU) = 1 T atom per 1 0 ^ H atoms
0.1200 B q A water

3.17 ATMOSPHERIC DISPERSION OP TRITIATED WATER FROM CRNL
AND NPD - R.M. Brown and C.D. Praser

A survey of the concentrations of tritium in snow
of the surrounding area at the end of February 1976
has delineated the winter deposition of HTO vapour re-
leased from CRNL and NPD. Reactor tritium above a bomb
tritium fallout level of about 75 Tritium Units (equiv-
alent to a deposit of 1110 Bq/m2) was detected over an
area extending ~ 95 km along and 20 km across the pre-
vailing wind track. More than 60% of the detected tri-
tium was at a level of less than 7400 Bq/m2. About
94% of the HTO vapour released from CRNL and NPD dur-
ing the months of December 1975, January and February
1976 was dispersed farther afield at undetectable con-
centrat ions.
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3.18 NATURAL DEUTERIUM CONCENTRATIONS IN THE VICINITY OP
THE LA PRADE HEAVY WATER PLANT - R.M. Brown and C D .
Praser

Study of variations in the deuterium concentra-
tions in the St. Lawrence River at Gentilly have con-
tinued. Through most of the year the concentration
is 148 to 149 ppm D/H but concentrations as low as
143 ppm have been observed at the end of March when
snowmelt runoff begins. The concentration rises in
April and is back to 148 ppm by mid-June. Detailed
observation of the onset of the decrease in concen-
tration in the spring has been hampered by the diffi-
culty of obtaining samples directly from the river at
the time of ice breakup.

3.19 ISOTOPE EVAPORATION STUDIES - R.M. Brown and D.L.
Handy

Study of the evolution of isotope concentrations
in evaporation pans was continued during the summer.
Fillings of lake water in a pan suspended in Maskinonce
Lake were allowed to evaporate to dryness and the ap-
proach of the deuterium, oxygen-18 and tritium con-
centrations to equilibrium with those of the atmos-
pheric moisture was observed. The pan water initially
had an elevated tritium content, so the tritium level
fell towards equilibrium, whereas the concentrations
of stable isotopes rose towards equilibrium due to
evaporative enrichment.

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

Two sites, one forested and the other non-vegetated,
have been instrumented for infiltration studies.
Changes in the isotope profile of moisture in the un-
saturated zone resulting from the infiltration of suc-
cessive rainfalls are being studied. Samples of pre-
cipitation, infiltration water obtained from suction
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3.20 INFILTRATION STUDIES ON THE EAST SIDE OP PERCH LAKE
BASIN (cont'd)

lysimeter cups and water distilled from sections of
soil cores, are being analyzed for tritium, deuterium
and oxygen-18. Successive rainfall events have had
quite variable isotope contents and it will be of in-
terest to see how these isotope concentrations are
preserved or modified in the course of percolation to
the water table.

3.21 LOW-LEVEL TRITIUM COUNTING - R.M. Brown and C D . Praser

3.21.'; Chemiluminescence

Trouble due to long-lived chemiluminescence has
been experienced with many rain water and surface wa-
ter samples. Distillation is very time-consuming and
not completely satisfactory due to volatility of some
of the agents which cause chemiluminescence. of
several remedies suggested in the literature, use of
acetic acid and ascorbic ecid have been investigated.
Acetic acid (prepared from acetic anhydride and
tritium-free water) has been found to eliminate all
discernible chemiluminescence decay in our samples
but some high results still are obtained and the
counting efficiency is lowered slightly. The use of
ascorbic acid (0.05 m-t 15% solution in tritium-free
water added to 10 ml sample) has been found to eli-
minate all decay, give high counting efficiency and
consistently correct results. Tightly sealed vials
tend to collapse slightly within a day or two of
preparation, probably as a result of the consumption
of residual oxygen by the ascorbic acid. This is
readily circumvented by loosening and resealing the
vial caps about 20 hours after preparation and cool-
ing.
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3.21.2 Determination of Counting Efficiency

It is not possible to determine counting effi-
ciency of a gel-type scintillation mixture by adding a
known amount of HTO after the sample has been counted.
In the past we have "spiked" a few duplicate samples
in each run at time of preparation. This is not satis-
factory if there is much variability in counting effi-
ciency from sample to sample. Further, the use of
spikes involves high tritium concentrations which al-
ways present a contamination hazard for low-level
work. Horrocks (Int. J. App. Rad. Isot. 27, pp. 369-
372, 1976) has shown that the unstable calibration
curves obtained when the external standard ratio tech-
nique is applied to gel-type samples in polyethylene
vials is due to a gradual increase in count rate in
the low energy part of the external source spectrum
as the aromatic hydrocarbon of the scintillation
cocktail diffuses into the plastic vial. He points
out that this can be avoided by using only the high
energy portion of the spectrum. We have obtained a
stable calibration curve relating the mean tritium
counting efficiency observed in a week-long counting
run to the external gamma source count in a high
energy window taken at the end of the run. The gamma
window is adjusted to accept the upper 30% of the
13333 spectrum. A linear relationship is observed
from 9 to 19% tritium counting efficiency, the range
of interest. There is no evident advantage to cali-
brating efficiency against the ratio of external
gamma counts in two energy windows as is commonly
done.

3.22 ENVIRONMENTAL IMPACT ASSESSMENT - I.L. Ophel

The Environmental protection Working Party,
formed under the auspaces of the AECL R and D Program
Committee, held its first meeting in Toronto on 25
November 1976. Members from CRNL and WNRE and obser-
vers from Environment Canada and Ontario Hydro were
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3.22 ENVIRONMENTAL IMPACT ASSESSMENT (cont'd)

present. The group discussed the three specific tasks
assigned to it by the Environmental Protection and
Waste Management Steering Committee:

(1) To prepare a 'state of the art' summary
document which will describe the existing
levels of expertise, knowledge, funding
and manpower in the Canadian nuclear pro-
gram with respect to the research and
development necessary to support environ-
mental impact assessment studies.

(2) To review the present allocation of fund-
ing and manpower and recommend changes as
the requirements for changes are identified.

(3) To prepare generic Environmental Impact
Statements for the complete Canadian nuclear
program (to be completed five years from
now) .

It was agreed that a first draft of the summary
document should be ready for the next meeting in
March 1977. R.B. Lyon (WNRE) agreed to be editor of
this document. All working party members and observers
will contribute.

3.23 CESIUM-134 IN OTTAWA RIVER WATER - W.E. Grummitt and
G. Lahaie

Cesium-134 is formed by neutron capture in reac-
tors but is not present in weapons' fallout. It can
be detected in the Ottawa River below CRNL provided a
sufficiently large sample of water is collected and
measured. The table below gives some results for ^3
and 1 3 7Cs in water sampled 10 km above CRNL (Deep River)
indicates that 1/3 of the cesium is removed by the water
treatment process.



Cesium-134 and -137 in Ottawa_River Water
to

Deep River

Deep River

CRNL

Pembroke

Pembroke

Pembroke

Pembroke

Collection period

April 1976

April 1976

Dec./Feb. 1976

Mar./Aug. 1975

Dec. 197 5

Mar. 1976

July 1976

Volume
I

100

100

20

103

18

18

18

Water treatment

filtered*

unfiltered

unfiltered

unfiltered

unfiltered

unfiltered

unfiltered

^ C S

pCiA

52 x 10"3

-

55 x 10~3

0.027

0.034

0.082

0.075

pciA

0.10

0.15

0.16

0.21

0.32

0.21

0.41

134/137Cs

50.02

-

<0.03

0.13

0.11

0.40

0.18

•Sampled after water treatment plant

a
M
M

I-1
W

H
13

I
to

I

VI

I

nos
ft
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3*23 CESIUM-134 IN OTTAWA RIVER WATER (cont'd)

It would be useful to be able to relate l 3 4Cs in
the river to the quantity released from the Process
Outfall. Work is in progress to delineate and elimi-
nate sampling and other errors involved in the mea-
surement of this "source term".

3.24 EXAMINATION OP SOIL SAMPLES PROM PORT HOPE, ONTARIO
- W.E. Grummitt and G. Lahaie

Eleven soil samples from the town of Port Hope
were analyzed at the request of the; Atomic Energy
Control Board for 2 3 8U, 2 2 6Ra, 2 2 2Rn daughters, 2 3 2Th,
228Th, and 2 2 7 A C by gamma ray spectrometry. Radium-226
was estimated by subtracting the 185 keV gamma ray of
2 3 5U from the photopeak total at this energy. The
correction amounted to 10 to 80% of the 185 keV peak.
Three of the samples showed excess 2 2 6Ra over 2 3 8U
and three were deficient in 2 2 6Ra. Thorium-232 was
within the range observed for uncontaminated soils.
In most cases 2 2 7Ac was present in excess over the
235u in the sample.

230
It is possible to determine Th in a 20 gram

sample by counting the 68 keV gamma ray with a small,
high resolution Ge(Li) detector (500 eV PWHM). In
most of the surface samples from Port Hope 2 3 0Th is
present in excess (up to 30 times) over the 2 3®u.
Also, at the surface, i J UTh and £A'Ac are in the &ame
ratio as they were in the original ore (1/0.046).

The rate of emination of 2 2 2Rn from these sam-
ples is rather low. The average loss is 5% (95% re-
tention of 2 2 2Rn in the soil), and no significant
difference has been observed between wet and dry con-
ditions.
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3.25 MONITORING OF LAND GAMMA BACKGROUND RADIATION - W.E.
Grummitt

Land gamma surveys were carried out in the re-
stricted area of CRNL and on Highway 17 up to 30 km
from the village of chalk River, using a sensitive re-
cording instrument mounted on a vehicle. The re'sults
in the restricted area are affected by the presence of
known radiation sources in storage or in transit.
Surveys of the plant road and the Port Hope waste area
bypass road during the fall of 1976, when radioactive
soil was being transported by truck, showed no changes
in exposure rates over the period of measurement
(following table).

Land Gamma Surveys at CRNL

Public Area
Chalk River to petawawa
Petawawa to Pembroke
Chalk River to Deep River

Restricted Area
1 Active Area
2 Inner Area
3 Outer Area

Main Stack Road
Mattawa Road east
Mattawa Road west
Plant Road
C2 Fire Trail
Sandspit Road
Port Hopa waste area

bypass

Average gamma radiation
[xR/h

1975

8.0
9.0
7.6

39
-

28*
7.6
7.2
IS
6.6
-
-

1976

8.7
9.5
7.9

37
12

12
7.1
6.7

11
5.5
6.8
7.1

present during measurement
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3.26 GAMMA EXPOSURE RATES AT THE CRNL BOUNDARY - W.E.
Grummitt

Thermoluminescent dosimeters placed at the peri-
meter of the CRNL exclusion area are used to measure
mean exposure rates and the annual integrated exposure.
Results for 1975 and for the third quarter of 1976
give the sum of contributions from CRNL and natural
gamma radiation. The CRNL portion can be estimated
by subtracting the contribution from natural gamma
radiation from the values given below. Natural back-
ground varies throughout the year due to shielding
from soil moisture and snow cover. Measurements with
a dose rate meter give an average value of 5.7 jxR/h
at the ten sites for the third quarter of the year
(range 5.4 to 7.4 |jR/h) .

Argon-41 exposure rates at the boundary of the
exclusion area range from < 0.2 to 8 pR/h with high-
est values being observed at sites along the Ottawa
River. Argon emission was lower in 1976 than in
previous years as parts of NRU reactor are now cooled
with CO5 rather than air.
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3.26 GAMMA EXPOSURE RATES AT THE CRNL BOUNDARY (cont'd)

TLD Gamma Exposure Rates in Public Area*
(MBA)

Location
(See Figure 3)

1

2

3

4

5

6

7

8

13

Harrington Bay**

Deep River

Third Quarter
1976

10.2

6.6

4.9

7.1

5.3

5.8

6.2

8.9

10.9

8.6

7.1

1975
Average

13.8

8.4

5.3

8.4

6.9

6.3

8.7

11.3

10.6

9.3

9.8

*Sum of natural background and airborne contamination
from CRNL. The contribution from cosmic radiation
has been estimated by exposing controls in a shielded
castle in the basement of Bldg. 513 and subtracting
the reading on the controls from the total observed
at other stations. This method may underestimate the
cosmic ray component by ~* 2

**Harrington Bay, P.Q., 11 km east from plant stack.
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3.27 GAMMA EXPOSURE PATES IN THE EXCLUSION AREA - W.E.
Grummitt

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

TLD Gamma Exposure Rates in Exclusion Area (1976)

Location
(See Figure 4)

9

11

9 office*

First
Quarter

33

18

14

Second
Quarter

-

11

14

Third
Quarter

26

12

14

1975
Average

34

16

21

*First floor office in Bldg. 513. Shielding factor for
4^Ar gamma ray is ~ 12. Background in the room due to
brick and concrete construction materials is 13

3.28 OFF-SITE MONITORING - W.E. Grummitt

Precipitation samples collected from Deep River
werr analyzed radiochemically for 90Sr and spectro-
metrically for "7~cs an(j 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
9^Sr. The results are shown in Figure 1. The main
source of activity in these samples continues to be
we apons' fa1lout.
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3.29 LIQUID EFFLUENT MONITORING - W.E. Grummitt

At CRNL, three liquid effluent streams dis-
charge 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 nuclides. The mean daily releases
from the Process Sewer are given in the table for
the third quarter of 1976. Most of the radionu-
clides are measured by gamma ray spectrometry•

Perch Creek (see map, Figure 3), draining
Perch Lake and the Disposal Areas, also flows
into the river and is samjrled regularly. The
total amount of radioactivity discharged from
CRNL per day is calculated from the measured
flow rates and radionuclide concentrations in
individual streams (see Figure 2).
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3.29 LIQUID EFFLUENT MONITORING (cont'd)

Mean Daily Release from the Process Sewer

Radionuclides

Sr

137,,
Ca

144Ce

1 0 6R«

1 4 0Ba

' 1 3 1I

2 3 9Np

95,,

zr
54Mn

4 6Sc

59Fe

65zn

60Co

Dailv ]
mCi/d

4.4

9.1

59.4

1.3

94.4

56.7

62.7

86.6

10.2

9.5

5.8

15.2

6.3

Release
MBq/d

160

340

2200

47

3490

2100

2320

3210

378

350

210

560

230
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3.30 LIQUID DISPOSAL AREA - W.E. Gruranitt

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 ^Sr, -"S and
3H as well as quarterly for gamma emitting radionuclides.
Strontium-90, 60Co and 3H are still the main contami-
nants in the Perch Lake basin.

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

Average concentrations of tritium in streams with-
in the exclusion area are given in the table together
with the amount released during the third quarter of
1976.

Tritium in Streams in the Exclusion Area

Process Sewer

Sanitary Sewer

04 Storm Sewer
(Plus 04A)

Perch creek

Duke Stream*

Third Quarter 1976

Concen
M.Ci/-t

0.036

0.049

0.019

0.09

6.3

tration
kBqA

1.3

1.8

0.70

3.3

230

Quart
rele

Ci

480

2.6

9.8

10.4

51

erly
ase

GBq

1.8 x 104

96

360

390

1890

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

3.32 SURVEY SUMMARY - W.E. Grummitt

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

BARRY, P.J. and E. ROBERTSON. A brief review of the
principal results of the Perch Lake evaporation
study, pp. 103-125 in Canadian Hydrology Symp. '75
Proc. NRC, Ottawa. NRCC NO. 15195.

FRITZ, P.1, P.W. RENDER3, R.M. BROWN and R.J. DRIMMIE1.
Environmental isotopes in the groundwater of the
upper carbonate aquifer in central Manitoba, pp.
370-376 in Canadian Hydrology Syrop. '75 Proc. NRC,
Ottawa. NRCC No. 15195.

FRITZ, P.1, E.R. REARDON1, J.A. CHERRY1, R.W.D. KILLEY1,
D.C. McNAUGHTON1 and R.M. BROWN. Carbonate and car-
bon isotopes in the groundwater of a small sand-till
aquifer at Chalk River, Ontario (Abstract), p. 41 in
Program with Abstracts Vol. 1, Geological and
Mineralogical Associations of Canada, '76 Annual
Mtg. Edmonton, Alberta.

CHERRY, J.A.1, R.W. GILLHAM1, E.O. FRIND1 , P. FRITZ1,
R.J. BLACKPORT1 and R.M. BROWN. Groundwater con-
tamination from agricultural activities in a small
sandy watershed near Lake Erie in southwestern
Ontario (Abstract), p. 49 in Program with Abstracts,
Vol. 1, GAC/MAC, '76 Annual Mtg. Edmonton, Alberta.

MATTHESS, G.3, P. FRITZ1 and R.M. BROWN. Deuterium
and oxygen-18 as indicators of groundwater pollu-
tion by solid wastes. Sonderdruck aus Deutsche
Gewasserkundliche Mitteilungen 20(2): 37-43.
[IN GERMAN]

FRITZ, P.1, G. MATTHESS3 and R.M. BROWN. Deuterium
and oxygen-18 as indicators of leachwater movement
from a sanitary landfill, pp. 131-142 in Interpre-
tation of Environmental Isotopes and Hydrochemical
Data in Groundwater Hydrology. IAEA, Vienna.

University of Waterloo, Waterloo, Ontario
3Manitoba Department of Environment, Winnipeg, Manitoba
3Kiel University, Kiel, Germany
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3.33 PUBLICATIONS (cont'd)

GRUMMITT, W.E. and J.R.A. JOfTNSON. A review of the
Proceedings of the San Francisco Symposium on
Transuranium Nuclides in the Environment. AECL
Unpublished Internal Report.

GRUMMITT, W.E. Transfer of cobalt-60 to plants from
contaminated soils, in Radioecology and Energy Re-
sources. Dowden, Hutchinson & Ross Inc.

MERRITT, W.P. Trace element composition of ground
water from the Perch Lake basin determined by in-
strumental neutron activation analysis (Abstract),
p. 49 in Program with Abstracts, Vol. 1, GAC/MAC,
'76 Annual Mtg. Edmonton, Alberta.

GRISAK, G.E.1 and W.F. MERRITT. Ground water velocity-
measurements by point dilution using a non-radioactive
tracer (Abstract), p. 54 in Frogram with Abstracts,
Vol. 1, GAC/MAC, '76 Annual Mtg. Edmonton, Alberta.

JACKSON, R.E.S, W.F. MERRITT, B.A. RISTO and K.J. INCH3.
Field methods for sampling contaminatsd groundwaters
and aquifer materials in use at the Chalk River Nu-
clear Laboratories (Abstract), p. 54 in Program with
Abstracts, Vol. 1, GAC/MAC, '76 Annual Mtg. Edmon-
ton, Alberta.

WALLACE, R.R.3, H.B.N. HYNES4 and W.F. MERRITT. Labora-
tory and field experiments with Methoxychlor as a
larvicide for Simuliidae (Diptera). Environ. Pollut.
10: 251-269.

MERRITT, W.F. The leaching of radioactivity from highly
radioactive glass blocks buried below the water
table: Fifteen years of results, pp. 27-35 in
Management of Radioactive Wastes from the Nuclear
Fuel cycle, vol. II. IAEA, Vienna.

Alberta Environment, Lethbridge, Alberta
sEnvironment Canada, Ottawa, Ontario
3Freshwater Institute, Winnipeg, Manitoba
4University of Waterloo, Waterloo, Ontario
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3.33 PUBLICATIONS (cont'd)

MERRITTt W.F. Trace element content of precipitation
in a remote area, pp. 75-87 in Measurement, Detec-
tion and Control of Snvironmental pollutants. IAEA,
Vienna.

OPHEL, I.L. Environmental considerations in the Cana-
dian nuclear power program (Abstract), pp. 19-21 in
L'Energie Nucleaire; Ses impacts Sur 1'Environnement.
Universite du Quebec a* Trois-Rivie"res, Trois-
Rivieres, Quebec.

GAY, B., M.J.B. La CROIX and I.L. OPHEL [Editors],
Low-grade heat: ,A resource in cold climates. Proc.
of Workshop held at Chalk River Nuclear Laboratories,
6-10 October 1973. Atomic Energy of Canada Limited,
Report AECL-5322. 598 pp. [2 vol. set]

OPHEL, I.L. Low-grade heat: A resource in cold climates
(Abstract). 1st Nat. conf. on Industrial Energy
Conservation, Toronto, Ontario.

OPHEL, I.L. and M. HOPPENHEIT1 with the assistance of
R. ICHIKAWA2, P. METALLI3, Y. NISHIWAKI*, M. SAIKI2

and W.L. TEMPLETON5. Panel Report: Effects of ioniz-
ing radiation on aquatic organisms. Chapter 2, pp.
57-86 in Effects of Ionizing Radiation on Aquatic
Organisms and Ecosystems. Technical Report Series
No. 172. IAEA, Vienna.

OPHEL, I.L. and J.M. JUDD. Effect of food composition
on the accumulation by fish of strontium and calcium
from food and water, pp. 218-222 in Radioecology and
Energy Resources. Dowden, Hutchinson & Ross Inc.

Biologische Anstalt Helgoland, Hamburg, Wustland, West
Germany

3National Institute of Radiological Sciences, chiba-shi,
japan

3Laboratorio di radiobiologia animale, Roma, Italy
4 International Atomic Energy Agency, Vienna, Austria
5Battelle pacific Northwest Laboratories, Richland,
Washington
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3.33 PUBLICATIONS (cont'd)

OPHEL, I.L. Book Review: Advances in Radiation Biology,
Vol. 5, (Edited by John T. Lett and Howard Adler).
The Quarterly Review of Biology 51(2): 358.

ROBERTSON, E., D.P. WILDSMITH and P.C. JAY. Energy,
water and tritium budgets for Perch Lake: 1974.
Atomic Energy of Canada Limited, Report AECL-5380.
18 pp.

JAY, P.C. Heating- and growing-degree-days at Chalk
River Nuclear Laboratories. Atomic Energy of Canada
Limited, Report AECL-5547. 22 pp.

WILDSMITH, D.P. Soil temperatures at chalk River Nuclear
Laboratories. Atomic Energy of Canada Limited, Report
AECL-5537. 39 pp.

3.34 VERBAL PRESENTATIONS

3.34.1 Presented Papers

FRITZ, P.1, J. BARKER1, J.A. CHERRY1, E.J. REARDON1

and R.M. BROWN. Methane in ground water, remarks
on its chemistry and isotopic composition. Pre-
sented by p. pritz at 4th European Colloquium of
Geochronology, cosmochronology and Isotope Geology,
Amsterdam, Holland, 5-10 April.

CHERRY, J.A.1, R.W. GILLHAM1, E.O. FRIND1, P. FRITZ1,
k.J. BLACKPORT1 and R.M. BROWN. Ground water con-
tamination from agricultural activities in a small
sandy watershed near Lake Erie in southwestern
Ontario. Presented by P. Fritz at GAC/MAC, '76 An-
nual Mtg., Edmonton, Alberta, 19-21 May.

1 University of Waterloo, Waterloo, Ontario
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3.34-1 Presented papers (cont'd)

FRITZ, P.1, E.R. REARDON1 , J.A. CHERRY1, R.W.D. KILLEY1,
D.C. MCNAUGHTON1 and R.M. BROWN. Carbonate and
carbon isotopes in the ground water of a small sand-
till aquifer at Chalk River, Ontario. Presented by
R.W.D. Killey at GAC/MAC '76 Annual Mtg., Edmonton,
Alberta, 19-21 May.

MERRITT, W.F. Trace element content of precipitation
in a remote area. Presented at IAEA Int'l Symp. on
Development of Nuclear-Based Techniques for Measure-
ment Detection and Control of Environmental Pollu-
tants, Vienna, Austria, 15-19 March.

MERRITT, W.F. The leaching of radioactivity from
highly radioactive glass blocks buried below the
water table: Fifteen years of results. Presented
at IAEA/NEA Int'l Symp. on Management of Radioac-
tive wastes from the Nuclear Fuel Cycle, Vienna,
Austria, 22-26 March.

JACKSON, R.E.2, W.F. MERRITT, ?.A. RISTO and K.J.
INCH2 . Field methods for sJ-t.ipling contaminated
ground waters and aquifer materials in use at the
Chalk River Nuclear Laboratories. Presented by
R.E. Jackson at GAC/MAC '76 Annual Mtg., Edmonton,
Alberta, 19-21 May.

MERRITT, W.F. High-level waste glass: Field leach
test. Presented at American and Canadian Nuclear
Societies Annual Mtg., Toronto, Ontario, 13-18 June.
INVITED

GRISAK, G.E.3 and W.F. MERRITT. Ground water velocity
measurements by point dilution using a non-radioactive
tracer. Presented by G.E. Grisak at GAC/MAC *76
Annual Mtg., Edmonton, Alberta, 19-21 May.

University of Waterloo, Waterloo, Ontario
3Environment Canada, Ottawa, Ontario
3Alberta Environment, Lethbridge, Alberta
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3.34.1 Presented Papers (cont'd)

OPHEL, I.L. Low-grade heat: A rescnirce in cold
climates. Presented at 1st Nat. Conf. on Indus-
trial Energy Conservation, Toronto, Ontario,
5-7 May. INVITED

3.34.2 Lectures or Seminars

BARRY, P.J. participated in a Monitoring and Assess-
ment Research centre workshop entitled "Monitoring
and Assessment Research centra Program Evaluation
Committee", London, England, 13-28 September.
INVITED

BARRY, P.J. Long-term and global problems of radio-
active contamination of the environment. Presented
at CRNL, 2 December. INVITED

BROWN, R.M. Participated in an International Atomic
Energy Agency consultants' Meeting entitled "Stable
Isotope Standards and Intercalibration in Hydrology
and Geochemistry", Vienna, Austria, 8-10 September.
INVITED

McMAHON, .'.W. Thermal enrichment studies at Chalk
River Nuclear Laboratories - The influence of depth
of discharge of heated water on plankton produc-
tivity. Presented at IAEA Resea.rch Coordination
Meeting, CRNL, Chalk River, Ontario, 9-11 June.

MERRITT, W.F. Trace element composition of a ground
water by ?u 'trument=l neutron activation analysis.
Discnssed at IAEA Auvisory Group Meeting on "Use
of Nuclear Techniques in water Pollution Studies",
Cracow, Poland, 6-9 December. INVITED



- 82 -

3.34.2 Lectures or Seminars (cont'd)

PICKENS, J.P.1, W.P. MERRITT and R.E. JACKSON2. Field
determination of the physical contaminant transport
parameters in ground water pollution studies. Dis-
cussed by W.P. Merritt at IAEA Advisory Group Meet-
ing on "Use of Nuclear Techniques in Water Pollution
Studies", Cracow, Poland, 6-9 December. INVITED

JACKSON, R.E.2, D.R. CHAMP, J. GULENS, K.J. INCH3 and
W.P. MERRITT. Geochemical controls on the mobility
of radiocontaminants in a shallow aquifer. Dis-
cussed by R.E. Jackson at IAEA Advisory Group Meet-
ing on "Use of Nuclear Techniques in water Pollution
Studies", Cracow, Poland, 6-9 December. INVITED

OPHEL, I.L. Participated in an IAEA Advisory Group
Meeting on "Site Selection, Operation, Control and
Decommissioning of Low- and intermediate-Level
Radioactive Waste Burial Grounds'/ Madrid, Spain,
15-19 November.

3.34.3 Local Talks

BARRY, P.J. Meteorology and atmospheric dispersion.
Presented to instructors from Hydro-Quebec, Nuclear
Training Centre, Gentilly, Quebec at CRNL, 25 March.

BARRY, P.J. Hydrogeology of the Perch Lake basin.
Presented to University of Waterloo Field School
participants and observers at CRNL, 2-8 May.

BROWN, R.M. Activities of the Environmental Research
Branch. Presented to concordia University students,
Montreal, Quebec at CRNL, 26 March.

1 University of Waterloo, Waterloo, Ontario
sEnvironment Canada,Ottawa, Ontario
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3.34.3 Local Talks (cont'd)

GRUMMITT, W.E. Environmental monitoring. Presented
to instructors from Hydro-Quebec, Nuclear Training
Centre, Gentilly, Quebec at CRNL, 25 March.

GRUMMITT, W.E. Environmental monitoring. Presented
at 18th Annual Health physics Course at CRNL,
4-8 October.

McMAHON, J.W. Nuclear power and the environment.
Presented at Canadian Forces Nuclear, Biological
and Chemical Staff officers' Course at CRNL,
11 March.

J.W. waste heat studies. Presented to in-
structors from Hydro-Que'bec, Nuclear Training Centre,
Gentilly, Quebec at CRNL, 25 March.

McMAHON, J.W. Thermal discharges in a northern
environment - Possible effects and beneficial uses.
Presented at ERDA Biomedical and Environmental Pro-
gram Directors' Meeting at CRNL, 26-27 May.

MERRITT, W.F. Radioisotopes: How they apply in physics,
chemistry and biology. Presented at Science Teachers'
Seminar at CRNL, 27-28 February.

MERRITT, W.F. Use of tracers in the calibration of
stream flow. Presented to University of Waterloo
Field School participants and observers at CRNL,
2-8 May.

MERRITT, W.F. Monitoring for waste management at CRNL.
Presented at 18th Annual Health Physics Course at
CRNL, 4-8 October.

OPHEL, I.L. Environment and man. Presented at 18th
Annual Health Physics Course at CRNL, 4-8 October.

OPHEL, I.L. Port Hope wastes. Presented at 18th
Annual Health Physics Course at CRNL, 4-8 October.
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3.34.3 Local Talks (cont'd)

OPHEL, I.L. Food-chains. Presented at Science
Teachers' Seminar at CRNL, 27-28 February.

OPHEL, I.L. and J.M. JUDD. Radioecology. Presented
to instructors from Hydro-Quebec, Nuclear Training
Centre, Gentilly, Quebec at CRNL, 25 March.

OPHEL, I.L. Effects of thermal discharges and uses
of waste heat. Presented to Ontario Royal Commission
on Electrical Power Production at CRNL, 26 March.

OPHEL, I.L. Environmental pathways of radionuclides.
Presented at AECL Board of Directors' visit at
CRNL, 11 May.

OPHEL, I.L. Environmental pathways of radionuclides.
Presented at ERDA Biomedical and Environmental
Program Directors' Meeting at CRNL, 26-27 May.

OPHEL, I.L. Work of the Environmental Research Branch.
Presented to Summer Student Guides at CRNL, 22 June.

3.35 INVITED SPEAKERS

Dr. A. Friedman, chemistry Department, Argonne National
Laboratory, Argonne, Illinois, U.S.A. - "Study on
migration of plutonium and americium in soils" at
CRNL, 5 February.

Dr. D.F.W. Pollard, Petawawa Forest Experiment Station,
Environment Canada, chalk River, Ontario - "Report
on a recent visit to biological research institutes
in China" at CRNL, 22 January.



- 35 -

0.4

0.2 ~

RQLPHTON 1 3 7 C s

T 15 i . 2

li.6

L I I ! I I I I I

ROIPHTOH 9 c i i r

E

I F M A M J J K S O N D J F M A i i J i A S Q N D

0. 4

p C i / i

0 .?

DEEP RIVER

l l i l I I l [ l i i

15 1

pCi

0

.2

n

.6

-

i i i

DEEP R I V E R

ru
i i i

9"Sr

r
i i i

50

J F, M k M J J » S 0 N D

D.4

pCi/J

0.2

PEMBROKE

l i i i

15

cr

1.2

pCi / i

0.6

PEMBROKE
-150

1 1 1 1

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

FIGURE 1 OTTAWA RIVER WATER



- 86 -

800

400
nj

KOHIIUl /3

run - |30 12

mCi/d g

•J—'—L. i i i i i i i i

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

m C i / d

1 3 7 C s

n _r
3 -

500

mCi 'd

40

30

20

10

J F M * M J i

. 109

144-,

o u N 0

1500

i i i l l i l i i i

J F M A M 1 J A S 0 N D

10B

J F M A M J J A S 0 N D

m C i / d

40

30

20

10

p i

-

-

-

-

1 3 1 1

i i

-

1 1 1 1

i o r

—i 1500

mg/rt

239P u

I I

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

FIGURE 2 RADIONUCLIDES DISCHARGED TO OTTAWA RIVER



"—\f

Oi;t~ irea of AECL Chalk

Nuclear Laboratories

Figure 3.



- 89 -

POPULATION RESEARCH BRANCH

by

Howard B. Newcombe

4.1 Staff (October - December 1976)

4.2 Aims of the Branch

TUMOUR INDUCTION IN MAMMALS

4.3 Synergistic 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

4.7 AECL-UBC collaboration — other work started at AECL

4.8 Collaboration with other outside agencies

PUBLICATIONS AND INVITED SPEAKERS

4.9 Publications

4.10 Verbal presentations
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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 of 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 CARCINOGENSSIS -
H.B. Newcombe and J.F. McGregor

A long-term study with male white rats (Charles
River CD strain) has been in progress since April 1973,
to see whether ionizing radiation in combination with
certain environmental carcinogens, such as cigarette tar
and a dye called 2-anthramine, would increase the cancer
risk to an extent that would fit the doubling dose concept
of synergism, as proposed by Gofman and Tamplin. This
special use of the doubling dose concept is currently
thought to greatly overestimate the radiation effect where
the natural incidence of cancer is high (ICRP No. 14).

The current experiment has been carried out in three
phases, each of 18 months duration: 1) The first
involved single localized exposures of the skin to beta
rays alone, using doses ranging in twofold steps up to
12,800 rads, and 100 animals in each exposure group, to
determine a suitable dose with which to test for syner-
gism; 2) The second consisted of painting the skin of
200 animals with 40% cigarette tar in acetone, three
times a week, with removal of the skin barrier (stratum
corneum) at bi-monthly intervals in half the number of
animals so as to facilitate penetration of the tar to
the basal cells of the skin; in another set totaling 48
animals, 1%, 0.5% and 0.25% solutions of 2-anthramine
in acetone were applied to the skins twice weekly; 3)
The third phase involved a combined treatment of 200
animals with radiation followed by cigarette tar, and
of 48 animals with radiation followed by anthramine
(split into three groups) with the chemical treatment
immediately following the irradiation. This third phase
is continuing and is about one year away from completion.

Two separate supporting experiments have been
performed. One tests the tumorigenic effect of cigarette
tar when it is applied to the skin during the latent
period of tumour induction by radiation; the other
compares the frequencies of radiation-induced tumors
in rats with normal coats of hair and in rats that are
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genetically hairless. The former test was designed to
detect the effect of cigarette tar on tumours that are
growing but not yet visible; the latter has to do with
the validity of extrapolating tunour incidences
from rat to man, in view of the difference in number
of hair follicles.

Results from the first phase (irradiations alone)
have indicated three separate peaks in the response
curve, relating to three distinct tumour types; i.e.
there were 90% of animals with benign tumours following
1600 rads, 20% with subcutaneous tumours following
3200 rads, and 34% with epidermoid cancers following
6400 rads. The dose-response curves are similar to the
"bell-like" shapes described in UNSCEAR (1972) for high
LET radiations and skin tumours. Confidence limits
when applied to the points on the ascending portion of
the curves indicated no significant deviations from
linearity; the declining portions of the curves are
explicable in terms of cell death rather than in reduc-
tion of the number of animals at risk. The radiation
dote of 1600 rad (16 Gy), which also produced about 22%
epidermoid cancer's, was chosen as the test dose for
syngergism. )

Results of the third phase (combined treatments)
to date, i.e. eight months after the treatments began,
have shown: 1) Average tumour incidences (total tumours
/survivors) of 0.56, 1.04, and 0 for radiation plus
cigarette tar, radiation alone, and cigarette tar alone,
respectively; the difference is significant (p <0.001)
when the combined treatments are compared with the
separate treatments summed, but the direction is
opposite to that predicted. 2) Average tumour incidences
of 5.61, 1.04, and 0.34 were observed for radiation plus
anthramine, irradiation alone, and anthramine alone (data
for the three doses pooled), respectively; these data
obviously show a synergistic effect for the combined treat-
ment with radiation and anthramine. However, a firm
conclusion cannot be drawn from these latter results, for
two main reasons: first, the cigarette tar significantly
increased (p <0.01) the normal number of radiation burns, in
which a substantial number of cells, including potential
tumour cells, would be lost through ulceration. Although
this effect rules out an assessment of synergism for
benign tumours, it does not do so for malignant tumours;
in fact, the subsequently healed skin, with its abnormal
cellular structure (ciratrix) indeed favours the produc-
tion of epidermoid cancers (Gliicksmann, 1963). For this
reason, this part of the experiment is being continued.
Second, because 2-anthramine is a skin carcinogen with
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a long latent period in the rat, it is not inconceivable
that the later appearance of tumours in the "anthramine-
alone" group might possibly remove, or at least substan-
tially reduce, the wide difference in tumour frequencies
presently observed.

Results of the first supporting experiment, in
which the cigarette tar was applied two months following
the irradiation (other parameters being the same as in
the main study), have shown significant and consistent
increases in tumour production over the irradiated group.
For the benign tumours, the mean difference increased
from 16.7%( p = 0.03) at two months after tarring began
to 136.8%(p <0.000001) at 8.5 months. Of the epidermoid
cancers to date, i,e., at 17 months after tarring started,
there have been nine in the irradiated-and-tarred
group, and 4 in the irradiated-only group (the number
of survivors was about equal in the two groups). Not
only do these data for benign tumours confirm the results
of earlier but smaller experiment (McGregor, J. Natl.
Cancer Inst., 56, 429, 1976), but the results now show
that for malignant tumours, which were not studied in
the earlier work, the effect is in the same direction.
Details of this work will be submitted for publication
in 1977.

Results from the second supporting experiment, in
which a comparison of radiation-induced tumours is being
made between rat skin with normal hair and rat skin that
is genetically "hairless", are not yet available. The
purpose of this study is to determine whether there are
significant differences in tumour production between the
two kinds of skin (with a view to the possible effect
of hair follicle density, and the validity of extrapol-
ating from rats to man; see Report No, 6, Radiobiology
forum on radiological protection and the skin, 1972). (1)

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

When routine manual linkages and computer linkages
were compared, it was found that those carried out by
the computer were considerably more accurate. This test
of the accuracy and efficiency, of a computer operation
in which some 324,000 ill-health records were linked to

11 Brit. J. Radiol. 45, 610-620, 1972
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one million birth records, was made possible because
under existing1 routine procedures in British Columbia
some 46,000 of the same "health surveillance" and death
records had also been linked manually in that province
to the 1946-70 birth registrations.

The death tapes used here contained some duplicate
entries of the same event, e.g. for cross-referencing
purposes, .so after the linkage operation had been
completed all but one of the duplicate death entries for
each event had to be eliminated from the files in order
to make the required comparison. The death entry retained
in each case was either a) the one that had linked most
strongly to a birth, or b) if there was no linkage, the
original entry for the death.

The records for which both a manual and a computer
linkage had been carried out, or had been attempted, were
then grouped into five categories in which: 1) the
computer-derived and the manually-derived birth regis-
tration numbers both agreed (95.74%); 2) the computer
and the manual searcher disagreed (1.83%); 3) only the
computer succeeded in finding a birth record (0.79%);
4) only the manual searcher succeeded in finding a birth
record (1.43%); and 5) neither the computer nor the
human searcher had found a birth record, but the birth-
place was stated as British Columbia and the event
occurred in the period 1946-70 (0.21%).

A visual examination was made of over 2300 ill-
health records where the manually-derived and the computer-
derived numbers.did not agree. The computer, it was found,
is far less prone to the inconsistencies, and errors
of transcription and transposition, that reduce the
reliability of the human clerk. Using three alternative
sort sequences, it is estimated we were able to bring
together by computer 98-99% of all potentially linkable
pairs of ill health and birth records.

Some of the problems that caused linkages to be
missed by the computer were found to relate to the quality
of the data collected on the original documents, and
also the rules used for keypunching this information
into machine readable form. For example, the keypunching
of split double surnames in variable format made it
difficult to distinguish the surname from a first fore-
name. The day and month of birth tended to be stated
in reverse order mainly on health surveillance registry
records where the date is specified as month, day,
and year. Sometimes the discrepancies were such that
even the three sort sequences selected for linkage
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failed to bring potentially linkable pairs of records
together for" comparison. However, more of the potential
linkages were achieved by the computer than by its
human counterpart.

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

The following have been edited, verified and reform-
atted: a) records of all deaths that occurred in British
Columbia between 1946 and 1970 relating to individuals
under age 20 born in the province since 1946, b) those
of the B.C. Health Surveillance Registry to the end of
1972, and c) selected 1961-70 hospital admission-
separation records for children under ten years of age.
Altogether, these relate to about 324,000 events. Ill-
health records that did not link to a birth (i.e. using
the three different sorting sequences, namely, single
Soundex birthdate, Soundex forename, and birthdate alone)
were linked to each other with the chronologically
earliest ill-health record being taken as the senior
event record in an individual health history.

After these linkages, "extended" format records
(containing information from the name and statistical
punch card records for the events of ill health and for
the births of individuals) were then prepared. A
computer program was written to pick out duplicate entries
on the death file, the records were sorted into cumulative
health histories, and a back-up copy of this magnetic
tape was prepared.

Because of the large size of the linked extended
format records (160 characters per event), summaries
of these records (one "z-history" per individual, with 4 0
characters per event) were prepared for use in subsequent
extraction of data.

In order to study the health impact of genetic
disease, two summary files were created: 1) a control
population file, and 2) the diseased population file for
all persons born in British Columbia with a health
surveillance record. Each registry record has an
aetiology code included, in addition to the particular
disease code, to indicate whether the disease is hered-
itary and if so its mode of inheritance, or whether it
has a known environmental cause. These summary individual
files will be used to prepare age-specific tabulations
relating to questions concerning the social burden of
ill health, e.g., age specific and cumulative rates of
onset of the disease, rates of hospitalization, and
rates of death.



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 linking vital and ill health records into
individual and family histories. A computer system to
link into family groupings a total of some 400,000
marriage records and about one million birth records,
relating to such events that occurred in B.C. between
1946-7 0', has been developed by Dr. B.K. Trimble and
Mr. Soo-Hong Uh for use on the IBM 370/168 computer at
the University of B.C. This system is based on methods
and rules that are similar to those devised earlier
at CRNL.

Two sample files were extracted for the development
and testing of the linkage programs. The first file
consisted of the very large double Soundex code pockets
plus a number of "troublesome" pockets of oriental
names,and the second file consisted of all surnames
starting with the letter I. Manual comparisons were
used to estimate the expected error rates for false
linkages and missed true linkages when the thresholds for
acceptance of a record pair as being linked were set at
total weights of 0 and +8. Possible links were defined
as pairs of records generating total weights between 0
and +7, non-links were taken as having less than 0, and
the remaining pairs with positive weight greater than
+7 are regarded as genuine links.

Birth records, that either failed to link to a
marriage record or were only "possible links", were then
compared to each other so as to generate family groupings
where a birth record serves a head-of-family event
instead of the marriage record. The final linked files
are structured so that the threshold for acceptance of
a linkage can be assigned any value between 0 and +8
depending on the desired level of accuracy for a given
investigation.

Altogether about 49% of all births linked to a
marriage record and, of those that did not, 60% linked
to another birth. Using a threshold of 0, it is
estimated that less than 1.5% of pairs accepted as linked
are, in fact, false or incorrect linkages, and less
than 0.4% of genuinely linked pairs are incorrectly
classified as non-links; the same values at a threshold
of +8 are 0.1 and 1.8% respectively.



- 97 -

4.7 AECL - UBC COLLABORATION — OTHER WORK STARTED
AT AECL

A proposal for a three-year study to examine the
relationship between maternal irradiation histories and
the risks of giving birth to a child with Down's
syndrome was drawn up «>arlier at CRNL by Dr. B.K. Trimble.
This project was initiated at UBC in 1975, and further
funding in the amount of $33,000 was approved by the
Atomic Energy Control Board for continuation of this
work.

4.8 COLLABORATION WITH OTHER OUTSIDE AGENCIES

A report entitled "A Method of Monitoring Nation-
ally for Possible Delayed Effects of Various Occupational
Environments" was prepared earlier at CRNL at the
request of the biological Sub-Committee of the
Nationally Research Council's Associate Committe on
Scientific Criteria for Environmental Quality. This
report proposed that use be made of existing centralized
files of machine-readable records containing information
about employment histories, and of the vital and health
record systems, to monitor the whole of Canadian industry
for possible delayed effects on health and well-being.
It is understood that this proposed study will now be
sponsored by the National Cancer Institute of Canada,
and that the work is in progress.

PUBLICATIONS AND INVITED SPEAKERS

4.9 PUBLICATIONS

McGregor, J.F. - Tumour-promoting activity of
cigarette tar in rat skin exposed to irradiation.
J. Natl. Cancer Inst. 5£, 429-30, 1976

Newcombe, H.B. - Plan for a Continuing Follow-up
of Persons Exposed to Radiation in the Canadian
Nuclear Industry. AECL-5538, May, 1976. (35 pp).

Newcombe, H.B. - Methods for obtaining epidemiological
data for mutation risks estimation. (In press.)

Newcombe, H.B. - Public health aspects of radiation.
Document prepared for the Science Council Study on
"Policies and Poisons" (Method of publication to
be decided.)
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4.9 PUBLICATIONS (cont'd)

Smith, M.E. - The use of computers for studying the
origins and social costs of ill health. (In
preparation for the Proceedings of the MEDINFO77
Conference.)

4.10 VERBAL PRESENTATIONS

4.10.1 Lectures or Seminars

Newcombe, H.B. - Medical record linkage, epidemiology
and genetics. Presented as part of a session on
Medical Record Linkage at the Seventh International
Congress on Medical Records, Toronto, 12-17 September,
1976. INVITED.

Newcombe, H.B. - Public health aspects of radiation.
Presented at a Science Council Workshop on
"Policies and Poisons", Ottawa, 1 September,
197 6. INVITED.

Newcombe, H.B. - Problems of assessing risks versus
mutations. Prepared for a workshop to discuss
and design new methods for assessing mutation in
mammalian systems, Bar Harbour, Maine, 6-8 October,
1976. INVITED..

Smith, M.E. - Record Linkage - the problem of bringing
the facts together. Presented to graduate students
at the University of Western Ontario, London, Ontario,
30 April 1976. INVITED.

Smith, M.E. - Patient identification required for
linkage of health records. Paper presented at
the first COACH (Canadian Organization for the
Advancement of Computer in Health) Conference,
Ottawa, Ontario, 25-27 May, 1976. INVITED.

4.10.2 Local Talks

Smith, M.E. - Career opportunities at Atomic Energy
of Canada Limited. Presented at "Career Day"
in Catholic High, Pembroke, Ontario, 24 November,
1976.
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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 Optimizing Conditions for Reaction of DNA with Glyoxal

5. 5 Distribution of Sites of Repair in Human DNA Following

Ultraviolet Light Irradiation

5. 6 Repair of Double-Strand Breaks in M. radiodurans DNA

5. 7 Yield of Double-Strand Breaks in M. radiodurans DNA

5. 8 Reversal of Oxygen-Enhancement Ratios by NEM

5. 9 Ionizing Radiation Damage to Micrococcus radiodurans Cell Wall

5. 10 A Method for the Detection and Measurement of a-Keto-

Aldehydes and a-Diketones

5. 11 Repair Pathways in Micrococcus radiodurans

5. 12 The Importance of a Pre-Replicative Re combinational Repair
Process in Schizosaccharomyces pombe

5. 13 Human Enzymatic DNA Repair; Defective Repair of y-Ray-Induced

Damage in Cells Cultured from Ataxia Telangiectasia Patients

GENETICS AND POPULATION STUDIES

5. 14 Sensitivity to UV Irradiation of Temperature-Sensitive Mutants
of Ustilago maydis Blocked in DNA Synthesis

*D. K. Myers became Head, Biology Branch effective 1 November, 1976
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DNA Condensation Studies

Control Mechanisms in the Cellular Metabolism of Ustilago maydis

Mutants of Bacteriophage T4 Unable to Grow on Streptomycin
Resistant Strains of Escherichia coli

Radiation-Induced Tumors in Rats

Assessment of Radiation Hazards to Human Populations

Publications

Verbal Presentations

5. 21. 1 Presented Papers
5. 21. 2 Lectures or Seminars
5. 21. 3 Local Talks

5. 22 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

DNA Replication and Repair in Fungi
P. Unrau

Bacteriophage T4 Genetics
J. D. Child s

Secretarial
C. L 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 assessment of the
genetic and carcinogenic hazards of low-level radiation to human
populations. Attention is given to the entire chain of events by
which the initial radiation-induced changes in the living cell are

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
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translated into significant biological effects. The most critical
target for damage by radiation or radiomimetic chemicals in the
environment appears to be DNA, the carrier of hereditary
information in all living cells. The harmful consequences of
this initial damage to DNA can be diminished 1000-fold or more
by 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 previously shown that DNA from many higher
organisms, including man, contains an unusual set of nucleotide
sequences comprising 20-200 adjacent pyrimidineSc These long
"polypyrimidine" segments have been studied most extensively
in mouse DNA, in which they have been found to be spaced at
fairly regularly intervals about 4000-6000 nucleotides apart.
Their function in the genetic apparatus is not known but because
they seem to occur widely in nature, we believe that polypyrimidine
segments are likely involved in some important cell function.

In order to study the spacing of polypyrimidines in DNA,
we have developed a technique in which a synthetic ribopolymer,
poly r(A, G), is mixed with radioactively labelled DNA and the
complex which forms is detected by=its ability to bind to hydroxy-
apatite . From the relationship between the length of the DNA
and the percentage bound to hydroxyapatite, we can deduce the
spacing of poly r(A, G)-complexing sites. In order to verify
that poly r(A., G) was binding to the polypyrimidine regions in
the DNA, nuclease SI was used to digest non-complexed DNA and
the residual DNA-poly r(A, G) was isolated by hydroxyapatite.
The latter DNA was depurinated and its content of pyrimidine
tracts was determined by polyacrylamide gel electrophoresis.
From several experiments of this type, we have been able to
show (1) that long polypyrimidines are present in poly r(A,G)-
complexed DNA and (2) that another unusual type of sequence.
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enriched in (pyr)g . . , is also present in DNA, probably in
the vicinity of the long polypyrimidines.

In order to study high molecular weight DNA by the poly
r(A, G)-complexing technique, it is essential to react the DNA
with a chemical, glyoxal, which blocks hydrogen-bonding by
guanine residues (see Section 5. 3). We attempted to simplify
the preparation of glyoxalated DNA of known size by first
reacting DNA with glyoxal and then separating DNA molecules
of different size by sucrose gradient sedimentation. This
procedure has proven to be very difficult because sedimentation
of DNA under conditions where glyoxalated guanine is stable
(i. e. neutral pH) led to aggregation of the DNA. This approach
to the problem of preparing sized, glyoxalated DNA has been
abandoned.

5. 4 OPTIMIZING CONDITIONS FOR REACTION OF DNA WITH
GLYOXAL - H. C. Birnboim, R. E. J. Mitchel, and J. J. Jevcak

To explore the organization of special base sequences in
mammalian DNA, we have utilized a technique in which these
sequences are complexed with various synthetic polynucleotides
(Section 5. 2). To prevent spontaneous reassociation of single-
stranded DNA, we have developed a chemical procedure which
modifies guanine residues. This selective modification of the
DNA allows the remaining bases to associate with the added
synthetic polynucleotide, but at the same time prevents most
of the self-association that single-stranded DNA may undergo.

Glyoxal is a simple dialdehyde which, under appropriate
conditions, will form a moderately stable adduct with guanine
but not the other three nucleic acid bases. Because of this
high degree of specificity, this agent has been useful for the
study of various types of nucleic acids. When used for blocking
guanine residues in DNA, however, the reaction was not very
reliable. We undertook to improve this reaction, since
glyoxalation of DNA was essential for the poly r(A, G)-binding
technique described in Section 5. 2. All the uncertainties
contributing to the variability of earlier procedures now seem
to be understood.

The pertinent reactions are presented in the following scheme:
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(inactive)
glycolic acid

OH"

>glyoxal + G

bo rate ion

glyoxal-borate complex
+ H

G : C DNA ( i n a c t i v e )

CDNA

DNA

OH___ A glyoxal -G D N A

adduct
O H '

borate ion

borate-glyoxal-
addu< c

stable)

C»DNA = guanine residues in DNA;
= cytosine residues in DNA.

Glyoxal will react with G in single-stranded DNA to form
a glyoxal-G adduct which is stabilized by borate. The x-ate of
the react ion is increased by OH". Glyoxal is converted to
glycolic acid by OH", which does not reac t with G. In the
presence of borate, glyoxal conversion to glycolic acid is slowed.
The loss of glyoxal can be monitored with Gi ra rd ' s reagent T
(see Section 5. 10). The pH of the reaction mixture tends to
drop because of the generation of glycolic acid and this is
prevented by the presence of a second buffering ion, carbonate.
Finally, G residues in single-stranded DNA will spontaneously
pair with C residues. This pairing is prevented by carrying
out the reaction at elevated temperatures . From a more complete
understanding of the side reactions, a more reliable procedure
has been developed by which over 99% of the guanine res idues
in DNA can be glyoxalated.

i

5. 5 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

The exposure of cells to ultraviolet light leads to several
kinds of photochemical damage in DNA, the best understood of
which is the production of pyrimidine dimers. Most dimers
produced involve adjacent pyrimidine bases; regions of the
DNA containing many adjacent pyrimidine bases would seem
to be at special risk, Polypyrimidines, regions of the DNA
which contain 20-200 consecutive pyrimidines, are found in many
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higher organisms including man (see Section 5. 2). Previous
experiments using mouse cells confirmed our expectation that
pyrimidine dimers were introduced into polypyrimidine regions
at a rate that was greater than that for other DNA sections.
Human cells respond to ultraviolet-induced DNA damage by excising
the damaged region and resynthesizing new DNA to fill in the
excised portion. Under appropriate conditions, the DNA which is
synthesized for repair can be selectively radiolabelled and
isolated. We have now initiated a series of experiments to
determine if repair synthesis occurs preferentially in polypyrimidine
regions of DNA after ultraviolet light exposure. Preliminary
results suggest this may be the case,

5. 6 REPAIR OF DOUBLE-STRAND BREAKS IN M. RADIODURANS
DNA - D. K. Myers and L. D. Johnson

In order to understand the reason why M. radiodurans
cells die after very high doses of radiation, we have been
exploring the repair of double-strand breaks in the DNA of these
cells. It was found previously that wild-type cells are capable
of repairing as many as 1800 double-strand breaks per cell after
irradiation in the presence of oxygen. This is highly unusual
compared to other more radiosensitive cells where it is known
that, under certain circumstances, one double-strand break
per cell can be a lethal event. As judged by the results obtained
with M. radiodurans mutants, the efficiency of the repair in wild-
type cells is primarily associated in some way with the
recombinational repair system.

Our present data suggest that the reason these cells
eventually die may be a failure of the repair system after very
high radiation doses. M, radiodurans cells can repair double-
strand breaks efficiently in growth medium after radiation doses
(e. g. 0. 6 Megarads or 6 kGy) where most of the cells survive
but fail to repair double-strand breaks after radiation doses
(e. g. 1. 5 Megarads or 15 kGy) where most of the cells die.
This implies that the shape of the dose-effect curve observed with
M. radiodurans is not due to any combination of single and
double hits as has been suggested, but rather to an ultimate failure
in the repair systems to cope with the radiation damage.

This suggestion has been further confirmed by a study of
oxygen effects. When cells are irradiated in broth under oxygen
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and nitrogen, the oxygen-enhancement ratio (OER) for lethality
is close to 2 while that for initial yield of double-strand breaks
is close to 4. Obviously some other factor than the initial
damage is affecting cell survival. The OER for the failure of
repair is close to 2. We conclude therefore that it is not so
much the initial radiation damage but rather the ability of the
cell to repair this damage that is crucial to cell survival.

5. 7 YIELD OF DOUBLE-STRAND BREAKS IN M. RADIODURANS
DNA - D. K. Myers and L. D. Johnson

Exposure of cells to ionizing radiation results in single-
strand breaks, double-strand breaks and base damage in their
DNA. Each of these types of damage coulr1 be lethal to the cell.
However, previous experiments comparing the effects of 1-125
and -y-radiation on M. radiodurans suggested that double-strand
breaks in the DNA might be the crucial lethal damage for these
particular cells. We have therefore been exploring the yield
of double-strand breaks under various conditions.

The number of double-strand breaks produced per gram of
DNA and per rad or Gy of -y-radiation is essentially identical for 3
strains of M. radiodurans which differ in ability to survive
radiation by approximately 40-fold. Thus the relative radio-
sensitivities of these three strains are dependent upon their
ability to repair the radiation damage and not upon any differences
in the amount of damage produced initially.

Further studies were concerned with the effects of oxygen
upon the yield of double-strand breaks. Normal cells in broth
or phosphate buffer show approximately 1. 5 breaks/(krad [10 Gy]' 10
daltons when irradiated in the presence of oxygen and 0. 4 breaks/
(krad [10 Gy]' 10*" daltons) when irradiated under nitrogen. This
This difference disappears in the presence of a chelating agent,
EDTA, particularly at a more alkaline pH, but can be partially
restored by the further addition of a sulphydryl compound to
the medium.

It was concluded that the effects of oxygen on the yield of
strand breaks in DNA reflects radiochemical reactions that are
occurring during the irradiation. Oxygen and sulphydryls (or
other hydrogen-donors) compete for the initial radiochemical
lesions in the DNA, and a portion of these lesions is rapidly
restored to normal by the hydrogen-donor unless the lesions are
fixed by reaction with oxygen.
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5. 8 REVERSAL OF OXYGEN-ENHANCEMENT RATIOS BY NEM -
D. K. Myers, J. D. Childs, and L. D. Johnson

Most living cells are 2-3 times less sensitive to the lethal
effects of Y-radiation when irradiated under nitrogen rather than
oxygen. This oxygen-enhancement ratio (OER) is known to be
decreased, closer to a value of 1, when the cells are irradiated
in the presence of N-ethylmaleimide (NEM), nitrofurazone or
related radiosensitizers. These radiosensitizers have therefore
in the past often been designated as "oxygen-mimetics".

Experiments were initiated to find out why NEM had been
reported not to affect the OER for M. radiodurans. It was soon
discovered that both NEM and nitrofurazone are completely
destroyed under nitrogen by radiation doses of 0. 2-0. 4 reegarad
(2-i kGy), far below the doses required to kill this radioresistant
bacterium. When the effects were studied with the more radio-
sensitive rec-30 mutant of _M. radiodurans, which normally has
a relatively low OER, an unusual reversal of the OER was
observed. The OER decreased from 1. 4 in phosphate buffer alone,
to 0. 3 in buffer plus 2 mM*NEM and to 0. 5 in buffer plus 1 mM:t

nitrofurazone. Similar but less dramatic reversals of the OER
were observed when buffer was replaced by broth or other media
containing organic materials to scavenge free radicals in the
extracellular medium.

The effects cf NEM on cell survival were reflected in effects
on radiation damage to the DNA of these cells. The yield of
double-strand breaks in the DNA was increased by NEM in the
absence of oxygen but not in its presence. The OER values for
cell survival and for yield of double-strand breaks were, however,
not similar.

Studies were also undertaken with the simpler T4 bacteriophage
system, where it is known that there is normally no enhancement
of radiation damage by oxygen. The OER again decreased from
0. 9 when irradiated in broth alone to 0. 6 in broth plus 2 mM*NEM.

Spectroscopic studies on the radiation-induced destruction of
NEM showed that NEM forms an unidentified product, probably a
dimer, when irradiated in buffer under nitrogen or nitrous oxide
but not when irradiated under oxygen, even though the NEM itself
is still destroyed by irradiation under oxygen. The current

•Concentrations in
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hypothesis to explain these results on NEM destruction is that
the NEMOH* radical formed during irradiation remains available
for reaction with another organic molecule, e. g. another NEM
molecule, in the absence of oxygen but is rapidly scavenged by
oxygen itself. This hypothesis is consistent with the survival
data obtained with the rec-30 cells and with T4 bacteriopbage,
if we assume that in these cases the NEMOH- radical wouk1 also
remain available for reaction with DNA in the absence but not in
the presence of oxygen.

These experiments show that it is not strictly correct to
call NEM, nitrofurazone and related radiosensitizers "oxygen-
mimetics". These compounds can introduce additional radiation
damage beyond that observed with oxygen. Although we have as
yet only observed reversal of the OER in two systems, both of
which have a low OER value to start with, the results suggest
that the effect of similar radiosensitizers on anoxic tumor cells
need not necessarily be restricted to simple replacement of
the sensitization by oxygen.

5. 9 IONIZING RADIATION DAMAGE TO MICROCOCCUS RADIODURANS
CELL WALL - R. E. J. Mitchel and K. M. Baird

Investigations are continuing into the nature and mechanism
of ionizing radiation damage in the cell wall of M. radiodurans.
The cell surface exonuclease release by ionizing
radiation generated hydroxyl radicals, is located in a site
sensitive to hydrophobic solvents and is released by them in
a form indistinguishable from the form released initially by
ionizing radiation. In this state, the enzyme has a molecular
weight of about 260, 000 daltons. After release, the enzyme is
again subject to free radical attack. Both OH* and e~a_ appear
effective in the apparent cleavage of the enzyme into two subunits
of 130, 000 daltons each. The enzyme molecules remaining bound
to the cell wall after a dose of ionizing radiation appear to be
of the high molecular weight form only. The cleaved enzyme
appears to have catalytic properties unchanged from the high
molecular weight form but its charge distribution is altered.
Only the low molecular weight form will bind to DEAE cellulose.

Several other proteins are also released by ionizing radiation.
These proteins can be visualized by staining after electrophoretic
separation on polyacrylamide gels. Changes in the electrophoretic
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pattern of the released proteins obtained by incremental 25
krad (250 Gy) doses to 100 krad (1000 Gy) total dose, shows
that the sensitivity to release varies among these proteins,
possibly reflecting differences among the binding sites.

Chelating agents will remove metal ions from the released
proteins and cause their dissociation into lower molecular
weight subunits. Exposure of whole cells to such agents,
followed by irradiation in their absence, produces the same
series of dissociated subunits suggesting that the sensitivity
of these proteins to release by hydroxyl radicals does not
depend on their secondary structure but may be intrinsic to
their binding sites.

5. 10 A METHOD FOR THE DETECTION AND MEASUREMENT OF
a-KE TO -ALDEHYDES AND a-DIKETONES - R. E. J. Mitchel,
H. C. Birnboim, and J. J. Jevcak

Glyoxal is a reagent useful in the chemical modification of
DNA (see Section 5. 3). Quantitation of this a-keto-aldehyde
during the modification procedure was accomplished by
reaction with Girards T reagent (trimethylaminoacetohydrazide
chloride). We postulate that the reaction involves a condensation
of one molecule of the hydrazide with each carbonyl to yield
the following product:

+ 0 0 +

(CH3)3-N-CH2-C-HN-N=CH-HC=N-NH-C-Crf2-N-(CH3)3

This compound possess two conjugated C=N bonds and
the conjugation may be reinforced by resonance species involving
the aceto-carbonyls. The result is a product absorbing strongly
in the ultraviolet at a wavelength convenient for quantitation.

The adduct of Girards T and glyoxal has a X.̂ ,,,,, of 295 nm
below pH 6. 0 with a molar extinction coefficient of 2. 73 x 10 .
Above pH 9. 0 the ^ - m a x shifts to 3 25 nm and the extinction
coefficient drops by about 30%.

The reaction is either acid or base catalyzed and proceeds
rapidly in pH 2. 9 sodium formate or pH 9. 2 sodium borate. The
assay for glyoxal is done at either pH with 20 mM Girards T
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at 30°C for 10 minutes. The resulting UV absorbance at 295 am
or 325 nm is directly proportional to glyoxal content between
5 nM and 350 nM.

a-keto-aldehydes or aldehydes and ketones having
a-dicarbonyl functional groups will produce UV absorbing
products. Monofunctional aldehydes, a-hydroxyaldehydes,
ar-carboxyaldehydes, a-keto-acids and ester carbonyls do not.

The Girards T reagent can also be used for selectively
detecting such compounds after paper or thin layer chromatography,
by spraying with the reagent in a dilute solution of acetic acid
and warming at 30°C. Reactive compounds produce UV
absorbing spots. Reactive a-dicarbonyl compounds can be
separated from monofunctional carbonyl compounds, by reaction
with Girards T reagent followed by electrophoresis at pH 2.
Girards T is a quarternary amine and therefore possesses a
permanent positive charge. Dicarbonyl compounds react with
two molecules of the reagent and acquire two positive charges
at pH 2, becoming easily separable from monocarbonyl compounds
which have acquired one positive charge.

5. 11 REPAIR PATHWAYS IN MICROCOCCUS RADIODURANS -
N. E. Gentner and M. M. Werner

Features of the repair processes in Micrococcus radiodurans
can be explained in terms of what we now understand about the
properties of the two major repair pathways individually, because
we have been able (by study of radiation-sensitive mutants,
inhibitors, and conditions that affect one or the other pathway)
to differentiate between the contribution of these two pathways.
While a considerable number of ionizing radiation-induced DNA
defects seem to be handled by an excision repair mechanism, a
recombinational repair process seems to be of especial importance
in establishing the high resistance of M. radiodurans to ionizing
exposure; recombination is believed to accommodate double-
strand or coincident damage "which is not amenable to excision repair.

The M. radiodurans cell takes 0. 1-0. 2 minute to complete
recombinational repair events induced by 1 Gy of \-rays. These
figures come from cellular recovery (from a repair inhibitor which
acts on this pathway) and repair at the molecular level (of single-
strand breaks), and appear to hold over a wide dose range.
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The greater -y-resistance of logarithmic phase cells,
compared to stationary phase cells, may be due to a greater
ability to accomplish recombination repair, since logarithmic
phase cells have 1. 5 X the DNA content, and show a greater
extent of inhibition by the recombinational repair inhibitor
caffeine. Since recovery from repair inhibition by caffeine
begins immediately, during the post-irradiation DNA synthesis
lag, it seems to be a pre-replicative recombinational process,
preferring the presence of a duplicated genome (two DNA copies)
at the time of irradiation.

The ultimate inactivation of M. radiodurans may be related
to a failure of recombinational repair at very high exposures.
Dr. Myers has observed failure of double-strand break repair
at highly lethal doses, and we have observed failure of what we
ascribe to the recombinational repair component of single-strand
break repair. We had shown earlier that an induction event
(post-irradiation protein synthesis) was required for such
recombinational repair. We suggest that the reason for such
failure may be that double-strand or coincident damage is formed
at such doses in the gene(s) whose product is required for
recombinational repair; calculations based on the numbers of
such damage and estimated number of genes indicate one such
defect per gene in the dose range where such failure is observed.
It should be possible to overcome this failure by inducing the
machinery before the high y-exposure, and a result from another
laboratory on fractionated dose experiments can be interpreted
in this way: after a priming dose followed by incubation sufficient
to allow induction and repair of the initial damage, these cells
were more resistant than normal cells to inactivation by such
high doses. This experimental approach Ls being expanded.

If strand-break repair after y-exposure is compared with
repair of UV-induced defects (judged by an in vivo UV-endonuclease
assay), it appears that excision repair is relatively more important
after UV-irradiation while recombinational (rec) repair is more
important after y-irradiation. This is consistent with the
relative sensitivity to these two types of radiation caused by
mutation in these pathways, and corroborates our previous
finding that caffeine had little inhibitory effect after UV-irradiation
compared to after -y- irradiation.
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Liquid holding recovery, observed only in the rec" strain
of M. radiodurans, is more proficient after UV- than after
•y-irradiation. Since only excision repair and not recombinational
repair has been shown, at the molecular level, to proceed in
non-nutritive media, this finding also supports a relatively
greater involvement of excision in UV-repair.

In the rec+ strains, repair which might occur during liquid
holding is masked by a high rate of spontaneous cell death. This
death appears to be related to failure of completion of recombinational
events in non-nutritive medium, since the more an M. radiodurans
cell must rely on recombinational repair, the faster is its
death (UV-17 >wild-type). Furthermore, this death occurs
far more rapidly after -y-irradiation than after UV-irradiation
(at doses causing equivalent lethality), so more recombination
events seem to be involved in \-repair than in UV-repair.

The apparent DNA strand-break yield in M. radiodurans
can be increased, to as much as 1 break/20 eV, by irradiating
cells under conditions that inhibit the relatively rapid excision
repair that can occur in buffer during irradiation or subsequent
sample preparation. The highest strand break yield is obtained
in protoplasts, which have been shown to be unable to repair
single-strand breaks. This protoplast figure is believed to
reflect the true initial number of directly induced breaks, and is
approached in whole cells where excision repair is minimized.

Since no genetic system is available in M. radiodurans,
we have to develop a system to look for recombinational events
in DNA at the molecular level, in order to learn more about this
extremely efficient repair process. We can distinguish two DNA
strands, and hence follow recombination, by introducing a density
difference. It is easier to make a DNA strand "heavy" by
incorporation of the thymidine analogue BUdR than by the heavy
isotopes 2H, C, and 5N. However, since BUdR incorporation
has been shown to make the cell more radiation-sensitive (the
shoulder of the survival curve is ^removed), we had to make sure
that recombinational repair, which we consider contributes
significantly to this shoulder, wasn't damaged by the very system
necessary to allow its study. Two systems were used to test
the extent of recombinational repair in BU-substituted cells:
(!) the caffeine inhibitory effect; (ii) the recombinational component
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of repair of \-induced strand breaks. Preliminary results suggest
that while recombinational repair does seem to be affected, there
nay be sufficient residual activity to expect to see recombinant
regions in DNA,

5. 12 THE IMPORTANCE OF A PRE-REPLICATIVE RECOMBINATIONAL
REPAIR PROCESS IN SCHIZOSACCHAROMYCES POMBE -
N. E. Gentner and M. M. Werner

A pre-repiicative recombinational repair process in
Schizosaccharomyces pombe, occurring in cells possessing a
duplicated genome (two DNA copies) at the time of irradiation,
is a major factor in the substantial-radiation resistance of this
eukaryote, and is the repair mechanism largely responsible for
the shoulder on both the UV- and -y-survival curves. This has
been shown by correlation of data from survival curves, sensitivity
to the recombinational repair inhibitor caffeine, and the time of
resumption of DNA synthesis in irradiated cells, in Gl (lc) and
G2 (2c) phase cells.

After UV-irradiation only, there also appears to be a post-
replication recombinational repair, since Gl cells do show some
caffeine sensitivity after UV-but not after ^-irradiation. Gl cells
recover from caffeine-induced lethal enhancement only after
DNA synthesis has resumed, while G2 cells recover immediately
without requiring DNA synthesis. This mechanism, however,
appears to be a minor factor in UV-resistance compared to
the pre-replicative process.

Information on repair mechanisms can be obtained by
enquiring into the cause of death as well as into the reasons for
survival. The so-called negative liquid holding effect in \ -
and UV-irradiated £>. pombe cells has been shown to be
attributable to inability to complete recombinational repair
events in non-nutritive medium since it is related to the cell
death or irreversible fixation of damage seen under other conditions
where recombinational repair is inhibited in rec cells. Both
the negative liquid holding effect and caffeine-induced lethality
are greater in G2 phase cells (which can initiate recombinational
events immediately, in the absence of DNA replication) than in
Gl phase cells, after both y- and UV-irradiation.
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5. 13 HUMAN ENZYMATIC DNA REPAIR: DEFECTIVE REPAIR OF
V-RAY-INDUCED DAMAGE IN CELLS CULTURED FROM
ATAXIA TELANGIECTASIA PATIENTS - M. C. Paterson,
B. P. Smith, and P. A. Knight

A unique clinical feature of ataxia telangiectasia (AT), a
rare genetic disorder often involving malignancy, is extreme
sensitivity to conventional radiotherapy. Of particular interest
to molecular radiobiologists is the finding that radiosensitivity
is also expressed in cell culture. This observation inspired us
to measure the DNA repair capacity of diploid strains derived
from representative AT patients, following anoxic Co
Y-irradiation. To date, a total of ten strains from unrelated
AT donors have been included in our study. Compared to two
control strains from normal individuals, six of the ten AT strains
exhibit a pronounced deficiency in their ability to perform -y-
induced repair replication. (This parameter of repair reflects
the total number of nucleotides incorporated in damaged DNA sites
while executing two repair processes, rejoining of single-strand
breaks and excision repair of base defects. ) Two of the deficient
strains have been defined further. While displaying normal
kinetics for the rejoining of strand breaks, both appear defective
in the initial incision step in excision repair of ^-modified base
residues, assayed as v-induced sites sensitive to endonuclease
activity in cell-free extracts of the bacterium Micrococcus luteus.

As a first step in the characterization of the mutations in
the strains defective in repair replication, we have subjected
three such strains to a genetic complementation analysis using
the standard method of somatic cell hybridization. The results
allocate the three strains to two complementation groups. This
demonstration of complementation indicates that genetic
heterogeneity may be present in the disease--that is, different
mutated loci in the human genome can lead to the observed
impairment in v-induced repair replication. Heterogeneity is
further suggested by our observation that four of the ten AT
strains perform -y-stimulated repair replication with a proficiency
not significantly different from that exhibited by the two normal
strains. It would thus appear that certain AT strains possess
fully functional strand-rejoining and excision-repair mechanisms,
despite originating from patients diagnosed as suffering from the
disease.
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Since the reported incidence of this autosomal recessive
disorder (i. e. , both copies of an AT gene must be defective for
clinical expression) is approximately one per 40, 000 live-births,
the frequency of persons carrying one modified copy may constitute
one per cent or more of the general population. In view of our
general mandate to assess possible harmful effects of ionizing
radiations on the general public, it was considered most pertinent
to obtain some information on whether these so-called
heterozygous carriers of AT are radiosensitive. (It should be
kept in mind that some 25 employees at CRNL may be expected
to fall into this subgroup. ) Preliminary evidence, based on the
capacity to carry out -y-stimulated repair replication, indicate
that a strain from a parent of an AT patient whose cultured cells
are repair-replication deficient, responds normally to Co
•y-irradiation. This finding is in keeping with the requirement
that both copies of an AT gene must be altered for expression
of radiosensitivity at the clinical level.

Aside from the clinical payoff of providing new insight
into the root cause of this distressing disease, our findings have
wide ramifications in the field of human molecular radiobiology.
Not only is a valuable supply of naturally occurring mutated
strains now available for genetic and biochemical analyses of
human repair mechanisms operative on radiation-damaged DNA but,
more importantly, since AT patients are prediposed to cancer,
defective DNA repair is implicated in the underlying mechanism
of neoplastic transformation. Finally, if, as seems reasonable,
(i) defective differentiation in early embryogenesis best explains
the clinical manifestations of AT and (ii) faulty DNA repair has
a key role in the molecular basis of the disorder, it follows
that DNA damage can result in congenital malformations; thus,
fully functional enzymatic DNA repair processes are critical
during neonatal development.

GENETICS AND POPULATION STUDIES

5. 14 SENSITIVITY TO UV IRRADIATION OF TEMPERATURE-SENSITIVE
MUTANTS OF USTILAGO MAYDIS BLOCKED IN DNA SYNTHESIS -
P. Unrau and C. E. Grant

We are interested in mutations which affect more than one
aspect of DNA metabolism in order to find those genes which have
a crucial function in both the repair and normal replication of
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DNA. In this manner, it should be possible to determine which
of the known steps in DNA replication are alBO involved in those
DNA repair systems whose mechanism is as yet unknown. For
this purpose, conditional mutations are required, i. e. mutations
which function under one set of conditions such as low temperature
but not under another set of conditions such as high temperature.
Any absolute mutation in DNA replication would be lethal to the
cells since the mutated organism would not grow under any
conditions.

Previous reports have concerned the ability of one of our
collection of temperature-sensitive (tsj mutants to survive
irradiation damage. The mutant, ts-20, has been shown to be
blocked mainly in nuclear DNA synthesis, while synthesis of
mitochondria and other cell components proceeds at a substantial
part of the normal "wild-type" rate. We have shown that the
mutant it, UV sensitive and sensitive to -y-irradiation even when
grown at 22° C (i. e. when DNA replication is not blocked). The
mutant becomes more sensitive on incubation at 32°C (i. e.
when DNA replication is blocked). Two major explanations caii
be offered for this behavior; one, that the mutant cells are
collecting in a radiation-sensitive part of the cell cycle, or two,
that a temperature-sensitive protein with an active role in DNA
replication and repair is being inactivated at 32°C.

We can compare ŝ_-20 with another temperature-sensitive
mutant, tsd 1-1, which is also blocked only in DNA synthesis at
32°C. Data on the deficiency in DNA synthesis in both of these
mutants are currently in press in Molec. gen. Genetics. The
latter mutant, tsd 1-1, becomes potentiated for recombinational
ability at 32°C and is UV-sensitive but not y-sensitive at this
temperature. Because -y-sensitivity is usually correlated with
absence of recombinational repair in Ustilago and many other
organisms, the difference in response of the two mutants to
v-radiation at 32°C suggests a difference in the reason for a
block in DNA synthesis in these mutants at higher temperatures.

We have concluded that tsd 1-1 is not really repair-deficient
at all but becomes UV-sensitive at 32°C because the cells
accumulate at a stage of the cell division cycle in which normal,
"wild-type" cells are also temporarily sensitive to UV-irradiation.
At this particular stage in the cell cycle, corresponding to the
onset of DNA synthesis, wild-type cells also undergo more
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recombination per survivor than at other stages of the cell
cycle, which again parallels the-enhanced recombination seen in
tsd 1-1 at 32°C. On the other hand, the defect ints_-20 is
expressed as a deficiency in recombination at all stages in the
cell cycle and under all growth conditions. The results suggest
thus that the defect in tB-20 involves a crucial enzyme or other
gene product which is actively involved in recombination,
replication and repair of DNA.

Another line of evidence for this conclusion derives from
experiments with diploid cells. When a diploid is constructed
with one copy of the ts_-20 mutant and one copy of the normal gene,
the resulting heterozygous diploid cell shows dominance for
some of the t£-20 characteristics. On incubation at 32°C, these
heterozygous diploids become both UV-and ^-sensitive; moreover,
they are deficient in recombination under all conditions of incubation.
In order for dominance to be expressed it is usually necessary
for the gene to code for a protein which, when it denatures, is
actively harmful (perhaps by denaturing on the DNA, for instance).
Since ts_-20 heterozygous diploids are both UV-and -y-sensitive
at 32°C, this suggests that the temperature-sensitive gene product
is incapable of repairing extant damage, and also interferes with
the wild-type enzyme in the execution of its repair functions.
As noted abovet it is very likely that this particular gene product
also has a key role in nuclear DNA replication.

The t£-20 mutation is highly unusual. Most of the DNA
repair mutants that we know of cannot be switched on or off by
simple conditional changes such as a change in temperature;
moreover, most of. these mutations are recessive and have no
effect on radiation sensitivity in heterozygous diploid cells.
Studies of the repair enzymes in this strain could be highly useful
in leading to the identification of a thermolabile enzyme or other
gene product which plays an active role in DNA replication,
recombination and repair. Sensitivity of ts^-20 to other mutagens
will be checked to see if repair deficiencies are common to
excision as well as recombinational pathways.

5. 15 DNA CONDENSATION STUDIES - P. Unrau and C. E. Grant

In an attempt to understand how DNA condensation may
be controlled in the cell, studies have been started using phage
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T4 DNA (a gift of D. R. Champ) in conjunction with spermidine.
The DNA condenses and can be easily sedimented out of solution,
as judged by the loss of DNA-bound counts from solution. The
effects of pH, divalent cations, and other compounds on the
condensation process are being measured, with a view to
developing a matrix of determinants of the state of DNA
condensation. These studies relate to earlier observations of
variations in photoproduct yields depending on the state of
the irradiated DNA. A model to predict the behavior of DNA is
in preparation.

5. 16 CONTROL MECHANISMS IN THE CELLULAR METABOLISM OF
USTILAGO MAYDIS - P. Unrau and D. R. Champ1

A novel class of proteins has been purified 2300X from
Ustilago maydia, which may control some DNA functions in
repair and during cell growth. The presence of these proteins
in other organisms is being investigated. It is expected that
these proteins will help to elucidate structural and controlling
functions of DNA.

5. 17 MUTANTS OF BACTERIOPHAGE T4 UNABLE TO GROW ON
STREPTOMYCIN RESISTANT STRAINS OF EgCHERICHIA COLI-
J. D. Childs and G. D. Chant

Conditional lethal mutants i. e. , those which grow under one
set of conditions but not under another, have proved to be
invaluable for genetic and biochemical studies with micro-
organisms. The two principle types are temperature sensitive
(ts) and amber (am) mutants. The former grow at one temperature
but not at another temperature, presumably because the
conformation of a mutant protein changes with temperature and
is thus able to function at one temperature but not another.
Amber mutants carry a so-called nonsense mutation in the DNA
which gives rise to a nonsense (UAG) codon in the messenger RNA
This codon causes the ribosome to prematurely stop reading the
genetic message at the nonsense codon and an incomplete
polypeptide is formed. In strains carrying an amber suppressor
(su ), the UAG codon is sometimes read as nonsense, i. e. , a
stop signal, and sometimes as sense, i. e. , continue adding amino
acids, with the result that a proportion of the resulting polypeptide
chains are complete and functional. These functional polypeptide

D. R. Champ of the Environmental Research Branch is working in
collaboration with P. Unrau.
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chains are sufficient to permit growth of the organism. Thus
amber mutations are lethal in a _su~ strain but are not lethal ii:
a _su+ strain. Amber mutations may also be lethal in au
strains which carry certain streptomycin resistance mutations.
The latter mutations alter the ribosome in such a way as to
make the reading of the genetic code more precise and the UAG
codon is no longer read as sense. Another type of ribosomal
mutation, ram (ribosomal ambiguity)^ causes an opposite
change in the ribosome. In this case the reading of the genetic
codes is less precise and these mutations permit the growth of
amber mutations in the absence of an amber suppressor.
This study is an attempt to determine whether a new class of
conditional lethal mutants of T4 could be found which could grow
in streptomycin sensitive hosts due to misreading of the genetic
code but would fail to grow in streptomycin resistant hosts
due to the reduced level of misreading in these strains.

We have previously isolated 16 conditional lethal mutants
of bacteriophage T4 which can grow on a ĵa"*" host (CR63) but
are unable to grow on a CR63 derivative which is streptomycin
resistant (CR/s). It is likely that the T4 mutants fail to grow
because of the streptomycin resistance mutation, but it is
possible that CR/s carries additional mutations responsible
for this restriction. To test this possibility the streptomycin
resistance mutations of CR/s was transferred to CR63 by
transduction and the ability of the T4 str mutants to grow on
this strain (named CR/st) was determined. It was found that
10 of the T4 mutants failed to grow on this strain and 6 could
grow but only to a limited extent. Thus all the T4 mutations
are restricted at least partially by the streptomycin resistance
mutation of CR/s and therefore they have been given the prefix
str.

The T4 str mutations have been mapped in two successive
experiments. From the results of the first experiment it was
possible to localize each mutation to a small region of the T4
genome, and from the results of the second experiment it was
possible to assign each mutation to a specific gene. In the first
experiment each str mutant was crossed to a T4 strain which
carries 24 amber mutations. Progeny from these crosses were
plated on CR./s to select for T4 str_+ recombinants and the genotype
of each recombinant was determined. Selection of str progeny
should result in selection for the am markers closest to the str
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allele, but not for those distant from the str allele. Thus
a gradient of decreasing frequency of am markers was expected
on either side of the am marker or markers closest to the str
allele. For each cross a gradient of decreasing frequency of
am alleles was observed on either side of a particular am
marker, indicating the possible location of each str mutation.

In the second experiment complementation tests were
carried out between the str mutants and selected amber mutants.
The results permitted each str mutation to be assigned to a
specific gene, which was very close to the position predicted
from the first experiment. The 16 str mutations mapped in
12 different genes. Most were clustered in the region of early
genes from gene 47 to gene 56 and the remainder were in a
region of late genes from gene 7 to gene 27.

It is known that amber mutations are restricted by
streptomycin resistance mutations. However, only 4 of the T4
str mutants are amber and the remaining 12 are missense mutants.
It is likely that the restriction imposed on the missense T4
mutations by CR/s is related to the restriction imposed on
amber mutations by streptomycin resistance mutations, that is
to a reduction of misreading of the genetic code in these strains.

To test this possibility the T4 str mutants were examined
for their ability to grow on a set of ribosomal mutants of
E. coli with well-defined characteristics; these mutants, which
include two streptomycin resistant mutants and a ram mutant,
can be ordered according to their ability to restrict amber
mutations. It was found that the ribosomal mutations could
be similarly ordered according to their ability to restrict
the missense T4 str mutants. Thus the inability of the T4
str mutants to grow on streptomycin resistant hosts is probably
due to a reduced level of misreading of the genetic code in
these host strains.

The T4 str mutants are a new class of conditional lethals.
They should prove to be useful for genetic and biochemical
studies with bacteriophage T4 and for studies on the mechanism
of translation of the genetic code by the bacterial ribosome.
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5. 18 RADIATION-INDUCED TUMORS IN RATS - D. K. Myers and
L. D. Johnson

Previous studies were concerned with the interaction of
ionizing radiation and chemical carcinogens for the induction of
tumors in rats. Experiments with whole body irradiation followed
by injections of urethane, a weak carcinogen which is evenly
distributed throughout the whole body, showed that the overall
carcinogenic and life-shortening effects of the two agents together
was not greater than the sum of their separate effects at high doses.
This experiment was repeated at lower radiation doses using the
induction of mammary tumors as end-point; again the carcinogenic
effects of radiation and urethane together were not more than
additive. However, simultaneous experiments in the Population
Research Branch had shown that local exposure of skin to p-radiation
followed by repeated applications of tobacco tar induced 2 to 3
times as many skin tumors as expected from the sum of the separate
effects of these two agents.

Possible explanations for the difference in the results of
these two experiments are being sought and further experiments
were initiated in October. One possibility involves the type of
chemical carcinogen used; an experiment on the induction of skin
tumors by P-radiation plus urethane was therefore begun. A
second possibility involves the type of tumor. Synergistic inter-
actions may be more common in a system, e. g. skin tumors, where
the dose-effect curve for ionizing radiation is non-linear and strongly
affected by repair processes, while additive interactions may be more
common in a system, e. g. , mammary tumors, where the dose-
effect curve is nearly linear and is less affected by repair processes.
An experiment was therefore designed to study induction of skin
tumors and of mammary tumors by radiation plus a chemical which
inhibits repair of radiation damage. The final results of these
experiments will not be available for another year but the initial
results on skin reaction to p-radiation do show a synergistic inter-
action of the radiation both with urethane and with caffeine, a
repair inhibitor.
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5. 19 ASSESSMENT OF RADIATION HAZARDS TO HUMAN POPULATIONS
D. K. Myers

During the course of the year, members of the Biology Branch
conducted a review of their research activities, which resulted
in the preparation of two AECL documents. The first document,
entitled Objectives of Research Activities in Biology Branch,
concluded with a series of recommendations for the future direction
of research activities; these recommendations are currently
being put into effect.

Discussions have been held with R. V. Osborne of the
Health Physics Branch on questions of microdosimetry as
relating to radiation hazards at very low doses. It is anticipated
that a formal review of this topic will be prepared during the
course of the next year.

Seminars and discussions have been held with P. J. Earry
and I. L. Ophel of the Environmental Research Branch on the
question of long-term global dose-commitments resulting from
the release of radioactive nuclides into the environment. No
specific projects have been formalized but a continuation of these
discussions during the next year is anticipated.

Information on multifactorial genetic defects in mice has
been gathered and discussions with H. B. Newcombe of the
Population Research Branch have been concerned with the
feasibility of a research project on this topic. The first draft
of a document on the effects of radiation-induced mutations on
the incidence of irregularly inherited multifactorial defects
has been prepared.

Another of the recommendations was concerned with the
relation between our basic knowledge of repair processes and
assessments of radiation hazards to human populations. As
an initial step in this direction, the first draft of a general review
of radiation hazards has been prepared and a second draft is
near ing completion. Further continuing effort in this direction
is planned for the future.
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(ataxia telangiectasia) fibroblasts. Proceedings of
Canadian Federation of Biological Societies _19, 38 (1976)
(Abstract).

Paterson, M. C. - Ataxia telangiectasia: An inherited human
disease featuring radiosensitivity, neoplasia and defective
DNA repair. Proceedings of the Seventh International
Congress on Photobiology, s20 (1976) (Abstract).

Paterson, M. C. - Enzymatic repair of UV-damaged DNA in
mammalian cells: Perspectives. 2nd International
Workshop on DNA Repair Mechanisms in Mammalian Cells,
p. II, 1, Noordwijkerhout, The Netherlands, May 2-6 (1976)
(Abstract).

Paterson, M. C. and B. P. Smith - Ataxia telangiectasia--the
•y-ray analogue of xeroderma pigmentosum. 2nd International
Workshop on DNA Repair Mechanisms in Mammalian Cells,
p. Ill, 6 Noordwijkerhout, The Netherlands, May 2-6 (1976)
(Abstract).

Lohman, P. H. M. , M. C. Paterson, B. Zelle and R. J. Reynolds -
DNA repair in Chinese hamster cells after irradiation with
ultraviolet light. 2nd International Workshop on DNA Repair
Mechanisms in Mammalian Cells, p. II, 11, Noordwijkerhout,
The Netherlands, May 2-6 (1976) (Abstract).

Paterson, M. C. - Contribution to "Objectives of Research Activities
in Biology Branch, CRNL, 1976". Atomic Energy of Canada
Limited, Report AECL-5613.

Farber, R. A. and P. Unrau - Induction and isolation of cold-
sensitive lines of Chinese hamster cells. In "Methods in
Cell Biology" (David M. Prescott, ed. ), Vol. XIV,
Academic Press, New York (1976).

Unrau, P. - Contribution to "Objectives of Research Activities in
Biology Branch, CRNL, 1976". Atomic Energy of Canada
Limited, Report AECL-5613.
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5. 21 VERBAL PRESENTATIONS

5. 21. 1 Presented Papers

Birnboim, H. C. - Arrangement of polypyrimidine sequences in
mouse DNA. Presented at the Northwest Nucleic Acids
Conference, Banff, Alberta, 1 June, 1976.

Birnboim, H. C. - Arrangement of polypyrimidine sequences in
the mouse genome as studied by poly (A, G) binding.
Presented at the 67th Annual Meeting of the American
Society of Biological Chemists, San Francisco, Ca. ,
10 June, 1976.

Childs, J. D. - T4 mutants unable to grow on streptomycin
resistant hosts. Presented at the 1976 Phage Meeting at
Cold Spring Harbor, New York, 24-29 August, 1976.

Gentner, N. E, - Repair of UV-damage in Micrococcus radiodurans
as monitored by apparent UV-endonuclease-sensitive sites
in vivo. Presented at Seventh International Congress on
Photobiology, Rome, Italy, 29 August-3 September, 1976.

Mitchel, R. E, J. - Oxygen protection against radiation damage in
Micrococcus radiodurans cell wall. Presented at the
Twenty-Fourth Annual Meeting of Radiation Research Society,
San Francisco, Ca. , 27 June-2 July, 1976.

Myers, D. K. - Reversal of the oxygen enhancement ratio (OER)
by NEM and nitrofurazone. Presented at Twenty-Fourth
Annual Meeting of the Radiation Research Society,
San Francisco, Ca. , 27 June-2 July, 1976.

Paterson, M. C. - Defective excision repair of \ - ray -damaged
DNA in human (ataxia telangiectasia) fibroblasts. Presented
at the 20th Annual Meeting of the Biophysical Society,
Seattle, Washington, U. S. A. , 24-27 February, 1976.

Paterson, M. C. - Enzymatic repair of UV-damaged DNA in
mammalian cells: Perspectives. Introductory lecture
for poster session 2 (DNA repair of UV light induced
damage-molecular level) at the Second International
Workshop on DNA Repair Mechanisms in Mammalian Cells,
Noordwijkerhout, The Netherlands, 2-5 May, 1976.
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Paterson, M. C. and B. P. Smith - Ataxia telangiectasia -
a \-ray analogue of xeroderma pigmentosum. Poster
presented at the Second International Workshop on DNA
Repair Mechanisms in Mammalian Cells, Noordwijkerhout,
The Netherlands, 2-5 May, 1976.

Lohman, P. H. M. , M. C. Paterson, B. Zelle and R. J. Reynolds -
DNA repair in Chinese hamster cells after irradiation with
ultraviolet light. Poster presented at the Second International
Workshop on DNA Repair Mechanisms in Mammalian
Cells, Noordwijkerhout, The Netherlands, 2-5 May, 1976.

i

Paterson, M. C. - Defective DNA repair in cultured human
{ataxia telangiectasia) fibroblasts. Presented by A. M. Marko
at the Canadian Federation of Biological Societies 19th
Annual Meeting, Halifax, N. S. , 15-18 June, 1976.

Paterson, M. C. - "Edna Roe Memorial" Lecture, Ataxia
telangiectasia: An inherited human disease featuring
radiosensitivity, neoplasia, and defective DNA repair.
Presented at Seventh International Congress on Photobiology,
Rome, Italy, 29 August-3 September, 1976.

5. 21. 2 Lectures or Seminars

Birnboim, H. C. - Arrangement of polypyrimidine sequences in
mouse DNA. Presented at the Department of Biology,
University of Oregon, Eugene, Or. , 4 June, 1976.

Birnboim, H. C. - Arrangement of polypyrimidine sequences in
mouse DNA. Presented at the Department of Chemistry,
University of California, Berkeley, Ca. , 11 June, 1976.

Myers, D. K. - Some recent experiments in radiation biology at
CRNL. Presented to the Medical Biophysics Branch,
Whiteshell Nuclear Research Establishment, Pinawa,
Manitoba, 8 July, 1976.

Paterson, M. C. - Molecular basis of the radiosensitive neuro-
vascular disease, ataxia telangiectasia. Presented to the
Division of Biological and Medical Research, Argonne
National Laboratory, Argonne, Illinois, U. S. A. ,
24 February, 1976.
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Pater son, M. C. - Ataxia telangiectasia: A human hereditary
disease featuring radiosensitivity, neoplasia and defective
DNA repair. Presented to the Environmental Toxicology
Division, Environmental Health Centre, Health and Welfare
Canada, Ottawa, Ontario, 29 June, 1976.

Paterson, M. C. - Ataxia telangiectasia: A human hereditary
disease featuring radiosensitivity, neoplasia and defective
DNA repair. Presented to Departments of Biology and
Physics, M. D. Anderson Hospital and Tumor Institute,
Texas Medical Centre, Houston, Texas, 12 August, 1976.

Paterson, M. C. - Ataxia telangiectasia: A human hereditary
disease Involving radiosensitivity, malignancy and defective
DNA repair. Presented to Oncology Center, The Johns
Hopkins Hospital, Baltimore, Md. , 29 September, 1976.

Paterson, M. C. - The role of molecular radiobiology in radio-
therapy. Presented to Oncology Center, The Johns Hopkins
Hospital, Baltimore, Md. , 30 September, 1976.

Paterson, M. C. - Ataxia telangiectasia: A human hereditary
disease involving radiosensitivity, malignancy and defective
DNA repair. Presented at the Department of Biology,
Brookhaven National Laboratory, Upton, N. Y. , 1 October, 1976.

Paterson, M. C. - Defective repair of \-ray-damaged DNA in an
inherited human disease. Presented at the Department of
Genetics, University of Alberta, Edmonton, Alberta,
2 November, 1976.

Paterson, M. C. - Ataxia telangiectasia: An inherited human
disease involving radiosensitivity, malignancy and defective
DNA repair. Presented at Dr. W. W. Cross Cancer Institute,
Edmonton, Alberta, 3 November, 1976.

Paterson, M. C. - Ataxia telangiectasia: An inherited human
disease involving radiosensitivity, malignancy and defective
DNA repair. Presented at the Department of Bacteriology,
School of Medicine, University of Saskatoon, Saskatoon,
Saskatchewan, 4' November, 1976.
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Pater son, M. C. - Relevance of molecular radiobiology to
clinical radiotherapy. Presented at Dr. W. W. Cross
Cancer Institute, Edmonton, Alberta, 7 December, 1976.

Unrau, P. - Replication and repair in Ustilago maydis.
Presented at the Department of Molecular Biology,
Vanderbilt University, Nashville, Tennessee, 3 February, 1976.

Unrau, P. - Response to y-irradiation of temperature sensitive
mutants of Ustilago maydis blocked in DNA synthesis.
Poster session presented at the 8th International Congress
on Yeast Genetics, Schliersee, Germany, 29 August-
4 September, 1976.

Unrau, P. - DNA condensation model, Part 2 - Some results.
Presented at National Institute for Medical Research,
Mill Hill, England, 10 September, 1976.

5. 21. 3 Local Talks

Birnboim, H. C. - Polypyrimidines in mammalian DNA. Presented
to students from Department of Zoology, University of
Toronto (Radiobiology Course), February 1976.

Birnboim, H. C. - General introduction on cell biology and DNA
research on polypyrimidines. "Objectives of the Biology
Branch", presented to A. J. Mooradian, CRNL, 10 August, 1976.

Birnboim, H. C. - Introduction to cell biology and DNA structure.
Biology and Health Physics Colloquium, "Radiation Biology
for the Non-Biologist", CRNL Main Library, 20 August, 1976.

i

Childs, J. D. - Radiation and genetic studies with bacteriophage.
Presented to students from Department of Zoology,
(Radiobiology Course), February 1976.

Childs, J. D. and D. K. Myers - Sensitization of bacteriophage
T4 and of M. radiodurans to \-radiation. Presented to
Biology Branch, CRNL, 10 May, 1976.

Childs, J. D. - Study of mutations as illustrated by a bacterial
virus. "Objectives of the Biology Branch", presented
to A. J. Mooradian, CRNL, 10 August, 1976.
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Childs, J. D. - The effect of mutations in DNA as illustrated by
a bacterial virus. Biology and Health Physics Colloquium,
"Radiation Biology for the Non-Biologist", CRNL Main
Library, 20 August, 1976.

Childs, J. D. - Inactivation of giant bacteriophage particles by
gamma rays. Presented at the Ontario Radiobiology
Conference, CRNL, 15-16 October, 1976.

Gentner, N. E. - Principles of studying repair pathways. Presented
to students from Department of Zoology, University of
Toronto (Radiobiology Course), February 1976.

Gentner, N. E. - Effect of repair systems in M. radiodurans.
"Objectives of the Biology Branch", presented to
A. J. Mooradian, CRNL, 10 August, 1976.

Gentner, N. E. - DNA repair systems in a radioresistant bacterium.
Biology and Health Physics Colloquium, "Radiation Biology
for the Non-Biologist", CRNL Main Library, 20 August, 1976.

Gentner, N. E. - Importance of re combinational repair of
ionizing radiation damage in Micrococcus radiodurans.
Presented at the Ontario Radiobiology Conference, CRNL,
15 October, 1976.

Mitchel, R. E. J. - Ionizing radiation damage to Micrococcus
radiodurans cell wall. Presented to students from Department
of Zoology, University of Toronto (Radiobiology Course),
February 1976.

Mitchel, R. E. J. - Free radicals and radiation damage in membranes.
"Objectives of the Biology Branch", presented to
A. J. Mooradian, CRNL, 10 August, 1976.

MitcheJ; R. E. J. - Free radicals and radiation damage in cell
membranes. Biology and Health Physics Colloquium,
"Radiation Biology for the Non-Biologist", CRNL Main
Library, 20 August, 1976.

Myers, D. K. - Induction of tumors by radiation. Presented to
students from Department of Zoology, University of Toronto
(Radiobiology Course), February 1976.
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Myers, D. K. - Induction of tumors by radiation. Presented to
students and staff from Concordia University, Montreal,
Quebec, at CRNL, 26 March, 1976.

Myers, D. K. - Review of work on neutron therapy at Hammersmith
Hospital. Presented to Biology and Health Physics Division,
CRNL, 1 April, 1976.

Myers, D. K. - Report on seven symposia from the Radiation
Research Meeting in San Francisco. Presented at Biology
and Health Physics Division Seminar, CRNL, 13 July, 1976.

Myers, D. K. - Radiation hazards, dose effect curves.
"Objectives of the Biology Branch", presented to
A. J. Mooradian, CRNL, 10 August, 1976.

Myers, D. K. - Influence of DNA repair on assessment of
radiation hazards and Summary. Biology and Health Physics
Colloquium, "Radiation Biology for the Non-Biologist",
CRNL Main Library, 20 August, 1976.

Myers, D. K. - Report on International Conference on Particle
Therapy, Part II, Berkeley, Ca. Presented at Biology
and Health Pv -sics Division Seminar, 23 September, 1976.

Myers, D. K. - Biological effects of radiation. Presented at the
18th Annual Health Physics Course, CRNL, 4 October, 1976.

Myers, D. K. - Some problems in the experimental assessment
of radiation hazards. Presented at the Ontario Radiobiology
Conference, CRNL, 15 October, 1976.

Paterson, M. C. - Enzymatic mechanisms for the repair of
radiation damage to DNA. Presented at Meeting of ERDA
Biomedical and Environmental Program Directors with
Representatives from Canadian Federal < overnment
Agencies, CRNL, 27 May, 1976.

Paterson, M. C. - Repair in human cells - Ataxia. "Objectives
of the Biology Branch", presented to A. J. Mooradian, CRNL,
10 August, 1976.
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Paterson, M, C. - Repair of DNA in human cells. Biology and
Health Physics Colloquium, "Radiation Biology for the
Non-Biologist", CRNL Main Library, 20 August, 1976.

Paterson, M. C. - Lead Speaker for session entitled Radiation
biology at the molecular level. Presented at the Ontario
Radiobiology Conference, CRNL, 15 October, 1976.

Paterson, M. C. - Ataxia telangiectasia: An inherited human
disease featuring radiosensitivity, neoplasia and defective
DNA repair. Presented at the Ontario Radiobiology
Conference, CRNL, 15 October, 1976.

Unrau, P. - Repair and replication of DNA in fungi. Presented
to students from Department of Zoology, University of
Toronto (Radiobiology Course), February 1976.

Unrau, P. - Hereditary implications. Presented workshop as
a joint presentation with Dr. H. B. Newcombe to the Ottawa
Valley Science Teachers, 28 February, 1976.

Unrau, P. - Recombination repair in nucleated cells. "Objectives
of the Biology Branch", presented to A. J. Mooradian,
CRNL, 10 August, 1976.

Unrau, P. - Recombinational repair of DNA in nucleated cells.
Biology and Health Physics Colloquium, "Radiation Biology
for the Non-Biologist", CRNL Main Lib^E.?y, 20 August, 1976.

Unrau, P. - Evidence for recombination repair in the absence
of chromo~ imal replication, presented at the Ontario
Radiobiology Conference, CRNL, 15-16 October, 1976.

5. 22 INVITED SPEAKERS

Dr. J. F. Lemontt, Biology Research Division, Oak Ridge
National Laboratory, Oak Ridge, Tennessee, U. S. A -
"Induction and expression of radiation induced mutagenesis
in viable and non-viable cells", 5 January, 1976.

Dr. R. Sheinin, Department of Medical Biophysics, University
of Toronto, Toronto, Ontario - "DNA synthesis studied in
temperature-sensitive mammalian cells", 6 February, 1976.
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Dr. M. A, Hannan, Biology Division, National Research Council
of Canada, Ottawa, Ontario - "Nuclear stage and repair in
yeast", 12 April, 1976.

Mr. T. H. MacRae, Biology Department, University of Windsor,
Windsor, Ontario - "Studies on gliding motility in
myxobacteria", 17 May, 1976.

Dr. R. N. Nazar, Biological Sciences, National Research Council
of Canada, Ottawa, Ontario - "Studies on eukaryotic 5. 8S
ribosomal RNA", 30 April, 1976.

Dr. W. Verly, Department of Biochemistry, University of Liege,
Liege, Belgium - "Repair of apurinic sites inDNA",
13 April, 1976.

Dr. P. J. Smith, Paterson Laboratories, Christie Hospital and
Holt Radium Institute, Manchester, England - "UV effects
on somatic cell hybrids", 4 October, 1976.
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