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BIOLOGY AND HEALTH PHYSICS DIVISION SUMMARY

A.M. MARKO

Health Physics

Doses received by individuals exposed in a criticality accident
can be measured more reliably if one understands how the spectra and relative
intensities of the different emitted radiations vary with the composition of
materials in and around the critical system. Earlier studies of the effects
of composition on fast neutrons have now been extended to thermal neutrons
and to gamma radiation. It is found that the relative gamma and neutron
doses from water-moderated critical systems can be predicted just from
knowledge of the approximate volume of the system. The predicted ratio can
be used in determining the orientation of exposed people at the instant of
the excursion. Knowledge of orientation is necessary since, because of
attenuation in the body, the relation between neutron dose received and that
measured by a dosimeter badge depends strongly on the direction of the incident
neutrons.

An improved assay unit, for determining the amount of Pu in
wastes, has been designed for the Fuel Materials Branch. Like a commercial
unit presently in use, the new unit uses thermal neutron interrogation of
the waste. As a result of studies aimed at finding an optimal combination
of D2O and H2O for producing high fluences of thermal neutrons from a Pu-Li
source, the new unit is expected to have several times the sensitivity of
the present one.

A recently written computer program for processing thermoluminescence
dosimeter (TLD) readings will permit each TLD to have its own sensitivity
calibration. The measured calibration factor for each dosimeter is stored
in the computer and used to correct the measured dose. This technique will
reduce the cost of the TLD service by permitting old and newly-purchased
TLD's, having significantly different sensitivities, to be used together.
Without it, periodic replacement of the complete set of TLD's would be
necessary.

TLD's used in finger-tip dosimeters have been replaced by
thinner TLD's which measure beta-ray doses more accurately. Their reduced
sensitivity can be more than compensated by a special sensitization technique.

The performance characteristics of a new prototype monitor for
tritiated water-vapour in air have been measured. This monitor is more
than a hundred times more sensitive to HTO vapour than to HT, as is desirable
since the permissible concentrations in air of these two forms differ by a
large factor. The monitor also discriminates strongly against noble gases
(e.g. " A r , 1 3 3Xe) in air. All the measured characteristics are within the
original specifications.

Construction has begun on a "miniature" tritium-in-air monitor,
similar in size to typical gamma survey instruments. The sensitivity will be
limited to a few times the maximum permissible concentration in air.
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Construction is continuing on an improved xenon monitor for
measuring continuously the levels of radioactive noble gases in air released
from the 9 9Mo production facility. By measuring the gamma ray intensity at
three different energies, this monitor will record separately the levels
of 1 3 3Xe and 1 3 SXe.

Environmental Research

Work has started on a long-term environmental impact assess-
ment of the CRNL waste management areas. The current drilling program is
intended to define the distribution and transport of radionuclides around
Disposal Area "C". The information will be used to predict future release
rates to surface waters and to calibrate existing models of contaminant
transport in unconsolidated materials.

Some low-level analyses of xllC in environmental samples were
carried out for Ontario Hydro. A specific activity of 1.2 ± 0.2 Bq of 1 4C
per gram of natural carbon was measured in fruit growing 0.8 km from the
Pickering Nuclear Generating Station in 1978. A milk sample from a farm
about 8 km from Pickering G.S. contained 0.3 ± 0.2 Bq 1 UC per gram carbon -
the present-day background level of atmospheric carbon dioxide.

A more detailed examination of the geochemical factors determining
waste arsenic migration in ground water flow systems has been initiated.
Previous studies at CRNL have attributed the observed variations in arsenic
mobility to oxidation-reduction conditions in the soil-ground water system
and/or changes in pH of the ground water. The relative importance of these
two variables is being examined in field and laboratory experiments.

Studies have continued on the combined effects of thermal and
nutrient enrichment on the productivity of fresh water organisms. Productivity
of Ankistrodesmus (a green algae) was increased from 0.6 mg C/(m3-h) in
unheated lake water to as high as 895 mg C/(m3<h) in heated, nutrient-
enriched water.

A preliminary study of the plutonium content of surface waters
at CRNL has been made. The purpose of this study is to identify potential
sties for research on actinide behaviour in the environment. Some sites with
plutonium levels somewhat above fallout concentrations have been found.

For the modelling work on contaminant dispersion we have obtained
the Inland Waters Directorate (Environment Canada) version of the Sacramento
Watershed Model and adapted it for use in studies of the Perch Lake drainage
basin. This is a hydrological model for stream flow simulation using
environmental input data such as precipitation, soil moisture and evapo-
transpi ration.
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Orders have been placed for new equipment to replace outmoded
Branch counting instrumentation. Some of the new equipment has arrived and
is being put into operation. In addition to improving the quality and
reliability of our counting instruments, this equipment will allow a modest
expansion in capabilities so that new Branch members can be accommodated.

Population Research

The third phase of a long-term experiment on synergism in rats
has been started to determine whether ionizing radiation in combination with
certain environmental carcinogens, such as cigarette tar and other chemicals,
would increase the risk of tumours as compared with that from the separate
treatments.

In view of the difference in the numbers of hair follicles,
an experiment comparing the production of skin tumours between mutant hairless
rats and normal haired siblings is continuing. The major purpose of this
experiment is to assess the reliability of extrapolations of tumour yields
from rodent skin to human skin.

B i o1ogy

Work in the Biology Branch has continued to focus upon the
effects of radiation on a variety of living organisms, ranging from bacterial
viruses to humans. The principal sensitive target for long-term biological
effects of radiation on all living organisms is thought to be DNA, the
genetic material. The chemical nature of the damage caused in DNA by radiation
and other agents, and the response of cells to this damage, is being studied
by a variety of biochemical and genetic techniques.

During the past few months, a study on the genetic effects of
X-rays at lov/ dose rate has been largely completed. Gene conversions produced
in yeast by low doses of 150 kV X-rays were studied at dose rates between
0.8 rads (0.008 Gy) and 86 rads (0.86 Gy) per minute. The yield of gene
convertants. at the lowest dose rate was similar to (but perhaps 30% lower than)
the yield at the highest dose rate of X-rays, and was also similar to the
yield observed with y r a y s at a dose rate of 19,800 rads (198 Gy) per minute.
There was no indication of increased yield of genetic events per unit dose
at lower doses or lower dose rates.

The same yeast system is being used to study the relative biological
effectiveness of 3~radiation from tritiated water. From one preliminary
experiment with three different concentrations of tritium, it was tentatively
concluded that the yield of gene convertants per rad will be similar for
3-radiation and for X or yradiation. The preliminary data also suggest
that the dose-rate of 3-radiation will have little or no effect on the yield
of gene convertants. These results do not substantiate a recent report
by two Japanese authors using a similar test system. The experiments are
being continued in order to obtain definitive results.



Genetic changes can be a result of several different types of
process, e.g. a "point mutation" or single point change in the DNA coding,
a rearrangement of the information within a given DNA molecule, or the
exchange of genetic information between two DNA molecules. Gene conversion
is one particular example of the third type of genetic change. The exchange
of genetic information between two DNA molecules by a recombination system
occurs much more frequently than point mutation in irradiated yeast cells.
A test system has been developed to determine whether radiation will also
cause frequent exchanges of this kind in mammals. This new system depends
upon identification of appropriate coat colour changes in the off-spring
from parental mice with differing and appropriately selected genetic back-
grounds. Experiments with this new mouse system are now in progress.

Research is continuing on (a) the radiât ion-induced release of
membrane-bound components from the bacterial cell wall, (b) the induction of
genetic changes in yeast by carcinogenic chemicals, (c) radiât ion-induced
tumours in rats, (d) identification of the effects of ionizing radiatior, and
ultra-violet light on the DNA of living organisms, and (e) the radiation
sensitivity of human skin cells from individuals with rare familial diseases
associated with proneness to cancer development. In addition, a collaborative
paper has been prepared in which the health effects of energy development
were reviewed.
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2.1 STAFF
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G. Cowper

A.M. Steer (1)
H.D. Hamilton (2)

W.G. Cross
H. Ing

A.R. Jones

Assistants: A. Arneja (3)
P. J. Bunge
N.O. Freedman (4)

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

R.V. Osborne Assistants: A.S. Coveart
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R.M. Hoiford Assistant: L.W. Shankland

Personnel Monitoring R.M. Rondeau (Miss)
J.M. Vincent (Mrs.)

Draftsmen B.A.. MacDonald (5)
J.H. Sneddon (5)

Waterloo University Co-op Student

John van Zetten, working with A.R. Jones, reported
1979 January 2.

(1) Transferred to Commercial Operations Division,
1979 March 16.

(2) Temporary replacement, from Reactor Control Branch,
1979 March 15.

(3) Reported 1979 January 2.

(4) Reported 1979 February 26.

(5) On loan from the Drawing Office.
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2.2 NEUTRON DOSIMETRY

2.2.1 Relative Gamma Ray and Neutron Kermas in a Criticality
Accident - W.G. Cross and H. Ing

Although the ratio of kermas from gamma rays and
neutrons emitted by a critical system (K-y/Kn) can vary
by more than a factor of 50, we find that,for at least
2 important types of systems, this ratio can be estimated
to within a factor of 2 or better.

These systems are all-metal, unreflected critical
assemblies of known composition or aqueous solutions of
which the fissile isotope and approximate critical volume
are known. An important application of such an estimate
would be to obtain information on the orientation of a
person exposed in an accident. Since neutron kerma is
attenuated about 10 times in passing through the body,
while that from gamma rays is attenuated only 2 times, a
comparison of the estimated Ky/Kn ratio with that measured
by a dosimeter on the body could indicate whether radia-
tion was incident from the front or back.

For a fissile solution, the relation between the
concentration of fissile isotope and the critical volume
is known from standard criticality calculations. We
then calculate in succession (a) the number of neutrons .,.
escaping from the system per fission, (b) their spectrum
and consequent kerma per unit fluence (c) the gamma ray
energy from fission events, from short lived fission
products and from neutron capture in the system (d) the
fraction of gamma energy that escapes and (e) the gamma
kerma. The results are given as a graph relating Ky/Kn
to either critical volume or concentration of the fissile
isotope. For 2 3 5U solutions having volumes between 15
and 1000 litres the ratios vary from 1.4 to 8. The
calculated ratios agree with those measured for the
"CRAC" assembly (Valduc, France) and for the mock-up of
the 1958 Y12 criticality accident at Oak Ridge.

For a small, all-metal critical assembly, the
calculated ratio is 0.06 whereas the measured value is
1.7 times higher. Part of the difference is believed
to arise grom gamma rays from neutron capture in the
surroundings. The effect on Ky/Kn of transmission of
the radiation through shielding is being investigated.

(1) H. Ing and W.G. Cross, Health Physics 29, 839 (1975).



2.2.2 Ratios of Thermal to Epithermal Fluences for Neutrons
Transmitted Through Various Materials - W.G~. Cross and
H. Ing

Although fast neutrons provide most of the neutron
dose in a criticality accident, thermal and epithermal
neutrons may still contribute significant doses or may
have an important effect on the readings of the dosimeters
used. We have studied the ratios of thermal to epithermal
fluences, and corresponding dose ratios, for neutrons
transmitted by and scattered from various materials.
These ratios, for materials most likely to provide
moderation in accidents - concrete, H2O, aqueous solu-
tions of fissile elements and other hydrogenous
materials - can be predicted to within a factor of 1.5
by simple calculations based on diffusion theory. For
neutrons that have passed through these materials,
typical ratios of total thermal fluence to epithermal
fluence per unit lethargy are 15 for H2O and light
hydrogenous materials, 3 to 8 for concretes and 2 to
10 for critical fissile solutions. The ratio is nearly
independent of the energies of source neutrons provided
that these exceed about 2 MeV.

To determine experimentally the thermal/epithermal
ratios for neutrons escaping from critical fissile
solutions, we simulate the absorption properties of the
fissile material with boric acid and measure the ratios,
with resonance and thermal neutron detectors, for
neutrons that have passed through boric acid solutions
of various concentrations. The ratios are also being
calculated with a discrete ordinates code (ANISN).

Predicted thermal/epithermal ratios for 7 different
neutron sources used in IAEA criticality dosimetry
intercomparison experiments are in agreement with mea-
surements.

2.2.3 Spectra of Neutrons from Calibration Facilities - H. Ing
and W.G. Cross

The Environmental Measurements Laboratory (EML) of
the U.S. Department of Energy is starting a program for
studying the spectral characteristics of stray neutrons
inside the containment of pressurized light-water power
reactors. Part of this program requires the evaluation
of the response of various detectors to different,
standard, neutron spectra. These are to be produced by
filtering neutrons from a 252Cf source through different-
materials. The assemblies chosen are C2H4 spheres 20.3
and 4 5.7 cm in diameter, with and without an exterior Fe



- 9 -

shell 10.2 cm thick. They have a central cavity 1.2 cm
in diameter to house the Fe-encapsulated neutron source.
We were requested by EML to calculate the neutron leakage
spectra for these assemblies.

Preliminary calculations have been made with the
ANISN(l) code using a P3S16 approximation and 100 space
mesh points. The cross sections and related nuclear data
for the calculations were generated from ENDF/B IV files
using the SUPERTOG(2) code. The results obtained for
the 20.3 cm C2H4 sphere are in reasonable agreement with
the spectrum of fission neutrons transmitted through 10
cm of H2O calculated previously(3) using the Monte Carlo
method. No calculated results are available for compar-
ison with the large C2H4 sphere and for the C2H4 + Fe
assemblies. Calculations will be made for all these
assemblies using Monte Carlo to provide an independent
check on the validity of the ANISN results.

2.2.4 Design of a Pu-Waste Assay Unit - H. Ing and W.G. Cross

The design of a new Pu-waste assay unit (PR-B-116)
required the investigation of thermal neutron distribu-
tions produced in various moderators by a Pu-Li source
(PR-B-117). Calculations for D2O and H2O spheres of
various sizes have already been reported (PR-B-120).
We have now completed the calculations for a Pu-Li
source surrounded by different thicknesses of D2O moder-
ator followed by H2O reflectors.

These investigations indicated that for distances
less than 4 cm from a Pu-Li source, highest thermal
fluences are produced by using only H2O as the moderator.
However, at greater distances, the use of D 2O followed
by a thick (>7 cm) H2O reflector can considerably
increase the thermal fluence. For instance, at 20 cm
from the source, the D2O-H2O combination gives a thermal
fluence which is 25 times that of H2O alone.

Based on these calculations, a final design of a
Pu-waste assay unit has been made. It consists essentially
of a cylindrical irradiation cavity (25 cm in diameter x
2 5 cm high) inside another cylinder (35 cm in diameter x
2 7 cm high) which contains D2O. The inner cylinder is
placed to one side of the central axis of the outer
cylinder and the Pu-Li source, enclosed by 5 cm of paraffin,

(1) W.W. Engle, Jr., Union Carbide Corporation Report
K-1693 (1967).

(2) R.Q. Wright, N.M. Greene, J.L. Lucius and C.W. Craven,
Jr., Oak Ridge National Laboratory Report ORNL-TM-2679
(1969) .

(3) H. Ing and W.G. Cross, Health Physics, 29 839 (1975).
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is located inside the D2O medium, between the cylinders.
The outer cylinder is surrounded by 7.5 cm of paraffin
serving as the reflector.

Detailed drawings for the assay unit have been made
and the unit is awaiting construction.

2.3 THERMOLUMINESCENCE DOSIME1RY - A.R. Jones

A computer program has been written to permit the
use of personnel TLD1 s with different sensitivities
(PR-B-119). Calibration factors for each identified
dosimeter, including those used as standards,are stored
in the computer and, after each dosimeter is read and
identified by the automatic TLD reader, the program is
used to correct for individual variations. The use of
this program permits

- purchase of new TLD ' s whose sensitivities do not
necessarily match those of our existing stock

- sensitization of TLD'sand their use at the same
time as unsensitized TLD1s

- continued use of TLD1 s whose sensitivities have
been altered by use.

A description of the program is being written to permit
its use by WNRE (or any other user of AECL automatic
TLD readers).

To read unmounted (and unidentified) TLD's, part of
a commercial automatic reader has been bought and a
control system is being designed and built for it. The
reader accepts up to 48 measurement and 4 control TLD's
in its magazine. The control system will use a teletype/
paper tape punch as output. After the TLD'shave been
read, the magazine will be removed from the reader and
all dosimeters given the same dose of y-rays. Finally
they will be re-read to provide an individual calibration
of each TLD. A calculator program that combines the two
sets of data and calculates up to 4 8 exposures is being
prepared.

A new set of teflon-encapsulated TLD1 s has been
purchased for finger-tip dosimetry. Since the doses to
the finger tips often are mainly from 3-sources, 0.13 mm
thick TLD1 s were bought in place of the 0.4 mm ones uses
before. The thinner TLD1 s measure doses from low energy
3-rays more accurately but are proportionately less
sensitive. However, tests show that the same sensitization
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technique which has been used with extruded ribbon LiF
can be applied to the Teflon discTLD's. By applying
sensitization, the loss of sensitivity in the thinner
TLD'shas been more than compensated.

To reduce the residual signal from previous TLD
exposures, the TLD reader for finger-tip TLD1 s has been
modified. After reading is completed (by heating the
TLD to 240°C) the TLD temperature is raised to 280°C.
During this part of the heating cycle no signal is taken
from the photomultiplier.

Construction of the mechanical components for a new
prototype automatic TLD reader (PR-B-120) has begun.
These components will be similar to those in the exist-
ing reader (AEP-5256A) but they will be modified to
contain a light source and means for monitoring the TLD
position.

2.4 RADIATION INSTRUMENT DEVELOPMENT - A.R. Jones

2.4.1 Very High Range Gamma Survey Meter AEP-5309

After tests on silicon surface barrier detectors
and detectors made by combining silicon photo-diodes
with plastic scintillators, it was decided to use the
first in the very high range survey meter. The
decision was made on the basis of measured performance
(sensitivity, temperature dependent drift and energy
dependence), size, weight, availability and price. A
laboratory prototype of the survey meter has been built
and tested. Preliminary mechanical design is complete
and an engineering prototype is being built.

2.4.2 Portable Contamination Meter AEP-5217A

Field tests at CRNL have been completed and the
engineering prototype is being loaned to Ontario Hydro
(CHPS) for evaluation.

2.4.3 Wide Range Survey Meters AEP-5288,A

Following field tests at CRNL of the engineering
prototypes the count rate circuits have been modified.
The variable (with dose rate) time constant has been
replaced by a fixed one. The most important consequence
is a faster response and poorer statistics at the bottom
end of each scale. The modification, which has been
applied to those units already built, is simply effected
by the removal of certain components.

A manual for these two survey meters is being
prepared.
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The engineering prototype of the liquid crystal
version (AEP-5288,A) is being sent to Ontario Hydro
(CHPS) for evaluation.

2,4.4 Background Gamma Survey Meters AKP-53_0_2_,A ;

A report has been issued describing the design.
performance of these survey meters. The enyineerm]
prototype of i he liquid crystaJ version {.\np-530i , * ' is
being sent to Ontario Hydro (CHPS.: for evaluatio:..

2.4.5

A prototype calibrator has been designed and tui.lt
to permit the testing or adjusting of survey meters
(AEP-2153,A,B and 5288,A,B) on all their gamma ranges.
It can also be used to "read" the accumulated dose to
the AEP-5288,A,B by measuring "he additional des-
needed to trigger the alarm of this survey mater.

The calibrator contains a 200 mCi ;'• 7 GBq> ' Co
source and a series of attenuators to provide aefir.ed
dose rates at the positions of the detectors of th-.i
survey meters.

The calibrator has been calibrated and measurements
made of the dose rates to the user when rncikinç adjust-
ment. The calibrator has been returned to the P. .-ix.S.
Branch for their use and evaluation. Engineering
drawings of the calibrator will be prepared when effort
is available.

2.4.6 Bore Hole Probe

The probe has been received and the circuits designed
for it tested with it. The mechanical design of the
printed circuit has been done and the circuit is being
constructed.

2.4.7 Multichannel Area Monitor for X-Rays

The construction of the monitor is in progress.

2.4.B A Low-Range Version of the Multichannel Area Monitor
AEP-5282 ' "

One channel of the monitor has been modified to
measure y-dose rates in the range 2 0 prad/h - 2 mrad/h
(0.2-20 yGy/h) using a large sensitive GM counter.
(For Nuclear Physics Branch.)
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2.5 REPRODUCIBILITY OF RADON AND THORON DAUGHTER SPECTRA ON
FILTER PAPER SAMPLES - A.R. Jones

Sample spectra have been taken by drawing air through
the filter paper during the working day and counting for
the last 1000 s. Counting has been done in 3 channels

- 3.61 to 4.85 MeV (for counting 239Pu)

- 4.86 to 6.50 MeV (for counting 2 1 8Po, 212Bi and a
fraction of the a's from 211tBi)

- 4.86 to 10 MeV (for counting all radon and thoron
daughters).

Thirty such samples have been taken. The following
table shows that by subtracting a fraction of the counts
in the upper channels from the counts in the 239Pu
channel a modest but useful reduction in background
counting rate is obtainable.

Mean Counting Rate Standard
Deviation

Background Counts.s"1

Uncorrected count rate in
the 239Pu channel 0.71 0.30

Corrected background by
subtracting h of counts in
channel above 239Pu channel 0.19 0.14

Corrected background by
subtracting 1/10 of all
counts above 239Pu channel 0.17 0.19

More samples are needed to determine which of the
two methods is better. Greater background reduction can
be obtained by subtracting larger fractions of the
counts in the upper channels but this would frequently
produce an apparently negative background and reduce the
response to 239Pu.

2.6 SPECIFICATION OF A FUEL ROD MONITOR - A.R. Jones

The specification referred to in PR-B-120 has been
completed. This includes a drawing showing the important
dimensions of the radiation detector and a description of
the electronics needed to process the signals from the
detector.



2.7 TESTS OF A HIGH TEMPERATURE GM COUNTER - A.R. Jones

Tests were made on a high temperature GM counter
intended for the detection of contamination in CANDU
reactor feeder pipes. The counter is required to operate
at 300°C. The tests revealed that the GM counter would be too
sensitive for the application unless the y~raâiation
fields could be considerably reduced. Further, the
characteristics of the GM counter altered appreciably
after a few hours operation, while exposed to y-rays, at
300°C. It failed completely in less than 70 hours.

2.8 TRITIUM MONITORING - R.V. Osborne

2.8.1 Monitor for Tritiated Water-Vapour in Air AEP-5270

Detailed testing of the prototype monitor has been
completed prior to sending the monitor to NPD, Rolphton,
for evaluation. The results of the tests, which indicate
a performance well within the original specifications,
are as follows:

- Response to tritiated water vapour (HTO). The
measured sensitivity in V/(MPC)a is within 2% of
that predicted from the measured values of the
ionization chamber volume and electrometer
conversion, after correction for the effects of
air humidity and flow rate as discussed below.
These effects are similar to those associated
with the measurement of the concentration of
tritium in air by liquid scintillation counting
of the water vapour samples collected in
bubblers.

- Response to other gaseous radionuclides and gamma
radiation. The sensitivities of the monitor to
fields from various gamma sources (226Ra, 60Co,
13 7Cs) and to the presence in sampled air of
various noble gases (^Ar, 133Xe, 135Xe) are less
than 1.5% of the sensitivity of a single, uncompen-
sated chamber having the same volume as the
sampling chamber in the monitor. The percentage
cancellations of the signals from gamma rays are
not the same as those from noble gases, within
the experimental errors in the measurements, and
a satisfactory explanation for this has not been
found.

- Effect of sampled air humidity. At low relative
humidities, sorption of tritiated water vapour
on the chamber surfaces increases the ratio of
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the activity of tritium in the chamber to the
concentration in sampled air. With this chamber,
the observed variation can be explained by a
sorbed layer of about 0.13 ug/cm2. The effect
is about 6% at a dew point of -15°C Since air
sample humidities are unlikely to be as low as
this, this source of error should be of no concern.

- Sample flow rate variation. The sensitivity
changes by only 1% per L/min change in flow rate
about the nominal value of 4 L/min. The calibra-
tion for tritium and cancellation of gamma ray
and noble-gas signals are therefore not sensitive
to the sampling conditions.

- Clean-out after sampling HTO. After removal of a
source of HTO in the sampled air, the output
signal decreases in 5 min to 2.5% of the previous
steady value. One percent is not reached after
15 min.

- Battery lifetime. The standby battery is provided
to allow continued operation of the monitor during
line-power failures and during movements from one
sampling location to another. The sensitivity and
ability to cancel interferences from noble gases
have been observed to be maintained for 2 h. At
this time, a decrease in battery voltage produces
a rapid upward drift in the zero offset of the
output signal, which reaches l(MPC)a after 2.5 h.

- Dryer performance. Continued removal of most of
the water vapour from the air going to the
ionization chamber that provides the noble gas
cancelling signal is essential. The observed dew
point in air from the dryers is less than -43°C
after intermittant operation in the vaccum self-
purging mode for several years. For sampled air
at a dew point of 10°C, this corresponds to
removal of 99.3% of the moisture.

2.8.2 Portable Tritium-in-Air Monitor AEP-5321

The construction has started of a miniature {by
current standards) portable tritium-in-air monitor
designed to be very portable and inexpensive. The
compromise made is in sensitivity; the monitor will be
able to monitor only down to a few (MPC)*as. The
monitor will have dual ionization chambers for gamma
cancellation, an 'add-on' dessicant capsule for noble
gas cancellation and a single-range electrometer with
digital output. The size is similar to that of the
commonly-used gamma survey instruments.
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2.8.3 Scintillation Counting

Plastic scintillator sheets are used in two tritium
monitors; AEP-5252, a water effluent monitor, and AEP-
5275, a tritium-in-air monitor. A method of coating a
non-scintillating plastic substrate (Mylar for example)
with a 2 ym-thick layer of plastic scintillator has been
developed which considerably reduces the amount of
scintillator required in a detector, and therefore the
cost, and also reduces the sensitivity to gamma radiation.
The films appear to be stable in water and have a light
output from tritium irradiation similar to that of the
sheets currently used.

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

Work has continued on the design and construction
of the Xenon monitor, AEP-5320 (PR-B-12C) for measuring
the levels of radioactive noble gases in the air released
from the 99Mo production facility. The pulse amplifier,
discriminators, and logarithmic conversion circuits have
been designed and tested as 'bread-boards', and printed
circuit boards have been laid out and ordered for these
modules.

In order to cover a wide range of activities, at
least up to the official release limits for the 99Mo
facility, a smaller scintillation crystal and air chamber
will be used in the final version than in the prototype
now in use. Experience with this prototype has shown
that high levels are rare in practise. However, the
logarithmic chart recorder will cover six decades of
activity, 1 yCi/m3 (37 kBq/m3) to 1 Ci/m3 (37 GBq/m3)
for each of the three channels to be monitored, 1 3 3Xe,
135Xe and 'miscellaneous' (treated as 1 3 5Xe).

Design of the final part of the instrument, the
printing sealer and clock, is still in progress. A
commercial integrated circuit has been selected which
apparently meets the requirements for the 'clock1, and
samples have been ordered for evaluation. The intention
is to add additional multiplexers to the existing design
for the printing sealer (AEP-5291) so that a date and
time will also be displayed and printed. The 'alarm'
output of the clock circuit will be used to control
routine printing, every 2 4 hours, of the accumulated
activity released.
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2.10 ROUTINE DOSE MONITORING - R.M. Rondeau and J.M. Vincent

2.10.1 Body Radiation Doses

In the fourteen-week period ending 1979 February 23
and in the calendar year to this date there are the
following distributions of radiation exposures.

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

CRNL - Whole Body Dose

Dose Range
rem

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

66
2057
145
19
3
1

133

136

Total
Dose

Man-rem

0
181.41
96.92
22.40
9.86
2.13

mrem

mrem

Calendar Year

No. of
monitored
persons

65
2187

64
5

Total
Dose

Man-rem

0
144.96
39.88
6.09

82 mrem

85 mrem
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Radiochemical Company - Whole Body Dose

Dose Range
re.u

no radiation
0 - 0.49
0.50 - 0.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

12
184

5

Total
Dose

Man-rem

0
16.37
3.00

96 mrem

102 mrem

Calendar Year

No. of
monitored
persons

15
185

1

Total
Dose

Man-rem

0
11.29
0.50

59 mrem

63 mrem

CRNL - Surface Dose

Dose Range
rem

no radiation
0.50 - 0.99
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 1
person

Fourteen Weeks

No. of
monitored
persons

66
2062
157
28
6
2

142

147

Total
Dose

Man-rem

0
175.86
108.26
32.31
10.01
4.19

mrem

mrem

Calendar Year

No. of
monitored
persons

65
2177

73
6

Total
Dose

Man-rem

0
147.27
46.85
7.00

87 mrem

89 mrem
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Radiochemical Company - Surface Dose

Dose Range
rem

no rad ia t ion
0 - 0.49
0.50 - 0.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored

persons

12
182

<1

116

123

Total
Dose

Man-rem

0
18.52

4.74

mrem

mrem

Calendar Year

No. of
monitored

persons

15
184

2

Total
Dose
Man-rem

0
12.34

1.08

67 mrem

72 mrem

2.10.2 Hand Radiation Doses

In the fourteen-week period ending 1979 February 23
and in the calendar year to this date the following
distributions of extremity doses were measured by finger-
tip TLD's.

Dose Range
rem

less than 0.99
1.00 - 1.99
2.00 - 3.99
4.00 - 5.99
6.00 - 7.99

CRNL

Calendar Fourteen
Year Weeks

80 96
9 23
2 10
2 2

1

Radiochemical
Company

Calendar Fourteen
Year Weeks

9 7
1 5
3 4

1

Engineering
Company

Calendar Fourteen
Year Weeks

0 1
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2.11 PUBLICATIONS AND LECTURES

2.11.1 Publications

R.M. Holford and R.V. Osborne, "Theoretical Variations
in the Concentration of Tritium in the Heavy Water in
CANDU Reactors Caused by the 3He(n,p)3H Reaction",
Nuc. Sci. Eng. 69̂ , 14 (1979).

A.R. Jones, "Two Survey Meters for Measuring Low Gamma-
Ray Dose Rates", AECL-6407, January 1979.

2.11.2 External Lectures

G. Cowper & M.R. Davenport, "An Instrument for the
Measurement of Long Term Average Radon Levels, presented
at the IAEA Symposium on Advances on Radiation Protection
Monitoring, Stockholm, June 26-30, 1978.

G. Cowper, "Averaging, Weighting and Other Problems
Associated with the Recommendations for Occupational
Exposure in ICRP Publication 26", presented at IAEA/
ICRP Seminar on Practical Implications of ICRP
Recommendations (Publication 26), Vienna, March 5-9,
1979.

G. Cowper, "Radiation Monitoring in Power Reactors, Some
Problems and Solutions", presented at Can. Nuclear.
Assoc., Symposium on Nuclear Instrumentation and Control,
Toronto, February 19-20, 1979.

2.11.3 Internal Lectures

H. Ing, "Health Physics at CRNL", presented to visiting
University of Toronto students at CRNL, February 21,
1979.
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3.1 STAFF

3.1-1 Branch Head - I.L. Ophel

Environmental Chemistry and Meteorology

P.J. Barry Assistants: P.C. Jay
R.E. Légère
E. Robertson1

D.P. Wildsmith

L.K. Hendrie2

A.G. Price2 Assistant: T.J. Mathers2

Environmental Impact Assessment

P.J. Barry

R.W.D. Killey3 Assistant: J.H. Munch

Natural Isotope Studies

R.M. Brown Assistant: R.J. Schultz1*

Biochemistry and Microbial Radioecology

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

Radiochemistry and Terrestrial Radioecology

E.L. Cooper Assistants: G. Lahaie
L.A. Mask
H.M. McLaughlin

Contaminant Hydrogeochemistry

R.E. Jackson5 Assistant: K.J. Inch5

!0n educational leave from 1979 January 01 to March 30.
2Dept. of Geography, University of Toronto, Toronto,
Ontario. A.G. Price and T.J. Mathers became attached
staff on 1979 March 26.

3Joined the Branch on 1979 January 08.
11 Joined the Branch on 1979 February 12.
5Attached staff from Inland Waters Directorate, Environ-
ment Canada, Ottawa, Ontario.
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3.1.1 Staff (cont'd)

Biology and Aquatic Radioecology

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

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

Hydrology and Trace Element Analysis

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

Secretarial

D.J. TerMarsch

3.1.2 Other Attached Staff

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

J.F. Pickens - Inland Waters Directorate, Environment
Canada, Ottawa, Ontario. Working on a cooperative pro-
ject with W.F. Merritt on dispersion of solutes in flow
through granular media.

K.E. Lyon and T.G. Spoel - Dept. of Geological Sciences,
Queen's University, Kingston, Ontario. Working on a
research contract between AECL and the University.

G.M. Milton - Dept. of Earth Sciences, University of
Waterloo, Waterloo, Ontario. Working on a Ph.D. Thesis
project with R.M. Brown. Joined the Branch on 1979
February 26.
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3.2 BENEFICIAL USES OF WASTE HEAT - J.W. McMahon and A.E.
Docherty

3.2.1 Aquaculture of Fresh Water Organisms

Studies on the combined effects of thermal and
nutrient enrichment on fresh water phytoplankton were
continued. In one experiment lake waters, isolated in
polyethylene enclosures located in a temperature con-
trolled outdoor pool, were inoculated with pure cultures
of the green algae Ankistrode s mus faîaatus . One enclo-
sure was enriched with (P + N) x 3 above lake water
values, a second contained (P + N) x 5 while the third
served as a heated control. Two similar enclosures were
located in Maskinonge Lake (temperature 5°C), one of
which received a nutrient loading of (P + N) x 3.

Maximum primary productivity values obtained in
the unaltered and nutrient-enriched lake waters were 0.6
and 2.2 mg C/(m3-h). Productivity values in the thermally-
enriched cultures ranged from 5.6 mg C/dn^-h) in the heated
control enclosure to 895 mg C/(m3-h) in the heated culture
receiving (P + N) x 3. Organic carbon content of the
lake enclosure receiving neither heat nor nutrient addi-
tions was 1.7 g/m3 as compared to 37.4 g/m3 in the heated,
nutrient-enriched (P + N) x 3 enclosure.

Initial attempts to mass culture two additional
green algae Chlorella vulgaris and Soenedesmus bijugatus
in heated, nutrient-enriched Maskinonge Lake water have
been unsuccessful. This work is continuing.

An experiment designed to evaluate the effect of
nitrate (KNO3) vs. ammonia (NH4CI) on the primary pro-
ductivity of A. faîaatus in thermally-enriched water is
currently in progress.

Design plans for the proposed enlargement of the
thermal aquaculture facility comprising five 5 m dia.
experimental pools with separate warm and cold water
circulatory systems for improved temperature control have
been completed. Laboratory culturing facilities have
also been upgraded to handle the culturing of micro-
crustacea. These primary consumers will be maintained
on algae cultured in thermally-enriched lake waters.
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3.3 COMPARISON OF ALGAL GROWTH IN NATURAL WATERS - J.W.
McMahon and S-R. Gentner

Laboratory studies designed to assess the nutri-
tional requirements of pure algae species growing in
filtered lake water are continuing. Algae samples are
also being analyzed on a routine basis for protein and
carbohydrate content.

3.4 TEMPERATURE EFFECTS ON MACROPHYTES - J.W. McMahon,
S-R. Gentner and A.E. Docherty

Cultures of Vallisneria spiralis have been main-
tained, under laboratory conditions, throughout the
winter months.

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

A more detailed examination of the geochemical
factors determining arsenic migration in ground water
flow systems has been initiated. Our previous studies
have attributed the observed variations in arsenic
mobility in sand columns to oxidation-reduction reac-
tions occurring in the sand and/or changes in the pH
of the ground water. The relative importance of these
two variables is being examined in complementary field
and laboratory experiments.

In the laboratory, the pH dependence of arsenic
adsorption on the Perch Lake basin sands is being
examined in batch experiments. The sands have been
equilibrated with distilled water adjusted to various
pH's, radioactive As(III) or As(V) added, and adsorp-
tion followed with time of incubation at 10°C in a
refrigerated shaking water bath. Preliminary results
suggest that the variations in adsorption observed in
column experiments may be primarily due to pH variations
of the eluting ground water.

In the field, we have attempted to vary the
chemistry of the ground water and observe the effect on
arsenic migration through sand columns. Initial experi-
ments have focused on varying the pH of the ground water.
In ground water from a reducing environment (pH = 8.2,
measured potential = -180 mV) wo have been able to re-
duce the pH to approximately 5 while having minimal
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3.5 BIOGEOCHEMISTRY OF THE WASTE MANAGEMENT AREA (cont'd)

effect on the oxidation-reduction characteristics of
the ground water (pH = 5.1, measured potential = -130
mV). In these experiments various acids, deaerated
continously with N2, have been metered into a closed
flow cell through which ground water has been con-
tinuously pumped. This pH adjusted ground water is now
being used to study the elution behaviour of arsenic
from sand columns.

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

3.6.1 Role of Organic Matter in Perch Lake

A change-over of laboratories took place during
this quarter and all instrumentation associated with the
radioecology laboratory was moved to a new Instrurent
Room. Setting up of instrumentation for routine
trace element analysis of environmental samples was com-
pleted.

I
3.7 PERCH LAKE PROJECT

3.7.1 Energy Budget, Lake Evaporation and Hydrology - E.
Robertson, P.J. Barry and R.E. Légère

Analysis of last year's field data has continued.
The energy budget model has been run under a variety of
conditions to test its sensitivity to uncertainties in
the values of parameters obtained from the field data.
This work is continuing.

3.7.2 Snow Density Studies - P.J. Barry and E. Robertson

Routine observations have continued during the
period. Two incidents involving heavy rains and a pro-
longed period of unreasonably warm weather have given an
opportunity to check the proper working of the equipment
in advance of the main spring melt.

3.7.3 Water Budget and Lake Chemistry - P.C. Jay and P.J. Barry

Tritium analyses of daily water samples from Perch
Lake outlet, Perch Creek weir and No. 1 and No. 2 inlets
were continued.
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3.7.3 Water Budget and Lake Chemistry (cont'd)

Four Autoanalyzer systems are now being set up for
analysis of four major anions (chloride, sulfate, phos-
phate and nitrate-nitrite). A Monitor IV Autoanalyzer
was borrowed from the General Chemistry Branch and set
up for the analysis of chloride. Since it had been used
for on-line analysis only, it had to be modified to
handle individual samples. The sensitivity of the Auto-
analyzer had to be increased also.

Three other similar systems are being set up from
borrowed or surplus sources so that analyses for the
other major anions can be done soon after the water sam-
ples are collected.

3.7.4 Snow Course - P.C. Jay

The weight and depth of snow are measured every
week on two extensive snow courses. These measurements
are used to estimate the spring runoff from the various
drainage areas into Perch Lake. On 1979 March 10 there
was 20 cm of equivalent water lying in the drainage
areas in the form of snow. This represents the most
water remaining at this date since this work was started
six years ago.

3.7.5 Data Storage - D.P. Wildsmith

The Inland Waters Directorate (Environment Canada)
version of the Sacramento Watershed Model is now on
permanent file. This is an hydrological model for stream
flow simulation based on a system of percolation, soil
moisture and ground water storages, drainage and evapo-
transpiration characteristics.

The data bank associated with this model, which
is currently being updated, is also on permanent file
and consists of the following data (Table 3.7.5).

3.7.6 Evaporation Pans - D.P. Wildsmith

Evaporation pan daily readings were discontinued
as of 1978 October 01 for the winter months. The collec-
tion and processing of wind data is continuing, as are
the daily soil temperature readings.



Table 3.7.5 Sacramento Model Data Bank
(for Perch Lake)

Data Type

Precipitation

Rain and melt Perch Lake inlet #1
n n H H H H u 2

ii it ii ii it ii ji -a

n It It It il II u A

Maximum temperature
Minimum temperature

Perch Lake outlet discharge
Perch Lake inlet #1 discharge

#2
11 II II Ji O II

#5

Evaporation northwest site
" lake
11 southeast site

Sunshine Petawawa

Perch Lake net radiation

Perch Lake wind northwest site
lake

11 " " southeast site

Units

inches

inches day~l
tt

H

H

Op
II

cubic feet/second

II

II

inches

II

nours

Langleys

miles
H

M

Period

1968-1976

1969-1976
ti

H

II

1968-1976

1967-1975
1968-1975

II

II

tl

1972-1975

1970-1976
1975-1976
1969-1975

1968-1976

1975-1976

1968-1976
1975-1976
1968-1975
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3.8 STACK ARGON MEASUREMENTS - D.P. Wildsmith and P.J.
Barry

Occasional monitoring of the argon released from
the stack is continuing during 1979. CO2 is introduced
into the J-rod'annulus of NRU primarily to replace the
moist air and thus reduce the corrosion rate of the
reactor vessel. A useful byproduct is that the volume
of air present is greatly reduced, resulting in a much
reduced 4lAr release from the main reactor stack. The
following results have been obtained for 1979 (Table
3.8).

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

Nothing further to report.

3.10 WASTE MANAGEMENT AREAS

3.10.1 Soil and Ground Water Sampling - W.F. Merritt and B.A.
Ris to

Further tracer tests at the Rod Bays in Bldg. 204
have revealed that the Examination Bay is also leaking.
A caisson was built that isolated vertical sections of
the bay walls but tracer tests with dye failed to reveal
any leaks. Dye tests in a second caisson that isolated
sections of the bottom seam of the wall have shown that
leaks are present.

Soil and ground water sampling in the vicinity of
the East Swamp stream indicate that radioactivity moving
underground in the first glass block test area (Blimkies
meadow) comes from recharge from the stream, rather than
directly underground from either the Chemical or the
Reactor pit.

3.10.2 Arsenic in Environmental Samples - I.L. Ophel and J.M.
Judd

Nothing further to report. Sampling will continue
in the spring when surface waters associated with Waste
Management Area "F" have thawed.



41Table 3.8 Measured Ar Releases from Main Reactor Stack 1979

Sam
Date

Jan.

Jan.

Mar.

23

24

15

pling
Time

13:38-13

10:03-10

09:58-10

:42

:07

:02

4lAr
GBq-d"1

36.9

170.5

140.5

X

X

X

I03

103

103

N:
megawatts

105

103

CO2 (%)

95

95

not operating

NRX
megawatts

not operating

24.4

25.9

GBq-d"1

• MW-1

351

1152

5425

ERROR in PR-B-120, AECL-6453, p. 34, Table 3.8, Column 3: Last two items for
December 07 should read 26.1 x 104 and 26.2 x 104 respectively.



- 32 -

3.11 COOPERATION WITH OUTSIDE ORGANIZATIONS

3.11.1 Survey of East Swamp - P.C. Jay

Tritium analyses of samples from East Swamp near
the CRNL Liquid Waste Disposal Area, in cooperation
with D.R. Lee of the University of Waterloo, have been
discontinued for the winter months.

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

The Background Air and Particulate Sampling Sta-
tion established on the Mattawa Road in the CRNL con-
trolled area in cooperation with the Atmospheric Environ-
ment Service of Environment Canada has been in operation
and monitored on a daily basis since 1978 July 05. Dur-
ing the winter months of 1978-79 difficulties were en-
countered with the mechanical raising and lowering of
the 30' boom to which the air samplers are attached. As
a result of this, the Atmospheric Environment Service are
now in the process of redesigning the boom arrangement.
Replacement of the existing boom arrangement is scheduled
for mid-1979.

•3.12 CONTAMINANT HYDROGEOCHEMISTRY - R.E. Jackson and K.J.
Inch

R.E. Jackson's Ph.D. thesis entitled "Hydrogeo-
chemical Processes Affecting the Migration of Radionu-
clides in a Shallow Ground Water Plow System at the
Chalk River Nuclear Laboratories" has been completed
and submitted. Another paper based on CRNL studies
entitled "The Adsorption of Radionuclides in a Fluvial
Sand Aquifer" has been written and will be presented
before the Division of Environmental Chemistry, American
Chemical Society, Hawaii, 1979 April.

A continuation of this work is still being carried
out. From the contaminated aquifer, sand grains of simi-
lar size where separated into their different mineralogi-
cal fractions, e.g. biotite, quartz, feldspar, etc. A
comparison was made of the amount of radioactivity ad-
sorbed by each fraction. These separated fractions will
be analyzed by the General Chemistry Branch by x-ray
diffraction and emission spectroscopy to determine both
the surface and bulk composition.
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3.12 CONTAMINANT HYDROGEOCHEMISTRY (cont'd)

L.M. Johnston (Environment Canada) is still con-
tinuing her monthly ground water sampling program.

3.13 RATIO OP AQUEOUS TO ORGANICALLY-BOUND TRITIUM IN MILK
- R.M. Brown and R.J. Schultz

Difficulty has been encountered in obtaining con-
sistent results for the organically-bound tritium content
of milk samples near natural levels. This can lead to
erroneous conclusions on the ratio of tritium in the
aqueous and organic fractions of the milk. Techniques
to insure freedom from contamination during drying and
combustion are being investigated.

3.14 CARBON-14 IN FRUIT AND MILK FROM THE VICINITY OF PICKERING
NUCLEAR GENERATING STATION - R.M. Brown

A specific activity of 1.2 ± 0.2 (2a statistical
error) Bq carbon-14 per gram natural carbon has been mea-
sured for a sample of pear fruit grown 0.8 km from the
Pickering Nuclear Generating Station in 1978. A milk
sample from about 8 km distance from Pickering had a con-
tent of 0.3 ± 0.2 Bq ^C/g carbon, the present-day back-
ground level of atmospheric carbon dioxide.

These measurements were done by liquid scintilla-
tion counting of a gel of Packard "Instagel" and Na2CO3~
NaHCO3 solution resulting from the absorption of combus-
tion carbon dioxide in 1 N NaOH.

3.15 ISOTOPIC COMPOSITION OF PRECIPITATION ACROSS CANADA -
R.M. Brown with R.D. Drimmie and P. Fritz, University of
Waterloo

Analysis of the tritium, deuterium and oxygen-18
content of monthly composite samples of precipitation
from nine sites across Canada has been continued. The
several years data now accumulated will be correlated
with geographic, seasonal and meteorological factors.
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3.16 GROUND WATER MOVEMENT AT WNRE WASTE DISPOSAL AREA -
R.M. Brown with O. Quinn and J.A. Cherry, University of
Waterloo

Analysis of additional ground water samples from
this site has confirmed the presence of mounds of old
tritium-free water surrounded by water of up to 100
Tritium Units (12 Bg/L). At shallower depths tritium
concentrations range no higher than 400 TU (48 Bq/L).
This raises questions about the fate of the 1963-64 pre-
cipitation which had concentrations of 870-1750 TU
(104-210 Bq/L) present-day values in summer and 430 TU
(52 Bq/L) present-day in winter. Evidently the tritium
concentrations of water reaching the water table was
significantly reduced in the course of infiltration,
possibly by (i) selective recharge from winter precipi-
tation due to evapotranspiration of summer precipitation,
(ii) extensive dispersion processes acting on the water
that did reach the ground water table.

3.17 URANIUM ISOTOPE DISEQUILIBRIUM IN NATURAL WATERS - G.M.
Milton, University of Waterloo and R.M. Brown

A study of the disequilibrium of uranium isotopes
in water from crystalline rock areas is being initiated.
This involves the recovery of a few micrograms of uranium
from large volumes of ground water and measurement of
its isotopic composition (234/238u ratio) by low-level
alpha spectrometry.

3.18 MP TANDEM ACCELERATOR MEASUREMENT OF NATURAL ISOTOPE
RATIOS - R.M. Brown and R.J. Schultz

Yield of the reduction reaction of CO2 and Mg to
produce elemental carbon for accelerator measurement of
natural carbon-14 has varied from 50-80%, especially when
sample size has been reduced to 25 mg of carbon. The
carbon dioxide is completely consumed in the reaction and
the presence of carbide in the reaction mix is evident.
Methods to minimize carbide formation are being sought.

Sources for another accelerator run have been pre-
pared from several ground water carbonates. Modifications
to the Van de Graaff equipment and operating techniques
to improve stability are described in the Nuclear Physics
Branch Progress Report (See Section 2.36, PR-P-121,
AECL-6530).



- 35 -

3.19 ENVIRONMENTAL IMPACT ASSESSMENT

3.19.1 General - P.J. Barry and I.L. Ophel

This program is part of the CRNL contribution to the
Canadian Waste Management Program being directed from WNRE.

R.W.D. Killey, hydrogeologist, joined the newly
formed Environmental Assessment Group in January. Two
other new professional staff positions for this group have
been authorized. Prospective candidates for these posi-
tions were interviewed in mid-March.

Negotiations for assistance to develop a model of
radionuclide transport in sub-surface and surface waters
are going on between AECL and Inland Waters Directorate,
Environmental Management Service, Environment Canada and
a contract should be formally drawn up in the very near
future.

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

Investigations for this calendar year are directed
towards disposal sites outside the Perch Lake basin, and
include Waste Management Areas "C" and "F". Area "C",
the low-level waste disposal site, has been releasing an
average of one Curie* of tritium per day to Maskinonge
Lake over at least the last six years. Monitoring of the
stream receiving ground water discharge from Area "C" has
shown a steady increase in cobalt-60 from near background
levels in 1971 to concentrations as high as 90 pCi*/L in
1977. Drilling is under way to determine the geology,
hydrogeology and geochemistry of the surrounding area.
The current program is intended to define the distribu-
tion and transport of radionuclides in the area; the in-
formation will be used to predict future release rates to
surface waters and to calibrate existing models of con-
taminant transport in unconsolidated materials. Hydro-
geologic investigation will be extended north of Area "C"
to include two pits used to dispose of actinide-bearing
liquid wastes in the mid-1950's. With the assistance of
E.L. Cooper we hope to determine the fate of long-lived
alpha emitters in the local sediments.

*1 Ci = 37 GBg
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3.19.2 Environmental Assessment of CRNL Waste Management Areas
(cont'd)

The efficient management of a wide variety of data
generated by the program will be assisted through use of
CRNL's computing facilities. J.M. Blair and K.D. Clark of
the Mathematics and Computation Branch are currently de-
veloping a data handling program to accommodate geologic,
hydrogeologic and geochemical information.

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

TLDs placed at the perimeter of the CRNL exclusion
area (see Fig. 3.20.1) are used to measure mean exposure
rates and the annual integrated exposures. Results in
Table 3.20 give the sum of contributions from CRNL and
natural gamma radiation. Values are lower during the
winter months because of shielding of the terrestrial
component by the snow cover.

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

Precipitation samples collected at Deep River were
analyzed radiochemically for 90sr and spectrometrically
for l37Cs an(j other gamma emitters. Monthly composite
samples of water from the Ottawa River, collected at
Rolphton, Deep River, Pembroke and CRNL, were also ana-
lyzed for gamma emitting nuclides, tritium and 90sr.
The results are shown in Figure 3.21.1. In general, the
main source of activity in these samples continues to be
weapons' fallout.

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

At CRNL, three liquid effluent streams discharge
radioactivity' to the Ottawa River from the inner area.
They are the Process and Sanitary Sewers plus the 04
Storm Sewer combined with 04A seepage. Each of these is
sampled regularly and analyzed for individual nuclides.
The mean daily releases from the Process Sewer are given
in Table 3.22 for the fourth quarter of 1978. Most of
the radionuclides are measured by gamma ray spectrometry.
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TLD Gamma Exposure Rates in Public Areas*
(pR/h)

Location
(See Fig. 3.20.1)

1

2

3

4

5

6

7

8

13

Harrington Bayt

Deep River

Fourth Quarter
1978

10.4

6.3

6.4

6.3

5.0

4.6

5.6

9.3

-

6.0

5.6

1977
Average

10.2

6.0

3.6

6.0

5.6

4.0

5.2

7.6

7.7

7.6

4.2

1978
Average

11.7

7.0
5.0

6.1

4.5

4.2

5.0

7.2

-

7.8

5.6

*Sum of natural background and airborne contamination from
CRNL. The contribution from cosmic radiation has been de-
ducted. In 1977 a change in estimating the cosmic contri-
bution resulted in lower totals at all stations (-1.9 yR/h)

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

3.22 LIQUID EFFLUENT MONITORING (cont'd)

Perch Creek (see Fig. 3.20.1) draining Perch Lake
and the Disposal Areas, also flows into the river and
is sampled regularly. The total amount of radioactivity
discharged from CRNL per day is calculated from the mea-
sured flow rates and radionuclide concentrations in in-
dividual streams (Fig. 3.22.1).

At no time did the average concentrations of radio-
activity in the combined effluent flows exceed 1% of the
International Commission on Radiological Protection (ICRP)
40-hour occupational Maximum Permissible Concentration
for drinking water (MPC ).
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Mean Daily Release from the Process Sewer
Fourth Quarter 1978

Radionuclides

90Sr

1 3 7Cs

144Ce

106Ru

140Ba

131r

2 3 9 N P

95Zr

54Mn

46Sc

59Fe

65Zn

60Co
1

Daily
mCi/d

0.9

3

9

<1

17

13

34

10

5

7

5

7

2

Release
MBq/d

33

111

333

<37

629

481

1258

370

185

259

185

259

74

3.23 LIQUID DISPOSAL AREA - E.L. Cooper, G. Lahaie and L.A.
Mask

Weekly samples and flow readings were taken at
weirs on the surface streams carrying contaminated seepage
water from the Liquid Disposal Area into Perch and Maski-
nonge Lakes (see Fig. 3.20.1). Most samples were combined
and analyzed monthly for 3H as well as quarterly for gamma
emitting radionuclides and 90sr. Strontium-90, 60co and
3H are still the main contaminants in the Perch Lake
basin.
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3.24 GAMMA EXPOSURE RATES IN THE EXCLUSION AREA - E.L. Cooper,
G. Lahaie and L.A. Mask

Shielded (indoor) and unshielded (outdoor) gamma
ray exposure rates in the CRNL exclusion area are given
in Table 3.24. The reduction in exposure rate observed
in Bldg. 513 is due to shielding from 35 cm of concrete
in the floors above the detector.

Table 3.24 TLD Gamma Exposure Rates in Exclusion Area*
1978 (uR/hl

Location
(See Fig. 3.20.1)

9

10 (office)**

11

16t

Fourth Ouarter
1978

27.5

12.4

13.9

8.2

1977
Average

28.2

22.6

11.9

-

1978
Average

30.8

13.4

10.1

10.6

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

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

fOffice in CRNL cafeteria.

3.25 ANALYSIS OF SAMPLES FOR THE ATOMIC ENERGY CONTROL BOARD
- E.L. Cooper and G. Lahaie

A group of 33 soil samples are currently being
analyzed by gamma ray spectrometry at the request of the
Atomic Energy Control Board. Radium-226, 22»Raf 238u,
228Th and 40K concentrations are being determined. The
226Ra content of most of the samples analyzed to date is
quite low (< 1 pCi*/g). Some of the samples are evidently
surface soils, since fallout levels of 137cs have been
detected.

*1 Ci = 37 GBq



3.26 STUDIES OF THE BEHAVIOUR OF ACTINIDES IN THE ENVIRONMENT
- E.L. Cooper and G. Lahaie

During the past quarter a preliminary survey of the
actinide (particularly plutonium) content of surface wa-
ters at CRNL has been started. The purpose of this sur-
vey is to identify potential sites for research on acti-
nide behaviour in the environment. Some sites with plu-
tonium levels somewhat above fallout concentrations have
been found.

Work is continuing on the development of procedures
for the radiochemical determination of actinides in en-
vironmental samples. The accuracy of the procedure for
the analysis of plutonium in water is being assessed.
This radiochemical procedure is also being extended to
provide quantitative analyses of uranium and thorium.
Studies of the procedure for plating actinides for alpha
spectrometry have resulted in increased yields. We are
now able to plate microgram quantities of natural uranium
and thorium.

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

Average concentrations of tritium in streams within
the exclusion area are given in Table 3.27 together with
the amount released during the fourth quarter of 1978.

Table 3.27 Tritium in Streams in the Exclusion Area
Fourth Quarter 1978

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek weir

Duke Stream*

Concentration
jiCi/L

0.139

0.029

0.108

0.125

4.711

kBq/L

5.14

1.06

4.00

4.63

174

Quarterly Release
Ci

1622

3.1

20.7

41.1

97.0

GBq

6.00 x 104

115

559

1521

3589

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



3.28 SURVEY SUMMARY - E.L. Cooper

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

3.2 9 UPDATING OP COUNTING ROOM INSTRUMENTATION - E.L. Cooper

Orders have been placed for new electronics to re-
place the outmoded equipment in the Branch counting room.
Some of this new equipment has arrived and it will be put
into operation as soon as possible. In addition to improv-
ing the quality and reliability of our counting instru-
ments, this equipment will allow a modest expansion in
capabilities so that new Branch members can be accommo-
dated.

3.30 PUBLICATIONS

FRITZ, P., E.J. REARDON, J.F. BARKER, R.M. BROWN, J.A.
CHERRY, R.W.D. KILLEY and D.C. McNAUGHTON. The carbon
isotope geochemistry of a small groundwater system in
northeastern Ontario. Water Resour. Res. 14(6):
1059-1067.

CHAMP, D.R., J. GULENS and R.E. JACKSON. Oxidation-
reduction sequences in ground water flow systems.
Can. J. Earth Soi. 16(1): 12-23.

MARTELL, A.M. and W.F. MERRITT. Preliminary trials of
radio-tagging black spruce seed with manganese-54 for
seed fate studies. Can. Wildlife Service Progress
Notes No. 94: 1-4.

PICKENS, J.F., J.A. CHERRY, G.E. GRISAK, W.F. MERRITT
and B.A. RISTO. A multilevel device for ground-water
sampling and piezometric monitoring. Ground Water
16(5) : 322-327.



3.31 VERBAL PRESENTATIONS*

3.31.1 Presented Papers

OPHEL, I.L. Radioecology and pathways analysis. Pre-
sented at Annual Meeting of the Ontario Chapter of the
Canadian Society of Environmental Biologists, Pickering,
Ontario, 1979 March 2-4. INVITED

3.31.2 Lectures or Seminars

(A) 4th Annual Science Teachers' Seminar, CRNL, 1979
March 29-31

CHAMP, D.R., D.K. MYERS, I.L. OPHEL and P. SMITH. Forum
on biology and environmental research.

CHARLESWORTH, D.H. and W.F. MERRITT. Forum on radioac-
tive waste management.

JUDD, J.M. Conducted a tour of the Perch Lake environ-
mental area.

(B) Other

OPHEL, I.L. Progress report of Environmental Protection
Working Party. Presented at R & D Program Committee
meeting, WNRE, 1979 March 05.

3.31.3 Local Talks

(A) Visit of 40 University of Toronto, Dept. of Zoology,
staff and students, CRNL, 1979 February 19-21

McMAHON, J.W. Utilization of waste heat in biological
systems.

MERRITT, W.F. Movement of radionuclides in the environ-
ment.

(B) Other

MERRITT, W.F. Radioactivity in the environment. Presen-
ted at CRNL, 1979 March 16.

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



3.32 INVITED SPEAKERS*

FRITZ, P., University of Waterloo, Waterloo, Ontario -
"Dating of groundwater from low permeability rock - Re-
sults from Stripa, Sweden", CRNL, 1979 March 02.

*Papers in this section are generally not available in
print.
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POPULATION RESEARCH BRANCH

by

Howard B. Newcombe

h.] Staff (January - March 1979)

4.2 Aims of the Branch

TUMOUR INDUCTION IN MAMMALS

k.3 Synergistic effects in radiation carcinogenesis
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STAFF

Branch Head - H.B. Newcombe

Hereditary changes and tumour induction in vertebrates

Assistant J.F. McGregor

Secretarial - C.I.. Nagy



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 or radiation. Information is derived from
irradiated and unirradiated populations of laboratory animals.

TUMOUR INDUCTION IN MAMMALS

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

The third phase of a long-term experiment to determine
whether ionizing radiation in combination with certain environ-
mental carcinogens, such as cigarette smoke and the dye
2-anthramine,would increase the risk of tumours as compared
with that from the separate treatments. Approximately 400 skin
tumours among 575 rats that survived at 18 months following
the first treatments will be analysed.

An experiment comparing the production of skin tumours
between mutant hairless rats and normal, haired sibs is continuing,
for the purpose of assessing the reliability of extrapolations
of tumour yields from rodent skin to human skin, in view of the
difference in the numbers of hair follicles. Another experiment
with rats to test the effect of hyperthermia treatment following
irradiation, on the yield of skin tumours, is continuing. No
tumours have yet been observed in these experiments.
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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 Ionizing Radiation Damage in Bacterial Cell Walls

5.4 Radioactive Labeling of Ultraviolet Photoproducts

5.5 Studies on a DNA Binding Factor

5.6 Use of the Alkaline Elution Technique to Study DNA
Damage and Its Repair

5.7 Synergism Between UV and Ionizing Radiation in
Schizosaccharomyces pombe

5.8 Effect of Near UV Radiation on Escherichia coli:
2. Photoreversal of Pyrimidine Dimers Formed in
vitro

5.9 n̂. vitro Sensitivity of Rothmund Thomson Syndrome
Fibroblasts to Ionizing Radiation

5.10 Repair of Radiogenic DNA Lesions in Rothmund Thomson
Syndrome (RTS) Fibroblasts

5.11 Increased in vitro Radiosensitivity in Skin Fibroblast
Cultures from a Family with Multiple Cases of Acute
Myelogenous Leukemia (AML)

5.12 The Radiosensitivity of Fibroblast Cells from
Individuals with Rare Cancer-Associated Genetic
Diseases

GENETIC AND POPULATION STUDIES

5.13 The Genetic Effects of Tritiated Water on S_. cerevisiae

5.14 Low Dose-Low Dose-Rate Genetic Effects of Ionizing
Radiation on Yeast

5.15 An Assay for the Detection of Mitotic Recombination
in Mice
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5.16 Induction of Genetic Changes in Yeast

5.17 Radiation-Induced Tumors in Rats

5.18 Assessment of Radiation Hazards to Human Populations

5.19 Verbal Presentations

5.19.1 Presented Papers
5.19.2 Lectures or Seminars
5.19.3 Local Talks
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5.1 STAFF

Branch Head - D.K. Myers

Biochemistry of DNA and RNA
H.c. Birnboim

Radiation Biochemistry
" DTK. Myers

Radiation Damage in Cell Walls
and Membrane

R.E.J. Mitchel

Enzymatic Repair of Radiation
Damage to DNA

N.E. Gentner

DflA Repair in Cultivated
Human CelUs

M.C. Paterson
P.J. Smith
N.T. Bech-Hansen

DNA Replication and Repair in Fungi
P. Unrâû~~
D.P. Morrison

Bacteriophage T4 Genetics
J.D. Childs

Assistants J.J. Jevcak
A.G. Knight

Assistants L.D. Johnson
V.M. Clermont

Assistant K.M. Baird

Assistant M.M. Werner

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

Assistant E.F. Seguin

Assistant R. Pilon

Secretarial
C.I. Walters

Animal House Supervisor
M.A.~Jones

Laboratory Attendant
B.A. Ruhnke

5.2 AIMS OF THE BRANCH

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

BIOCHEMISTRY AND MOLECULAR BIOLOGY

5.3 IONIZING RADIATION DAMAGE IN BACTERIAL CELLS WALLS -
R.E.J. Mitchel and K.M. Baird

A comparison of the mechanism of 02 protection
against ionizing radiation damage in Micrococcus
luteus versus Micrococcus radiodurans has been made
in order to test the general validity of the findings
previously described for the latter organism. Only
release of wall polysaccharide was used as a measure
of wall damage since unlike M. radiodurans, M. luteus
does not have a surface exonuclease. In M. radiodurans,
the presence of oxygen was found to have an unusual
protective effect. It has now been shown that oxygen
also protects M. luteus cell wall. Also like M. radio-
durans, sulfhydryl-containing free radical scavengers
appear to protect the M. luteus cell wall by two dif-
ferent mechanisms, one of which is blocked by oxygen,
resulting in a reversal of the relative effect of O2
at high sulfhydryl concentrations. These results
demonstrate that the mechanism of action of O2 in
the cell wall of the two different organisms is very
similar or identical and supports the hypothesis
that these results may be generally applicable.

5.4 RADIOACTIVE LABELING OF ULTRAVIOLET PHOTOPRODUCTS -
R.E.J. Mitchel, J.J. Jevcak and A.G. Knight

A procedure for the specific enzymatic transfer
of 32P from ATP32 to ultraviolet photoproducts in
DNA is being explored. Very low levels (vLO"12-10-15

moles) of 32P photoproducts must be separated from
residual 32P-£ and ATP32. Side reactions which introduce
32P into undamaged DNA fragments (present at -vlO"6

moles) or which prevent the labeling of authentic
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photoproducts must be minimized. Current experiments
involve optimization of the enzymatic digestion and
labeling steps and refinement of the separation
procedures.

5.5 STUDIES ON A DNA BINDING FACTOR - R.E.J. Mitchel and
P. Unrau

Micrococcus radiodurans, like a variety of other
organisms, contains a factor which binds to high
molecular weight nucleic acids in such a way as to
prevent their condensation when exposed to dilute
acid. This operational assay has been used to monitor
the development of a rapid, simplified purification
of this factor from the above organism. The four-
step purification procedure yields enough material
for a study of physical properties and composition.
The material appears to be a large polysaccharide with
a limited complement of amino-acids, and it possesses
marked hydrophobic properties. The previous detection
of this material in 13. coli and human fibroblasts has
been confirmed. ~

5.6 USE OF THE ALKALINE ELUTION TECHNIQUE TO STUDY DNA
DAMAGE AND ITS REPAIR - N.E. Gentner and M.M. Werner

The alkaline elution technique is an extremely
sensitive method for detecting DNA damage. In human
cells this procedure allows one to study repair of
radiation-induced DNA strand breaks in biologically
significant dose ranges. By employing various post-
lysis treatments, other types of lesions, such as
DNA-protein cross-links and DNA-DNA cross-links, can
also be measured. Our studies with this procedure
should facilitate its use for human cell studies in
the Branch. Most of the initial studies, however,
are being done with the bacterium Micrococcus radio-
durans , where its ultimate use will be to study the
involvement of recombinational processes in the
repair of cross-links involving DNA.

Although human cells give controls with very lit-
tle breakage evident, we find that in bacterial cells
^50% of the DNA elutes rapidly. This is probably at-
tributable to the extensive treatment required to
make protoplasts of bacterial cells (for subsequent
lysis and analysis), whereas human cells can be lysed
directly. We are developing gentler regimes for
protoplast preparation in the M. radiodurans cells.
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5.7 SYNERGISM BETWEEN UV AND IONIZING RADIATION IN
SCHIZOSACCHAROMYCES POMBE - N.E. Gentner and
V.M. Clermont

A pronounced synergistic effect is seen on com-
bined UV-y-ray exposure of wild-type cells of the
haploid fission yeast S_. pombe. This is apparently
mediated by a recombinational repair process, since
we previously showed that (i) UV-y synergism was
not seen in the recombination-deficient and radiation-
sensitive mutant radl; and (ii) the recombinational
repair inhibitor caffeine greatly reduced such synergistic
interaction in the wild-type strain. Since recombinational
repair in this organism is mainly a prereplicative or
sister chromatid exchange type, between duplicated
genomes present at the time of irradiation, such UV-
y-ray synergism should occur in G2 phase cells but
not in Gl phase cells (which should be phenotypically
rec~). Such synergism is evident in G2 cells. Studies
with the Gl population require further purification
of the desired cell cycle type, since the population
grown to stationary phase in low-phosphate Edinburgh
minimal medium still contains 20-30% of G2 cells;
sedimentation in Ficoll gradients has now yielded pre-
parations containing 92-98% of the desired Gl phase
cells.

5.8 EFFECT OF NEAR UV IRRADIATION ON ESCHERCHIA COLI:
2. PHOTOREVERSAL OF PYRIMIDINE DIMERS FORMED IN
VITRO - J.D. Childs and R. Pilon

We have previously examined the yield of photo-
products formed during near UV irradiation of E_. coli
DNAV Three phqtoproducts were identified initially
as UU, UT and TT based on ̂ relative mobility on paper
chromatography. [CC and CT dimers formed during
irradiation of DNA are deaminated to UU and UT, re-
spectively, before chromatography.] As pyrimidine
dimers can be. specifically converted to monomers by
230 nm light, we used this photoreversal technique
to confirm our initial identification. Radioactively
labelled E. coli DNA was irradiated with 254 nm, 3 00
nm and 320 nm light and the three photoproducts
formed at each wavelength were separated by paper
chromatography and then eluted. Each elutant was
divided into two parts; one part was irradiated with
1 X 105 J/m2 of 23 0 nm light and the other part was
untreated. Both the irradiated and unirradiated
samples were then subjected to paper chromatography
to determine the extent of photoreversal. With one
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exception, discussed below, more than 90% photo-
reversal of each photoproduct was achieved. In each
case radioactivity 'lost' from the photoproduct region
of the chromatogram was recovered in the expected
amounts in the positions of uracil and/or thymine,
thus confirming the identity of each dimer. The one
exception was the photoproduct with a mobility cor-
responding to UU formed at 3 20 nm, where only 24%
photoreversal was achieved. In this case it is likely
that the UU dimer peak is contaminated with another
photoproduct formed in greater amount.

5.9 IN VITRO SENSITIVITY OF ROTHMUND THOMSON SYNDROME
FIBROBLASTS TO IONIZING RADIATION - P.J. Smith and
M.C. Paterson

Rothmund Thomson Syndrome (RTS) and ataxia
telangiectasia (AT) are two rare human disorders in
which patients may show clinical hallmarks of sun-
sensitivity or radiosensitivity respectively. Both
conditions are associated with an increased pre-
disposition to cancer; skin tumors in RTS and lympho-
reticular neoplasia in AT. We have previously re-
ported _in vitro hypersensitivity to near UV light
(313 nm wavelength), but normal- sensitivity to far
UV light (2 54 nm wavelength), in one RTS strain
(CRL 1244) and one AT strain (AT4BI). Since AT fibro-
blasts are'sensitive to ionizing radiation, we have
explored the possibility of co-sensitivity to near
UV light and y-rays in three strains of RTS fibroblasts.

For near UV light three RTS strains gave Dx0
values of 2.1 x 10" j^m"2 (CRL 1244), 3.9 x 101* J-m-2

(78-34) and 3.4 x 10" J-m~2 (73-65) compared to the
normal range of 3.3-4.0 x 10-" J-nT2 (GM38 and CRL 1141).
The corresponding Dj 0 values for oxic yirradiation
were 236 rads (2.36 Gy) (CRL 1244), 390 rads (3.90 Gy) (78-34
and 354 rads (3.54 Gy) (73-65) compared to the normal range
of 364-406 rads (3.64-4.06 Gy) (CRL 1141 and GM 38).

Of the three RTS patients studied, only CRL 1244
shows signs of sun sensitivity. The CRL 1244 strain
also shows iri vitro sensitivity to near UV light
(1.6 fold) and y-rays (1.6 fold) compared to normal
fibroblasts. These results suggest that near UV light
may have a partially radiomimetic effect on cellular
DNA.
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5.10 REPAIR OF RADIOGENIC DNA LESIONS IN ROTHMUND THOMSON
SYNDROME (RTS) FIBROBLASTS - P.J. Smith and
M.C. Paterson

To determine the molecular basis for radiosensitivity
in the RTS strain CRL 1244, we have investigated the
repair of radiogenic DNA lesions in RTS cells following
acute yirradiation (50 krad or 0.5 kGy in air), using
the technique of alkaline sucrose velocity sedimentation.

Similar levels of single strand breaks (including
alkali labile bonds) were detected in all strains
examined, when the cells were fast frozen immediately
after irradiation. Expressed in terms of breaks per
107 daltons, three RTS strains gave values for single
strand breakage of 2.6 + 0.3 (CRL 1244), 3.0 ± 0.2
(78-34) and 2.8 ± 0.1 (73-65) compared to 2.6 ± 0.2
for a normal strain (GM 38). Furthermore the kinetics
for strand rejoining were similar fq>r the normal and
RTS strains, with less than 8% of breaks remaining
after a 2 h post-irradiation incubation period.

We have used the lesion recognizing capacity of
a M. luteus cell extract to follow the disappearance
of ""radiogenic base damage from the DNA of strain
CRL 1244 (RTS) and strain GM 38 (normal). The initial
yield of base damage was similar for the RTS strain
(1.69 ± 0.07 sites/107 daltons) and the normal strain
(1.56 ± 0.21 sites/107 daltons). In both strains, less
than 4 0% of enzyme susceptible sites remained after
a 2 h incubation period, there being no significant
difference between the rates of disappearance of these
lesions.

The presented results fail to establish a molecular
basis for the radiosensitivity of a RTS fibroblast
strain. Currently we are attempting to identify the
radiogenic damage not visualized in the enzymatic
assay and to follow the repair of DNA strand breaks
after low radiation doses.

5.11 INCREASED IN VITRO RADIOSENSITIVITY IN SKIN FIBRO-
BLAST CULTURES FROM A FAMILY WITH MULTIPLE CASES OF
ACUTE MYELOGENOUS LEUKEMIA (AML) - N.T. Bech-Hansen,
B.M. Sell and M.C. Paterson

As part of our project to clarify the role of
inefficient repair of DNA damage in the development
of cancer, we have studied the y~ray survival of
fibroblasts derived from six members of a family which
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displays a clustering of AML and malignant reticulo-
endotheliosis. Mycoplasma-free cultures were exposed
to graded doses of 60Co y-rays under oxic conditions
and then measured for their colony forming ability.
A radiation dose of 407 ± 15 rads (0.15 Gy) produced 10% survival
(D!0 value) in a normal control strain, GM 38. Fibro-
blast cells from the father and one son had Di0 values
of 425 ± 19 and 417 ± 30, not significantly different
from the normal strain, while the fibroblasts from
a second son showed increased y-ray sensitivity with
a Di0 value of 321 ± 25 rads (0.25 Sy.) . Presently, none of
these individuals have developed malignancy. However,
cells derived from 3 family members with malignancies,
the mother, who appears to be transmitting the malignant
predisposition, and two daughters had Dio values of
301 ± 13, 354 ± 18 and 290 ± 31 rads (0.13, 0.18 and 0.31 Gy),
respectively, values that are significantly (P<0.05) lower than
for normal cells. Thus we see a strong association between
the development of cancer and jLn vitro radiosensitivity
in members of this family. We are presently attempting
to establish the molecular basis of the observed increase
in radiosensitivity.
(Supported in part"by U.S. NCI Contract No. N01 CP 81002.)

5.12 THE RADIOSENSITIVITY OF FIBROBLAST CELLS FROM INDIVIDUALS
WITH RARE CANCER-ASSOCIATED GENETIC DISEASES -
N.T. Bech-Hansen, B.M. Sell and M.C. Paterson

Individuals expressing any of a large number of
different human genetic diseases may be at increased
risk of developing cancer. In our continuing effort
to identify host genes whose function are related to
the development of cancer, we have measured the y-ray
sensitivity of skin fibroblast lines derived from
individuals expressing cancer-associated genetic diseases.
Fibroblast strains from individuals with the Turcot
syndrome (2641T) which shows autosomal dominant in-
heritance and the x-linked recessive traits agamma-
globulinemia (GM 362) and dyskeratosis congenita
(GM 1774), each showed a normal 60Co y-ray sensitivity
in our standard colony forming assay with Di0 values
of 421 ± 13, 382 ± 17 and 361 + 20 rads (0.13, 0.17 & 0.20 Gy)
respectively. Our normal fibroblast strain, GM 38, has a Di0
value of 407 15 rads (0.15 Gv). Of the two strains from
individuals we have studied with the autosomal recessive trait,
Fanconi's anemia, one strain (GM 2053) was sensitive
ID10=291 ± 9 rads (0.09 Gy)] while the other (GM 2361) showed
normal sensitivity D10=382 ± 6 rads (0.06 Gy)] ,suggesting a
genetic heterogeneity in this disease.
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We have identified yet another individual with
the rare autosomal recessive trait, ataxia telangiectasia,
whose skin fibroblast cells show the characteristic
y-ray hypersensitivity [Dlo=162 ± 27 rads (0.27 Gy)]. Fibre
blasts from the parents, presumed AT hétérozygotes,
showed a normal oxic survival but intermediate sen-
sitivity after hypoxic treatment.

We are continuing our survey of y~ray sensitivity
in fibroblasts from individuals with genetic traits.
(Supported in part by U.S. NCI Contract No. N01 CP 81002.)

GENETIC AND POPULATION STUDIES

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

Ito and Kobayashi (Radiât. Res. 76, 139-144) have
recently reported an RBE of 2-3 for tritium g-rays,
as assessed by induction of gene conversion in yeast.
They also reported an increased rate of induction of
gene conversion per unit dose for lower specific activity
tritiated water (31 mCi/ml compared with 62 mCi/ml
i.e., 1.15 GBq/ml compared with 2.3 GBq/ml). In view
of the implications of these observations, we have
undertaken an independent investigation of the ef-
fect of tritium exposure on yeast, using a strain
(D7.52a) which has been well characterized by us
with respect to y- and X-ray induction of genetic
effects. This strain is related to that used by
Ito and Kobayashi, and it has the advantage of exhibit-
ing lower frequencies of spontaneous gene conversion
than other related strains. This should make possible
the assessment of the effects of prolonged tritium
exposure at specific activities as much as two orders
of magnitude lower than those used by these workers.

A preliminary experiment using tritiated water
at three specific activities (0.31, 3.1 and 31 mCi/
ml i.e. 0.0115, 0.115 and 1.15 GBq/ml) and exposure
times up to 5 hours at 0°C (delivered doses up to 13 00
rad or 13 Gy) gives no indication of the dose rate
effect reported by Ito and Kobayashi. Moreover, the
induced gene conversion frequencies (for all doses
at which frequencies significantly higher than the
controls were obtained) were in the range that has
been established for this strain at the same doses
of X- or y-rays. Further studies with extended
exposure times are planned.

*Health Physics Branch
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5.14 LOW DOSE-LOW DOSE-RATE GENETIC EFFECTS OF IONIZING
IADIATION ON YEAST - P. Unrau, D.P. Morrison and
I!.F. Seguin

Low spontaneous tryp strains of D7.52a have been
selected to study the effects of low-dose, low dose-
rate irradiation with 150 kV X-rays. In many previous
experiments with D7.52a, we have observed no significant
dose rate effects shifting from Co60 y~i"ays delivered
at approximately 19,800 rads (198 Gy)/min to 150
kV X-rays delivered at rates between 12 and 86 rads
(0.12 and 0.86 Gy) per minute. In order to establish
that a dose-rate effect has been observed lower dose-
rates are required. Within the geometrical confines
of the X-ray room the minimum practical dose rate
was found to be 0.8 rads (0.008 Gy)/min, 100 fold less
than the dose rates previously used. We can there-
fore compare a total range of approximately 25000
fold in dose rate. Our data indicate that the yield
of tryp gene convertants obtained at a dose rate of
0.8 rad (0.008 Gy)/min at room temperature is about
30% less than the number obtained at rates up to
86rads (0.86 Gy)/min with X-rays and less than the
mean yield/rad observed after Co60 y-irradiation.
We have not been able to detect enhanced yields per
rad at low doses and decreased dose rates; on the
contrary, as would be expected, we have observed
fewer genetic events per rad*at decreased dose-rates.

The above experiments were performed on cells
bubbled with water saturated O2. Odd effects of
bubbling cells in O2 or compressed air were observed
and are being investigated.

5.15 AN ASSAY FOR THE DETECTION OF MITOTIC RECOMBINATION
IN MICE - D.P. Morrison and P. Unrau

Radiation risk determinations must include the
magnitude of genetic changes induced both in germ
lines and in somatic tissues. Data from experiments
on mice have been used to establish induced and
spontaneous meiotic mutation rates. Induced putative
somatic mutations have been guantitated by L. Russell,
using the "mouse spot test".

In our studies of the relative orders of somatic
genetic changes in yeasts and smuts, it became
apparent that the relative frequency of such changes
could be ranked. Mutations per rad are least fre-
quent while gene convertants per rad* are more fre-
quent and mitotic crossing-over between distant markers

1 rad = 10 mGy
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and their centromere are by far the most frequent.
We wished to see if similar effects could be quanti-
tated in mice. L. Russell and H. Major interpreted
their initial somatic alterations observed on mice
as possibly reflecting mutation induced at ap-
proximately twice the rate of meiotic mutations
involving the same loci. The possibility of re-
combinational segregation of somatic alterations has
not been pursued. However, mitotic (somatic) re-
combination has been demonstrated in fungi, fruit
flies, and plants and a demonstration of the process
in mice is thus of interest.

To defect a mitotic recombination event in mice,
it is necessary to be able to distinguish both parental
coat colours from that of the Fi (hybrid) offspring.
Using suitable mouse strains, we have established that
offspring of intermediate coat colour can be produced
which differ markedly in colour from either parental
type. If a mitotic recombination event can be induced,
a twin-spot (comprising hair patches of both parental
types) will be observed on the background coat colour
of the intermediate Fi offspring. Such an observation
would be formally analogous to observing a red/pink
sector in a white yeast strain. An experiment to
induce twin-spots in mice with radiation is in pro-
gress.

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

In previous reports we have covered studies of
gene conversion, in D7 and MU strains of Saccharomyces
cerevisiae, induced by exposure to NaNÛ2 m pH 4.5
citrate buffer (nitrous acid ). This reagent, a
known carcinogen, had previously been reported as
positive in the Ames Test, which is based on back
mutation in Salmonella. These studies were extended
to a reagent that was negative in the Ames Test,
mitomycin C. Mitomycin C has been reported to cause
cancer in rats and mice.

When D7.rad52a was exposed to mitomycin C (400
yg/ml) in 0.1 M phosphate buffer pH 7.5 for 30 min
at 0°C, we observed a net yield of 4.8 induced
colonies per 106 cells plated. When the temperature
during exposure was raised to 20°C, a net value of
7.6 colonies per 106 cells plated was observed. When
MU-34 (homoallelic for the Trp 5-12 locus) was exposed
(20°C), we obtained a result that was not different
from background (i.e., net zero colonies per 106 cells
plated).
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These results indicate that mitomycin C induces
gene conversion much more fficiently than back
mutation and suggest that «_ ne conversion might be
a better screen for carcinogenic agents.

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

This experiment is progressing very satisfactorily.
Although it is too early to expect significant numbers
of tumors, a couple of early tumors and some tumor-
like lesions (wart-like structures) have appeared.

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

A collaborative paper on health effects of energy
development was prepared in collaboration with
Dr. H.B. Newcombe, Population Research Branch. It
was noted that our accumulated technology has added
roughly 50 years to the average life span of a human
being in North America and that most of this increase
in life span has occurred within the last hundred
years. Cheap and safe supplies of energy are required
for the industrial prosperity that has made this
possible. The best estimates available in the
scientific literature all indicate that nuclear power
and natural gas are the safest form of contemporary
energy production. The largest potential radiation
hazard to which the general public is currently exposed
appears to derive from radon daughters in houses.

5.19 VERBAL PRESENTATIONS*

5.19.1 Presented Papers

Myers, D.K. and H.B. Newcombe - Health effects of
energy development, presented by DKM for The
Committee on Nuclear Issues in the Community
National Conference on Nuclear Issues in the
Canadian Energy Context, Vancouver, B.C.,
1979 March 07-09.

Childs, J.D. - 1. Effect on human ill health of an
increase in the rate of dominant mutation and
2. Formation of cyclobutane pyrimidine dimers
in the DNA of E. coli exposed to near-UV light.
Presented at 10th Annual Meeting of Environmental
Mutagen Society, New Orleans, Louisiana,
1979 March 08-12.

*Papers in this section are generally not available in print.
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Gentner, N.E. - A recombinational process in the major
pathway for both UV-repaired and UV-induced
mutagenesis in Schizosaccharomyces pombe. Presented
at 10th Annual Meeting of the Environmental Mutagen
Society, New Orleans, Louisiana, 197 9 March 08-12.

Smith, P.J. - 1. In vitro co-sensit.Hvity to near-UV
light and ionizTng radiation in human syndromes.
2. Hypersensitivity to ethylnitrosourea in
cultured fibroblast strains from patients with
ataxia telangiectasia. Presented at 10th Annual
Meeting of the Environmental Mutagen Society,
New Orleans, Louisiana, 1979 March 08-12.

Paterson, M.C. - Increased radiosensitivity and
defective DNA repair in cancer induction:
Progress Report on U.S. NCI Contract No. 1 CP 81002.
Presented to Clinical Epidemiology Branch, NCI,
Bethesda, Md., 1979 March 19-21.

5.19.2 Lectures or Seminars

Myers, D.K. - Guest lecturer on Nuclear Engineering
at Algonquin College, Ottawa, Ontario,
197 9 February 22.

Paterson, M.C. - y~raY hypersensitivity and anomalous
DNA repair in cultured cells from humans exhibiting
familial cancer proneness. Presented at Biology
Department, York university, Toronto, Ontario,
1979 February 26.

Paterson, M.C. - Ataxia telangiectasia: a human
hereditary disease associated with defective
DNA repair, radiosensitivity, and cancer pre-
disposition. Presented at Department of
Zoology, University of Toronto, Toronto, Ontario,
1979 March 08.

5.19.3 Local Talks

Childs, J.D. - Genetic defects in human populations.
Presented to University of Toronto students and staff,
Department of Zoology, at CRNL, 1979 February 20.

Gentner, N.E. - Biochemistry of DNA Repair.
Presented to University of Toronto students and staff,
Department of Zoology, at CRNL, 1979 February 20.
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Mitchel, R.E.J. - Radiation damage at the free radical
level. Presented to University of Toronto students
and staff, Department of Zoology, at CRNL,
1979 February 20.

Myers, D.K. - Nuclear power and low level radiation
hazards. Presented to University of Toronto
students and staff, Department of Zoology, at
CRNL, 197 9 February 20.

Smith, P.J. - Cancer and defective DNA repair in
humans. Presented to University of Toronto
students and staff, Department of Zoology, at
CRNL, 1979 February 20.

Myers, D.K. and P.J. Smith - Forum on Biology and
Environmental Research. Presented at 1979
Science Teachers' Seminar, at CRNL, 1979 March 30.

Gentner, N.E. and J.D. Childs - Genetic Engineering
and Evolution. Presented at 1979 Science Teachers'
Seminar, at CRNL, 197 9 March 31.
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