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BIOLOGY AND HEALTH PHYSICS DIVISION SUMMARY

A.M. MARKO

Health Physics

The neutron spectrometry system for the determination
of neutron leakage spectra from critical assemblies and other
neutron sources in the energy range from 50 keV to 20 MeV is
now operating. A scintillation counter covers the upper range
of energy and spherical proportional counters the lower range,
with a useful overlap where both may be used from 2 to 4 MeV.
Proton recoil spectra are unfolded and analysed using computer
codes and the system has been tested by measuring the spectra
of two Pu - Be sources of different size and construction.

Installation of the FINS accelerator is continuing.

Design improvements for the automatic TLD reader are
under investigation. An alternative to using a thermocouple
to determine the end point of a read-out cycle is being
considered, in which the reader will be controlled from the
shape of the thermoluminescence emission curve as temperature
is increased. The option is open to use this approach as a
replacement for the original thermocouple control or to use
it in parallel to provide back-up in the event of thermocouple
fai 1ure.

The possibility of using TLD's sensitized by ultra-
violet light for personnel monitoring is being examined. Aside
from producing larger output signals for the same dose, sensitized
dosimeters have the further advantage of having a better energy
dependence at low energies.

A prototype of the multi-head detector for a fuel bundle
verifier for the safeguards program has been made and tested.
Design information for a full-sized unit for the 600 MW
reactor has been produced. In this instrument all the bundles
in a fuel storage tray are examined simultaneously. Their
fission product gamma radiation is detected with silicon diode
detectors mounted in collimators in a plane above the layer
of fuel bundles.

Heavy water leakages into light water systems are often
found by tritium monitoring. In one type of instrument water
flows over an array of thin plastic scintillator sheets which
are coupled to a photomultiplier. Continued use shows a
progressive deterioration in performance and electron micro-
graphs show changes in the surface quality of the scintillator -
important because of the short range of tritium beta rays.
Cleaning procedures used to remove accumulations of dirt
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deposited from process water are suspected and investigations
to identify the principal cause of damage are underway.

Field studies on iodine monitoring both for 1 3 1 I and
1 2 5 I released in the reactor buildings are in progress.

A design has been established for a radon-in-air monitor
which will measure average radon concentrations in the pCi/litre
range over extended periods. Drawings have been completed and
prototype models are being constructed.

Environmental Research

The combined effects of temperature and arsenic (a common
contaminant of some types of low-level radioactive wastes) on the
growth of algae have been studied at the Maskinonge Lake
experimental facility. Arsenic (as arsenate) had a detectable
effect on productivity in the heated lake water only when it
was present at 300 yg/litre — six times the maximum permissible
drinking water concentration. In unheated lake water the effect
of the same concentration of arsenic was negligible.

Because bacteria have been suggested as catalytic
agents for chemical changes in ground water a project has
been started to identify bacteria in the ground water of the
Perch Lake basin. Methods used include culturing and direct
microscopical examination. Preliminary results have demon-
strated the presence of bacteria at all locations tested up
to 20 metres below the ground surface.

Studies of chemical changes in precipitation after
reaching the forest canopy have indicated marked differences
in the influence of tree species. Incident rainfall has a
pH between 3.8 and 4.2, whereas the stemflow water collected
from birch trees is as low as pH 3.0 and that from poplar
(large-tooth aspen) has a pH 6.8 to 7.2. The stemflow water
also contains greatly increased concentrations of calcium and
magnesium leached from tree foliage.

In collaboration with the Department of Earth Sciences,
University of Waterloo, a study of ground water velocities was
made at the CFB Camp Borden sanitary land-fill site near
Alliston, Ontario. Velocities were determined using the point
dilution method with 1 3 1 I as a tracer. The results confirmed
ground water velocities that had been determined by conven-
tional hydrological techniques. Only 30 microcuries (~1 MBq)
of 1 3 1 I was needed for the series of measurements.

Water samples from various stages of the Bruce Heavy
Water Plant have been analyzed for tritium to follow the
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tn.haviour of environmental tritium in such a system. Overall,
tritium is enriched in the Plant, but much less efficiently
than deuterium. In the H 2 S - H 2 0 exchange process tritium is
depleted relative to deuterium by a factor of 50, but in the
final distillation step tritium is enriched relative to
deuterium by a factor of 2.5.

Population Research

Data on the numbers of malignant and benign skin
tumours induced by radiation in rats have demonstrated an
unexpected increase in the ratio of the one to the other with
increasing dose. Furthermore, the malignant nature of the
induced tumours that eventually become cancerous was found to
be indicated early by a high rate of growth, at a time when
the outward appearances (as small warts, cysts or ulcers)
would be indistinguishable from those of many benign tumours.
These results, which are a byproduct of a larger study on
synergism in cancer induction, are being prepared for pub-
1ication.

An attempt is being made to assess the magnitude of
the social burden represented by the natural frequency of
hereditary diseases. One measure of this is provided by the
death rates among affected individuals. A large file of
records pertaining to handicapped children and their death
registrations is therefore being adapted for the purpose of
deriving age-specific death rates.

Biology

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 DNA, the genetic material. The
chemical nature of the damage caused in DNA by radiation and
the response of cells to this damage is being studied by a
variety of biochemical and genetic techniques.

A long-range goal of the tissue culture program is the
identification of persons abnormally sensitive to ionizing
radiation, e.g., patients suffering from ataxia telangiectasia.
Skin cells from six members of a family with high cancer inci-
dence have been tested. The two members of the family that had
cancer (acute myelogenous leukemia) were found to be slightly
more sensitive than normal to radiation; the reason for this
abnormal sensitivity is not yet known.
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An assay of genetic damage based on gene conversion in
yeast has been established in the laboratory with the assistance
of Dr. F.K. Zimmermann from West Germany while working as a
visiting scientist at CRNL. Previous assays of genetic damage
based on point mutations failed to correlate the carcinogenic
effects of ionizing radiation with genetic damage, even though
other indirect evidence suggests that the two phenomena are
related. The new assay should enable us to correlate the
carcinogenic and genetic effects of ionizing radiation more
closely.

The results obtained in a study of breast cancers in
rats treated with radiation plus urethane support the conventional
estimates of radiation hazards that are based on observed
numbers of cancers in irradiated human populations, rather than
the higher estimates that are based on the notion of a constant
doubling dose for radiation-induced cancers regardless of the
initial incidence of cancers in the unirradiated population.
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2.2 FAST NEUTRON DOSIMETRY

2,2.1 Neutron Spectrometry - H. Ing and W.G. Cross

A neutron spectrometry system capable of measuring
neutrons over the energy range 50 keV to 20 MeV is now
functional. It consists of a NE-213 scintillation detector
(PR-B-114) for covering the energy range 2 to 20 MeV and
a set of 4 spherical proportional counters (PR-B-114) for
the range 50 keV to 4.5 MeV.

In its present form, measurements of spectra in
the two energy ranges are made separately. The
experimental pulse-height distribution obtained with
the NE-213 detector is unfolded using the EERDOR c o d e u '
and the response matrix of Ingersoll et al . Data
from the 4 proportional counters (covering different
energy intervals) are collected simultaneously, with
their respective pulses routed into different quadrants
of the analyzer memory. These 4 pulse-height distributions
are then processed together to give a neutron.spectrum
using a modified version of the SPEC-4 code . This
modified program uses the results obtained with the
NE-213 scintillator for specifying the spectrum above
the energy limit measurable by the proportional
counters. It also uses the unfolded spectrum from
one counter as input data for unfolding the distribution
of the counter covering the next lower-energy intarval
to provide eventually a plot of the spectrum from
50 keV to 4.5 MeV.

This system was used to measure the spectrum from
a large (1.2 x 10 7 neutrons.s 1) and a small
(105 neutrons.s"1) Pu-Be source. The results
indicate that although the spectral features are
identical in both spectra, the spectrum for the large
source contains a greater fraction of neutrons in
the lower energy region.

Since the large source is used for calibrating
neutron monitoring instruments at CRNL, the effective
dose equivalent per unit fluence was calculated from
the measured sgectral shape. This gave 3.7 x 10~s mrem
per neutron.cm 2 which is_in excellent agreement with
our old value of 3.8 x 10~ 5 calculated from a published
spectrum measured( ' with nuclear emulsions.

PARTICIPATION IN FOURTEENTH ORNL INTERCOMPARISON - H. Ing

CRNL participated in the Fourteenth Intercomparison
of Nuclear Accident Dosimetry Systems held at Oak Ridge
National Laboratory, July 15 - 22, 1977. Thirty-four

(1) W.R. Burrus and V.V. Verbinski, Nucl. Instr. Meth.ÉT7
(1969) p.181

(2) D.T. Ingersoll, B.W. Wehsing and R.H. Johnson
ORNL/RSIC - 40 (1976) p.47



participants from 16 organizations took part in this
intercomparison. Our interest in this intercomparison
was the introduction of two new shields (concrete + steel
and concrete) for the Health Physics Research Reactor
(HPRR) which provided a softer spectrum than previously
used at ORNL for testing our dosimetry system.

Three irradiations were made with the reactor in
the pulsed mode and in the following configurations (1)
shielded with concrete + steel, (2) unshielded, (3)
shielded with concrete. For each of these bursts, a
CRNL dosimeter badge was placed on a phantom facing the
reactor.

In the first burst, the neutron surface dose was
measured with Rh, In and S activation threshold
detectors and Np and Th damage track detectors. In
the second and third bursts, only the S, Np and Th
detectors were used. (These badges were irradiated by
ORNL personnel and sent to CRNL for analysis a week
later.) In all the bursts, the thermal neutron fluences
were measured by TLD-700 chips inside small 6Li shields
(to reduce their neutron response).

The interpretation of the neutron dosimeter readings
was made using calculated leakage spectra compiled
previously (PR-B-112). Spectra of fission neutrons
through shields of Fe-loaded concrete, uranium and
ordinary concrete were used respectively for the three
irradiations.

CRNL results for the intercomparison are tabulated
below:

CRNL Results from the 14th ORNL Intercomparison

Burst No.

1

2

3

Irradiation
Condition

HPRR+Concrete
& steel shield
HPRR
unshielded
HPRR+Concrete

Neutron
Kerma
(rad*)

114

973

128

Maximum
Particle

(rad*

131

1102

148

Recoil
Dose
)

Gamma Dose
(rad*)

72

230

90

Thermal
Fluence
(n/cm2)

8.31xlO10

1.11x10!1

9.24xlO10

shield

* 100 rads = 1 Gy

(3) P.W. Benjamin, C D . Kemshall and A. Brickstock
AWRE report 09/68

(4) L. Stewart, Phys. Rev. 9£ (1955) 740
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2.3 TH5RM0LUMINESCENCE DOSIMETRY - A.R. Jones

2.3.1 Automatic TLD Readers

The up-dating of an Ontario Hydro TLD reader
has been completed and the reader returned to Bruce
Generating Station.

Work on the maintenance and operational manual
for the automatic TLD reader continues.

Most of the stock of TLD1s at CRNL have been given
a calibration exposure and their readings stored on
punched tape to permit individual calibration.

Work has begun on a circuit designed to monitor
the glow curve of a TLD while it is being heated in the
Automatic TLD reader. Its purpose is to provide a
signal after the glow curve has been read out to end
the heating cycle by causing the anvil to drop. It
may be used in one of two ways :

- in parallel with the existing thermocouple which
monitors the cooler surface of the TLD

- in place of the thermocouple monitor.

The first approach has the advantage of the greater
reliability conferred by the operation of two independent
systems.

The second approach would eliminate the upper
thermocouple which is expensive, fragile and difficult
to instal. It would also end the heating cycle at a
time dependent on the temperature of the TLD itself and
not on that of a thermocouple whose temperature depends
both upon that of the TLD and that of the light guide
which are in contact with the thermocouple.

In addition, the thermal transfer between the anvil
and the TLD, through the kapton mounting tape and cement,
would not affect the temperature of the TLD after the
time when the heating cycle was ended.

The glow curve monitor works by logarithmically
amplifying the glow curve current and detecting the
moment when the glow curve has passed its maximum and
then declined by a predetermined proportion (use of a
linear amplifier would result in ending the heating
cycle at different parts of the glow curve, depending
upon the dose which the TLD had absorbed).
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Initial tests on the circuit with sensitized and
unsensitized TLD's indicate that this monitoring
technique is feasible if the two kinds of TLD's have
absorbed 2 mrad (20 yGy) and 5 mrad (50 yGy) respectively.
A circuit has been built on a printed circuit board
so that it can be tested in the automatic TLD reader.
The first tests must establish that the circuit fails
safe (i.e., it gives out no end-of-cycle signal when
the TLD is inadequately heated for any reason).

2.3.2 Sensitized Lithium Fluoride (TLD-100) Dosimeters

A px'ogram has begun to evaluate the sensitizing
technique, which has already been applied to environmental
TLD's, for application to personnel monitoring. Some
of the work already done in connection with environmental
monitoring is relevant. Their enhanced sensitivity
should make the assessment of small doses (5-1000 mrad,
or 50-10,000 pGy) more reliable with fewer spurious
doses reported. However we also need to know how
sensitized TLD's compare with unsensitized ones with
respect to:

- light sensitivity (u.v., sunlight, light from
fluorescent and incandescent lamps)

- photon energy dependence (within the TLD holder,
mounted on a phantom)

- linearity

- durability (in terms of time, read-out cycles
and dose).

Second reading tests showed that the sensitized TLD's
were about ten times more sensitive to 254 nm u.v. light
and for both kinds of TLD the sensitivity to u.v. was
linearly related to the previously absorbed y-ray dose.
This is important both because the unwanted response to
u.v. depends upon previous exposure and because it
suggests that u.v. may be used to estimate the sum of
previous doses absorbed by the TLD. After exposure to
u.v. light the TLD's were read twice. The second reading
was lower for the sensitized TLD's suggesting more
complete read-out of the u.v.-induced signals. Previous
tests showed that the sensitized TLD's were less
sensitive than unsensitized ones to sunlight and the
light from fluorescent lamps. In both cases there was
considerable batch-to-batch variation, perhaps depending
upon previous irradiation. Exposures of the sensitized
TLD's to one hour from the fluorescent lamp produced
less signal than from a 5 mR exposure. One hour of
direct sunlight had the same effect as 20 - 40 mR.

Energy dependence of the two types of TLD were
measured by comparing their readings when mounted on
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a phantom with the readings of an Ionex chamber at the
testes site. The sensitized TLD's were less energy
dependent. Also the sensitized TLD response fell at
lower energies (around 0.1 MeV) while the response of
the unsensitized ones rose.

The linearity of both kinds of TLD's was measured
by exposing them to exposures in the range 10 - 6,000 R.
As might be expected the sensitized ones showed less
departure from linearity as shown in the table.

Departures from Linearity

% Supralinearity Exposure at which supralinearity

was observed (R)

Sensitized TLD's Unsensitized TLD's

10 3,400 240

20 5,100 660
The first exposure of the phantom, loaded with

sensitized TLD's to "'Ar y-radiation (present in the
laboratory background) has had to be repeated because
of a failure in the Manual TLD Reader. This has been
repaired and a second set of readings is being made.

2.3.3 TLD Intercomparison

Measurements have been made of the field and
laboratory exposures given to the CRNL environmental
TLD's at CRNL as part of an international comparison.
As the dosimeters, their packages and treatment are the
same as used in our routine measurements at CRNL the
results obtained from other participants and the 'true'
exposures will serve as a useful check when they are
received.

An intercomparison of standardising exposures
has been made between AECL, Ontario Hydro (Central
Health Physics Service) and Health & Welfare Canada
using a National Research Council (NRC) standard as
a reference. Twelve individually calibrated sensitized
TLD's were exposed to 1R at NRC and at the same time
twelve were exposed at CRNL to 1R. All 24 were annealed
at 80° C for 1 hour and read within 24 hours. The
other participants made their intercomparison at the
same time. The dosimeters exposed at CRNL had an
average reading 6 ± 3% lower than those exposed at
NRC. While the discrepancy is not large, it is too
large to be ascribed to random uncertainties of
measurement. It may be due to the fact that the
previous intercomparison, by which our standard was
set up, was made with unsensitized TLD's while the
present one was made with sensitized TLD's. The 60Co
source at NRC has low scatter while the source at CRNL
has at least ten per cent build up at the dosimeter
positions. The sensitized TLD's have a lowered response
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to the scartered y-rays while the unsensitized ones over-
respond to the scattered lower energy y-rays. Measurements
made on the sensitized TLD's show that they have a lower
sensitivity (light out/R) for lower energy y-rays. The
reverse is true for unsensitized TLD's.

As part of the check on the CRNL standard source
the uniformity of exposure over the twelve dosimeter
positions was measured using the Ionex chamber. The
standard deviation was 0.66%. There was a small but
measurable decrease in the exposure rate with height
above the table supporting the TLD holders (the exposure
rate was 2.3 t 0.6% lower, 200 mm above the table).

2.3.4 Environmental y-ray Dosimetry for B.C. Hydro

A lead castle for storing the control TLD's
for environmental dosimetry has been designed. About
eighty will be needed for the environmental program
for B.C. Hydro. An estimate has been made of the cost
of all the materials and labour needed to start up
and maintain this program.

2.4 SAFEGUARDS INSTRUMENTATION - A.R. Jones

A prototype array of three detectors for verifying
fuel bundles stored in a 600 MW reactor fuel storage
tray has been made and tested. For the test, a Douglas
Point storage tray was modified to hold bundles at the
same spacing as in the 600 MW storage tray. Six
positions were filled with irradiated NPD fuel and one
with a depleted fuel bundle with negligible fission
product content. The eighth position was left vac: t.
The tray was placed in various positions over the
detector array so that every fuel bundle was brought
in turn directly over each detector. The results showed
that the depleted bundle and the absence of a bundle were
easily detectable. The detectors under these two positions
gave a signal only 5% of those under the bundles
containing fission products.

The results of these tests and the design of
the collimators and circuits are being made available
to Power Projects for the mechanical design of a fuel
bundle verifier for the 600 MW reactors.

2.5 RADIATION MONITORING INSTRUMENTS - A.R. Jones

2.5.1 Low Level y-Dose Rate Meter AEP-5304

The construction of the engineering prototype
is complete.
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2.6 TRITIUM MONITORING - R.V. Osborne, A.S. Coveart &
N.W. Tepley

2.6.1 Effluent Monitor AEP-5301

The purpose of this monitor is to be able to measure
tritium in both air and water effluents. For water
monitoring, a sample is obtained as vapour in air, some
of which is subsequently transferred to liquid scintil-
lator for detection of the tritium. A sampler has been
built that provides a water vapour sample at a set dew
point from a water stream. We have verified that the
dew point remains within 0.1°C of the set value,
i.e., the concentration remains within 1% of the
average value for a water flow range from 0 to 2 cm3/s
and an air flow of 25 cm3/s through the sampler. The
sampler has been assembled with the water vapour/liquid
scintillator contacting device, described in PR-B-115,
for testing the complete design.

2.6.2 Effluent Monitor AEP-5252

This type of monitor for tritium in water has been
in use at the nuclear power stations for many years.
Plastic scintillator is used in it to detect the tritium.
Regular assistance to the staff at NPD in servicing and
repairing the detector used there has enabled us to
assess the performance of the detectors after prolonged
field use. A steady decrease in the detection
efficiency has been observed for detectors regularly
cleaned. This decrease is not the short-term decrease,
observed before and attributed to the accumulation of
slimes and dirt on the scintillator, but appears to
be because of a deterioration in the surface quality
of the scintillator.

Electron micrographs (prepared by B. Cheadle,
Metallurgical Engineering Branch) show that the
surfaces of scintillator sheets cycled through
cleaning routines in the laboratory and through the
normal use cleaning routine are all altered but which
part of the cycle causes the decrease in sensitivity
is not yet known. Scintillator samples are being
tested through various routines to determine the main
causes of the loss in sensitivity.

2.6.3 Air Monitor AEP-5270

The digital and analog signal circuits of the
reassembled prototype (see PR-B-115) have been revised
and the printed circuit boards rebuilt and commissioned.
The remaining board, which contains the fault detection
circuits, is being revised and rebuilt.



- 14 -

2.6.4 Air Monitor AEP-5275

The manual for this monitor has been completed
except fox the detailed circuit descriptions and the
fault-finding guide.

2.7 MONITORING GASEOUS FISSION PRODUCTS IN AIR EFFLUENTS -
R.V. Osborne and A.S. Coveart

2.7.1 Air Monitor AEP-5293

Commissioning and calibration of the monitor on
the effluent from the "Mo processing facility has
continued. The results of spectroscopic measurements
(by G.R. Edwards, Radiation and Industrial Safety Branch)
of air samples obtained in series with the monitor are
enabling us to compare the variations of concentrations
of kryptons and xenons in the effluent with age of
the material being processed with those predicted and
to verify the predicted variation of the monitor
calibration factors (for Ci and for Ci.MeV) with
the various krypton and xenon activities.

The manual for the monitor has been drafted and
a report reviewing the specific application of the
monitor to the effluents from the 99Mo facility and
the X2 experimental loop is being prepared.

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

The prototype Iodine-in-Air Monitor AEP-5217 was
moved in the middle of August to Building 225 to
monitor the 99Mo process. At the moment it is being
used as a qualitative indicator of the times and rates
of release of radio-iodines within the process cell,
and as a consequence is being exposed to concentrations
of radioactivity much higher than any previously
encountered. This is not the type of application for
which it was designed, however, and it should soon
bo moved to a location where the effluent from this
building to the stack can be monitored quantitatively.

A digital rate-of-rise meter has been constructed
for use with the monitor. This uses multi-decade
integrated-circuit sealers to give a statistically
efficient estimate of the rate of rise of the count-
rate averaged over a time which can be varied from
5 to 2000 s.

2.9 MEASUREMENT OF 1 2 SI IN AIR - R.M. Holford

The problem of accurately measuring the concentration
of 225i in effluent air was dealt with theoretically in
the report AECL-4598, published in 1974. In practice,
however, factors such as cost and manpower must also be
considered, and hence the recommendations of this
report have not yet been fully implemented.
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Measurement of 1 2 5i activity on the "May-pack"
charcoal-filled capsules currently used for monitoring
for 1 3 1I is the simplest option operationally, but it
is difficult to get accurate results because of the
combination of interfering x-rays from 1 3 1 I , uncertain
geometry and self-absorption of the 1 2 5i radiation by
the charcoal. Some improvement can be obtained by the
use of a K-edge filter (indium foil) to discriminate
against the 1 3 1i x-rays, but the usefulness of this
technique is limited by the production of fluorescence
x-rays at a similar energy.

If the charcoal is taken from the "May-pack"
capsule, mixed and then put in a standard plastic
container for counting, some of the uncertainties would
be eliminated, since the effect of counting geometry
and self-absorption on the counting efficiency would
be predictable and could be measured using standard
sources.

If there is a large amount of I 3 1i in the sample
it may still be necessary to wait for several months
for this activity to decay before an accurate 1 Z 5i
measurement can be made. If a quicker result is
required the alternative is to institute a separate
monitoring program for 1 2 5i taking the samples from
a point near the production facility before the
exhaust air is mixed with that which may contain
1 3 1 I . For this purpose charcoal-filled plastic
tubes with aluminum screening at the ends are desirable,
since a well counter can then be used to count the
activity with high efficiency. Some sampling tubes
of this type have been constructed and are being
evaluated.

2.10 MICROSCOPIC FLYING SPOT SCANNER - R.M. Holford

This instrument is being modified to allow the
cathode ray tube to be mounted horizontally instead
of face-down vertically. This change will permit the
distance from the screen to the microscope to be
increased to a point wher^ a full-sized scan can be
used on the CRT. Then the demagnified image on the
object to be scanned will have better line resolution.
An incidental advantage of this change is that
debris from the CRT cathode will not fall upon the
phosphor screen.

2.11 RADON MONITORING - G. Cowper

Development of a radon-in-air monitor in which
the air to be sampled is allowed to diffuse through
porous foam into the counting volume has continued.
The counting volume is a cylinder in which the side
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wall is made of wire mesh around which is wrapped a
2.5 cm thickness of foam. The ends of the cylinder are
solid. The detector, a TLD chip is held in a small
tube mounted at the centre of one end plate, directly
behind a thin aluminum foil window. An electric field
is maintained between the wire mesh wall and the aluminum
foil window upon which Rn daughter products are
collected and from where their alpha activity will
be detectable by the TLD chip. A second TLD chip is
enclosed in the same tube to measure the gamma radiation
background and provide a correction signal for the
output of the first TLD.

After testing LiF, CaF2(Mn) and CaF2(Dy) TLD
materials, CaF2(Dy) (TLD-200) in the form of 3 mm
square x 0.4 mm chips was selected. The TLD-200
chips are measured with a Harshaw Model 3000 Reader.
It was found that the response to radon was strongly
dependent upon the protrusion of the TLD mounting from
the cylinder end face and the optimum position was
found by experiment.

The electrostatic collection efficiency of Rn
daughter products is dependent upon the relative
humidity of the air containing the radon. Collection
efficiency falls rapidly from 0 to 15% RH and then
continues to fall at a slower rate up to 100% RH.
Calibration at 50% RH will yield results over the
20 - 80% RH range which are within ± 15% of the true
value. Over a one week integrating period average,
radon concentrations as low as 0.2 pCi/L (7.4 x 10 3 Bq/L)
are detectable.

Drawings of the monitor have been completed and
samples are under construction.

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

2.12.1 Body Radiation Doses

In the fourteen week period ending 9 September 1977
and the calendar year to this date there are the follow-
ing distributions of radiation exposures.
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Penetrating Radiation Dose - CRNL

Dose Range
rems

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks
i

No. of
monitored
persons

92
2345
125
21
1

Totax
Dose

Man-rem

0
176.80
84.41
24.02
1.97

111 mrem

115 mrem

Calendar Year

No. of
monitored
persons

73
2119
170
108
68
19
15
8
3
1

Total
Dose

Man-rem

0
282.16
125.74
135.71
116.28
41.38
42.04
25.76
11.51
4.09

303 mrem

312 mrem

Penetrating Radiation Dose - CP

Dose Range
rems

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

21
22.3
5
1

Total
Dose

Man-rem

0
15.80
2.77
1.30

79 mrem

87 mrem

Calendar Year

No. of
monitored
persons

19
201
19
9
2

Total
Dose ]

Man-rem j

o !
20.45 i
13.57 •
10.68 i
3.14 j

191 mrem

207 mrem
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Penetrating Radiation Dose - PP

rems

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

194
14

Total
Dose

Man-rem

0
0.16

<1 rarem

12 mrem

Calendar Year

No. of
monitored
persons

155
39
8
4
2

91

357

Total
Dose

Man-rem

0
4.74
5.45
4.86
3.87

mrem

mrem

Surface Radiation Doses - CRNL

Dose Range
rems

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.99
3.00 - 3.49
3.50 - 3.99
4.00 - 4.49
4.50 - 4.99
5.00 - 5.49
6.00 - 6.49

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen

No. of
monitored
persons

92
2300
141
44
6
0
1

127

132

Weeks

Total
Dose

Man-rem

0
169.
98
51
9.
0
2.

mrem

mrem

63
41
98
84

60

Calendar Year

No. of
monitored
persons

73
2096
145
95
82
44
22
10
10
3
2
1
1

221

230

Total
Dose

Man-rem

0
282.62
105.34
116.05
142.43
97.04
59.08
32.49
37.59
12.62
9.23
5.05
6.39

mrem

mrem
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Surface Radiation Dose - CP

Dose Range
rems

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

Average Dose
per monitored
person

Average Dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

21
217
10
2

Total
Dose

Man-rem

0
15.36
6.79
2.42

98 mrem

106 mrem

Calendar Year

No. of
monitored
persons

19
194
19
12
3
2
1

Total
Dose

Man-rem

0
20.35
12.64
14.77
5.24
4.45
2.60

240 mrem

260 mrem

Surface Radiation Dose - PP

Dose Range
rems

no radiation
0 - 0.49

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

194
14

]

IE

Total
Dose

Man-rem

0
0.21

. mrem

» mrem

Calendar Year

No. of
monitored
persons

155
38
7
6
2

Total
Dose

Man-rem

0
4.74
4.55
7.34
3.87

99 mrem

387 mrem
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The two-weekly administrative control limits
for whole body doses were exceeded twice at CRNL,
and once at CP.

2.12.2 Hand Radiation Doses

In the 14 week period ending 23 September 1977
and in the calendar year to this date there was the
following distribution of extremity doses as measured
by finger tip TLD's.

Dose Range

less
1.00
2.00
4.00
6.00

rems

than 0.99
- 1.99
-3.99
- 5.99
- 7.39

CRNL

Calendar Fourteen
Year

108
9
4
2
1

Weeks

39
5
1
1
0

CP

Calendar Fourteen
Year

39
9
9
3
0

Weeks

8
2
4
2
p

PP

Calendar
Year

5
0
0
0
0

Fourteen
Weeks

0
0
0
0
0

2.13 PUBLICATIONS AND LECTURES

2.13.1 Publications

(1) H. Ing and W.G. Cross, "Calculated Spectra for the
Dosimetry of D2O - Moderated Neutrons" Health
Physics 32 (1977) p.351

(2) A.R. Jones, "A Versatile 3Y Survey Meter with
Numerical Display." IEEE Transactions on Nuclear
Science.NS-24, 625, (1977) AECL-5587

(3) A.R. Jones,"Spent Fuel Monitor for Nuclear
Safeguards." IEEE Transactions on Nuclear Science
NS-24, 602, (1977), AECL-5588

(4) D.K. Myers, J.D. Childs and A.R. Jones.
"Sensitization of Bacteriophage T4 to G 0Co
y-Radiation and Low Energy x-Radiation by
Bromouracil." Radiation Research 6J9, 152,
(1977) AECL-5641

(5) A.R. Jones,"The Application of an Automated
Thermoluminescence Dosimetry System to
Environmental y-Dosimetry.* AECL-5385

2.13.2 External Lectures

I H. Ing and W.G. Cross, "Accuracy of Criticality
Accident Neutron Doses Using Calculated Spectra
From Simple Assemblies", presented at 22nd Annual
Meeting of Health Physics Society, Atlanta, Georgia,
July 3 - 8 , 1977
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II H. Ing, W.G. Cross and B.J. Tymons, "Current
Work in Neutron Dosimetry at CRNL" presented
at Sixth Workshop on Personnel Neutron Dosimetry,
ORNL, Tennessee, July 11 - 12, 1977

III H. Ing, "A Compendium of Neutron Spectra for
Determination of Neutron Doses in Criticality
Accidents" presented at Fourteenth Dosimetry
Intel-comparison Study, ORNL, Tennessee, July
13 - 22, 1977

2.13.3 Internal Lectures given at CRNL Health Physics Course
26 - 30 September 1977

G. Cowper - Non-ionizing Radiation
A.R. Jones - Measurement of Radiation
R.V. Osborne - Radioactivity, Radiation Physics and

Units



- 23 -

ENVIRONMENTAL RESEARCH BRANCH

by

I.L. Ophel

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

3.3.1 Polyculture of Fresh Water Organisms
3.4 Effects of Temperature on Algae
3.5 Biochemistry, Biogeochemistry and Microbial Ecology

3.5.1 Biogeochemistry of the Waste Management Area
3.5.1.1 Organics in Ground Water
3.5.1.2 Bacterial Populations in Ground Water

3.5.2 Operation of the Total Carbon System
3.5.3 Control Mechanisms in the Cellular Metabolism

of Ustilago maydis
3.6 Aquatic Radioecology and Fresh Water Biology

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

3.8.1 Energy Budget and Lake Evaporation
3.8.2 Water Budget and Lake Chemistry
3.8.3 Perch Lake Model
3.8.4 Data Storage

3.9 Snowmelt and Evapotranspiration in a Forested Catchment
3.10 Neutron Activation Analysis
3.11 Waste Management Areas

3.11.1 Soil and Ground Water Sampling
3.11.2 Arsenic in Environmental Samples
3.11.3 Stabilization of Ferro-Columbium Mining and

Milling Wastes

For Figures 1, 2 and 3 see end of section
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3.12 Cooperation With Outside Organizations
3.12.1 Cooperation with Universities
3.12.2 University of Waterloo Contracts

3.12.2.1 Study of Dispersion in Ground Water
Flow Systems

3.12.2.2 Study of Mixing in the Unsaturated
Zone Using Isotopes

3.12.2.3 Subsurface-Surface Water Interactions
3.12.3 Queen's University Contract
3.12.4 Rain Sampling Program in Cooperation with Canada

Centre for Inland Waters
3.13 Contaminant Hydrogeochemistry
3.14 Distribution of Tritium in the Bruce Heavy Water Plant
3.15 Isotope Evaporation Studies
3.16 Infiltration Studies
3.17 Environmental Impact Assessment
3.18 Gamma Exposure Rates at the CRNL Boundary
3.19 Off-Site Monitoring
3.20 Liquid Effluent Monitoring
3.21 Liquid Disposal Area
3.22 Tritium Survey
3.23 Survey Summary
3.24 Publications
3.25 Verbal Presentations

3.25.1 Presented Papers
3.25.2 Local Talks
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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. Robertson
D.P. Wildsmith

L.K. Hendrie1

Natural Isotope Studies

R.M. Brown Assistant: C D . Fraser

Biochemistry and Microbial Radioecology

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

Radiochemistry and Terrestrial Radioecology

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

Contaminant Hydrogeochemistry

R.E. Jackson2 Assistant: K.J. Inch3

attached staff from Dept. of Geography, University of
Toronto, Toronto, Ontario, as of 4 October 1976.

2Attached staff from Inland Waters Directorate,
Environment Canada, Ottawa, Ontario.

3Attached staff from Inland Waters Directorate,
Environment Canada, Ottawa, Ontario. Returned from

Maternity Leave, 1 August 1977.
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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

University of Waterloo, Waterloo, Ontario
J.F. Pickens* - Arrived 6 June
H. Vandor* - Arrived 4 July
R.V. Nicholson* - Arrived 7 June, terminated 1 August
B. Dupuis* - Arrived 12 August, terminated

2 September
V. Duret* - Arrived 12 August, terminated

30 August
P.B. Thomas - Arrived 13 July, terminated 8

September. Worked with R.M. Brown on
isotopic concentrations in clay.

Queen's University, Kingston, Ontario
N.R. Catto* - Arrived 8 August, terminated

16 September
K.E. Lyon* - Arrived 6 July, terminated 16

September
S.G. Roper* - Arrived 6 July, terminated 9 September.

*Worked under research contract between AECL and the
University



- 27 -

3.1.2 Other Attached Staff (cont'd)

L.M. Johnston - Inland Waters Directorate,
Environment Canada, arrived 12
September. Working with W.F. Merritt
on trace elements in ground water.

L. Tremblay - Ecole Polytechnique, Montréal, Québec.
Working with I.L. Ophel on Master's
Thesis.

3.1.3 Summer Students

B.D. Dickie - McMaster University, worked with R.M.
Brown, terminated 26 August.

S. Le Gresley - University of Toronto, worked with J.W.
McMahon, terminated 2 September.

K.A. Trollope - Mount Allison University, worked with D.R.
Champ, terminated 9 September.

D.M. Wildsmith - Champlain High School, worked with P.J.
Barry, terminated 6 September.
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3.2 STUDIES ON EFFECTS OF HEATED WATER ON AQUATIC ORGANISMS
- J.W. McMahon and A.E. Docherty

Studies were carried out in large polyethylene
enclosures in Maskinonge Lake to evaluate the combined
effect of temperature and artificial enrichment with
nitrogen:phosphorus on phytoplankton numbers, species
composition and productivity (carbon assimilation).

The combination of the two nutrients with heated
water (10°C above ambient) gave consistently higher
lkC primary productivity values than the heated control
and the heated enclosures containing only phosphorus or
nitrogen. The non-heated control enclosure, containing
both phosphorus and nitrogen, however, produced highest
lkC values in two of the experiments.

In another series of experiments the combined ef-
fects of temperature and arsenic on phytoplankton growth
were studied. Arsenic, as arsenous acid, in concentra-
tions ranging from 0.3 to 150 pg/L, had no significant
effect on * **C primary productivity by phytoplankton in
either the non-heated control enclosure or the heated
experimental enclosure. Observations were carried out
over a two-week period.

A concentration of 300 pg/L of arsenic, however,
resulted in a 60% decrease in C fixation by phyto-
plankton in heat-enriched water. Non-heated lake water
at the same arsenic concentration showed only a slight
decrease in carbon assimilation in comparison to the
control samples.

3.3 BENEFICIAL USES OP WASTE HEAT - J.W. McMahon, A.E.
Docherty and S-R. Gentner

3.3.1 Polyculture of Fresh Water Organisms

Studies were initiated to evaluate nutrient re-
quirements and optimum temperatures for the mass cul-
ture of naturally occurring phytoplankton in Maskinonge
Lake. Preliminary experiments are being carried out
in large fibreglass tanks containing heated lake water.
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3.3.1 Polyculture of Fresh Water Organisms (cont'd)

Nutrient enrichment of lake water warmed to 27°C pro-
duced dense growths of mixed species of algae. The
dominant forms were Chrooooaous, Microoystis, Synedra,
Chlamydomonas and Ankistrodesmus.

Heavy growth was obtained in lake water enriched
with phosphorus and nitrogen or phosphorus and nitrogen
plus iron. Over a 12-day culture period 1'*C primary
productivity levels (measured as dpm/mL) increased from
80 (unheated lake water) to 12,800.

A continuous culture of lake phytoplankton has
been established and agar slants have been inoculated
from this culture to select phytoplankton species
which will grow readily at higher temperatures.

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

Primary productivity measurements with x "*C indi-
cate high carbon assimilation in select algal species
at temperatures of 25 and 30°C. However, analytical
determinations for organic carbon content of the res-
pective samples, using the adenosine triphosphate
method, fail to show a consistent correlation between
total organic carbon and primary productivity. Evalua-
tion of this data is continuing.

One area of interest in the use of low-grade heat
for aquaculture is the effect of temperature on
carbohydrate-protein composition of algae during growth.
Laboratory studies to date have concentrated on an
evaluation of chemical methods for analyzing protein
and carbohydrate. The phenol/H2SOi, method for carbohy-
drate and the Coomassie Brilliant Blue method for pro-
tein appear to be the most satisfactory methods cur-
rently available.
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3.5 BIOCHEMISTRY, BIOGEOCHEMISTRY AND MICROBIAL ECOLOGY

3.5.1 Biogeochemistry of the Waste Management Area

3.5.1.1 Or2a2.ics_in Ground_Water - D. R. Champ and
J.L. Young

Previous studies have shown that organic carbon
is present at concentrations of approximately 0.8 to
4 mg/L in the ground water flow system under study.
Recent analytical efforts have focused upon fractiona-
tion by ultrafiltration techniques utilizing a series
of ultrafiltration membranes with exclusion limits of
500 to 100,000 molecular weight. With appropriate
techniques the backgrounds can be reduced to 0.08 mg/L
and lower. One test well has been chosen for the
initial study. Preliminary results" have indicated
that a fractionation of the organic components can be
achieved with recoveries of at least 80% of the start-
ing material.

3.5.1.2 Bacterial^ Population£ i.n_G£ou.nd Water - D.R.
Champ and K.A. Trollope

A study was begun this quarter to examine ground
water for the presence of bacteria. Bacteria have
been implicated in various catalytic processes in the
ground water and as such to play an important role in
the overall chemistry of the system. A great deal of
effort was expended in developing appropriate "sterile"
sampling techniques, staining methods and microscopic
examination procedures. Preliminary results have
demonstrated the presence of bacteria at all locations
tested. This work is continuing and being expanded to
look at a number of representative sites down the
flow system.

3.5.2 Operation of the Total Carbon System - D.R. Champ and
J.L. Young

During the past quarter the carbon analyzer has
been extensively used for analyzing both organic and
inorganic carbon in water samples from various groups.
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3.5.2 Operation of the Total Carbon System (cont'd)

An extensive series of water samples obtained by
the core and squeeze technique of the Queen's Univer-
sity group have been analyzed for inorganic carbon.

Organic carbon analysis has been done on a number
of water samples from L.K. Hendrie's evapotranspiration
studies site. Samples of rain water, throughfall and
stemflow have been analyzed.

Water from the feed water treatment process to
the GS Mobile Pilot Plant has been analyzed for or-
ganic carbon at the request of the Chemical Engineering
Branch. The results of the initial analyses have been
encouraging and it is anticipated that this coopera-
tive work will proceed on a continuing basis.

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

Characterization of two DNA acid solubilizing
glycoproteins from Ustilago maydis has been continuing.
Sedimentation in sucrose gradients has been used to
examine the nature of the reaction products formed
when radioactivity labelled T7 DNA is treated with
these glycoproteins. This analysis has shown that
(1) a complex is formed between the glycoproteins and
the DNA; (2) the DNA-glycoprotein complex can be
dissociated under alkaline conditions such that in-
tact DNA molecules can be recovered; (3) the fast
sedimenting complexes may result from the formation
of intermolecular DNA-glycoprotein-DNA complexes;
(4) the glycoproteins do not cause breakdown of the
DNA. However, one fraction does contain a trace
amount of an EDTA-inhibitable nuclease activity.
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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

Chemical analysis of Perch Lake bottom sediments
is continuing. One centimetre sequential sections of
an entire 80 cm core sample are being analyzed for
mineral elements and organic content. Cation exchange
capacities of soil and sediment samples from the Perch
Lake area were determined for R.E. Jackson using the
6 °Co tracer method previously developed in our labora-
tory.

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

Further studies relevant to the effects of heated
discharges from the Gentilly Nuclear Generating Station
on St. Lawrence River biota are being made by a group
from Université du Québec à Trois-Rivières under con-
tract to AECL. The final report of the 1976-77 research
period has been received. The report details quantita-
tive studies of aquatic plant biomass and the producti-
vity of the associated epiphytic fauna in the region
of the generating station.

3.8 PERCH LAKE PROJECT

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

Lake temperature profiles were measured regularly
at Perch, Maskinonge and Upper Bass Lakes, by means of
a manually operated portable probe. The automatic
temperature measuring equipment at Perch Lake has only
operated well for short time-periods. Most problems
were caused by thunderstorms and animals. Wind and
solar radiation instruments have functioned well.
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3.8.2 Water Budget and Lake Chemistry - P.C. Jay

Tritium and chemical analyses of water samples
of Perch Lake Outlet, Perch Creek Weir and No. 1 and
No. 2 Inlets were continued. Dissolved oxygen mea-
surements in the lake were resumed on a weekly basis,
weather permitting.

Water collected from seepage meters was analyzed
for tritium and major ions in cooperation with D.R.
Lee, University of Waterloo.

Samples of incident precipitation, stemflow and
throughfall in the forest have been collected and
analyzed per event for major cations and pH. Local
incident precipitation has a pH of between 3.8 and 4.2.
However, precipitation collected from the rain water
flowing down the stems of trees is modified. Stemflow
from birch has a pH of about 3.0 whereas that from
large-tooth aspen has a pH of 6.8 to 7.2. Stemflow,
particularly that from large-tooth aspen, has an en-
hanced concentration of calcium and magnesium ions,
e.g. calcium concentration is between 30 and 40 mg-L"1

compared to that in incident rain of less than 1 mg-L""1.

In each of a series of experiments more than
2000 L of distilled water (pH =6.3) and distilled
water acidified to pH 3.2 with a mixture of nitric
and sulphuric acids were sprayed from the top of a
21 m tower over trees to simulate rain. Stemflow
collected from large-tooth aspen contained calcium
and magnesium in greater concentrations with acidified
distilled water than with distilled water, but still
significantly lower than those observed with natural
rain.

These experiments are carried out in cooperation
with the University of Toronto and the Atmospheric
Environment Service of the Department of the Environment.
Further work is continuing to determine the roles of
the leaves and stems in this process.
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3.8.3 Perch Lake Model - P.C. Jay-

Work has been completed on a scale model show-
ing the surface topography, underground piezometer
nests and sampling points from Waste Management Area
"A" to the Outlet of Perch Lake.

3.8.4 Data Storage - D.P. Wildsmith

The format for storing environmental data col-
lected at CRNL has been modified to bring it into line
with that used by Department of the Environment. Al-
though this change has meant a considerable time spent
on altering the card storage files, it will, in future,
facilitate the exchange of data based between the vari-
ous groups responsible for collecting environmental
information in the Perch Lake area.

3.9 SNOWMELT AND EVAPOTRANSPIRATION IN A FORESTED CATCH-
MENT - L.K. Hendrie

The data bank for the snowmelt section of this
experiment has been examined, spurious values removed
and hourly averages computed. Data collected for the
evapotranspirational phase, as outlined in the pre-
vious progress report, have continued throughout the
quarter. The continuous monitoring of the meteorolo-
gical parameters influencing evapotranspiration from
the forest has been complemented by detailed daily
analyses of the proportioning of precipitation, and
regular examination of soil moisture, ground water
characteristics and stomatal resistances measured with
a diffusion porometer.

In conjunction with Dr. A. Price, University of
Toronto, further investigation of the energy exchanges
involved during snowmelt in the forested Perch Lake
basin will be undertaken in 1978. Towards this end
an additional site including a fully-lined 25 m2 run-
off plot has been prepared.
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3.9 SNOWMELT AND EVAPOTRANSPIRATION IN A FORESTED CATCH-
MENT (cont'd)

Stemflow from a variety of species, throughfall,
surface runoff and precipitation in the open have been
sampled for a number of major precipitation events,
and in conjunction with P.C. Jay and other Branch mem-
bers are being analyzed for major cations and anions.
Interesting changes in pH and considerable enhancement
of concentrations of calcium and magnesium (in particu-
lar) have been detected.

To further investigate the mechanisms involved
samples have been collected and analyzed following
two rainfall simulations; the first with distilled
water (pH = 6), and the second with acidified distilled
water (pH = 3).

3.10 NEUTRON ACTIVATION ANALYSIS - W.F. Merritt

Samples of leachate from a variety of soil types
were analyzed for several trace elements, particularly,
Cs, Co, Sr and Ba, in collaboration with Dr. R.W.
Gillham of the University of Waterloo.

3.11 WASTE MANAGEMENT AREAS

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

Further sampling wells are being installed in
the vicinity of the Chemical Pit. Undisturbed core
samples from the front of the cesium plume of the 1954
test disposal have been obtained for pore water chem-
istry investigation and for the determination of dis-
tribution coefficients (Kg) for 90Sr and 1 3 7Cs. Wells,
piezometer and water samplers were installed in various
parts of the Waste Management Areas as required.

Special samplers were designed and installed in
a concrete trench in Waste Management Area "B".
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3.11.2 Arsenic in Environmental Samples - I.L. Ophel and
J.M. Judd

The arsenic determination method, using a
heated quartz tube to convert AsH3 to atomic arsenic
for atomic absorption analysis, is now in routine
use. Arsenic determinations on samples of lake water
and algae, from J.W. McMahon's experimental columns,
were carried out and the results were consistent and
reliable. Further determinations are being done on
environmental samples, including Albion Road con-
taminated soil. The arsenic apparatus, with slight
modifications was used to measure selenium. The
method seems to be very good but selenium detection
limits, although low (<2 ppb), have yet to be deter-
mined exactly.

3.11.3 Stabilization of Ferro-Columbium Mining and Milling
Wastes - L. Tremblay

Growth rate experiments on various concentra-
tions of ferro-columbium wastes using radish (Raphanus
sativus) , turnip (Bvassioa napus) , rye (Seaale oeveale)
and timothy {Phleum pratense) show that growth rate
in the 100%* concentration is severely retarded.
Growth tests are still in progress using Bird's foot
trefoil (Lotus eornioulatus) and Red clover (Trifolium
pvatense). Toxicity tests and a comprehensive litera-
ture survey are under way. Heavy metal uptake by
plants and the effect of leachates on seed germination
will also be studied.

3.12 COOPERATION WITH OUTSIDE ORGANIZATIONS

3.12.1 Cooperation with Universities - W.F. Merritt

Another ground water dispersion experiment was
carried out at "0" nest in Perch Lake basin. In this
experiment water labelled with 1 '"1I was pumped into

*100% wastes refers to the waste material received
at CRNL
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3.12.1 Cooperation with Universities (cont'd)

the upstream well to create a marked cylinder around
the well. Then the downstream well was pumped and
the breakthrough curve obtained. The movement of the
tracer was followed by sampling the multi-level sam-
plers. The results are being analyzed.

Ground water velocity in the leachate plume
from the Base Borden sanitary landfill site near
Alliston, Ontario was obtained at several points us-
ing the point dilution method with 1 3 1i as a tracer.
The results agreed with more conventional methods of
measuring ground water velocities. This is probably
the first time that point dilution using a radioac-
tive tracer has been used off-site of CRNL in Canada.
The study was licensed by the Atomic Energy Control
Board. Only 30 pCi (1 MBq) of 1 3 1I were used for
the study.

3.12.2 University of Waterloo Contracts - P.J. Barry

Three projects under this contract have been
carried out during the period as follows:

3.12.2.1 Study of Dispersion in Ground Water Flow
Systems - J.F. Pickens, J.A. Cherry, R.W.
Gillham and W.F. Merritt

Various field tracer tests are being conducted
in an aquifer at a site north of Perch Lake to obtain
estimates of dispersivity. The objectives of these
studies are to determine the hydrogeologic controls
of dispersion phenomena and to evaluate the suita-
bility and usefulness of these field tests. Both
analytical and numerical models have been utilized
in the analysis of the experiments. The ultimate
purpose of this study is to establish methods for
estimating the parameter dispersivity for use in
predictive models for tracer or contaminant movement.
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3.12.2.2 Study of Mixing in the Unsaturated Zone
Using Isotopes - H. Vandor, R.W. Gillham,
G. Allison and R.M. Brown

A field experiment was conducted to study the
infiltration, movement and mixing of a labelled slug
of water as it passes through the unsaturated zone
profile.

3.12.2.3 Subsurface-Surface Water Interactions - D.R.
Lee and R.V. Nicholson

A multiple-well tracer test at the eastern
margin of Perch Lake is under way to study the move-
ment of contaminants from the ground water zone into
surface waters.

Seepage meters have been located on the bed of
Perch Lake and are being monitored to study the tran-
sient nature of ground water flux to surface water
bodies especially during and following rainfall events.

3.12.3 Queen's University Contract - W.F. Merritt

The group from Queen's University under Dr.
R.J. Patterson spent the summer taking samples of
local sands and soils, "squeezing" them to extract
the pore water and carrying out field measurements of
EH and pH. Both water and soil samples were preserved
for further analysis at the University. Water will be
analyzed for elemental content by atomic adsorption.
The surfaces of the soil particles will be examined
by X-ray diffraction and optical microscopy, and the
surface layering by scanning electron microscope.

A survey of the Pleistocene geology of the CRNL
outer area carried out during the summer has consider-
ably expanded our knowledge of the processes involved
in its geological history.
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3.12.4 Rain Sampling Program in Cooperation with Canada
Centre for Inland Waters - P.C. Jay

A rain sampling program in cooperation with
Canada Centre for Inland Waters of the Department of
the Environment is continuing. Rain samples are col-
lected each month to aid in an investigation of poly-
chlorinated biphenyls and some pesticides in precipita-
tion.

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

The summer field season continued during July
with the drilling and coring of soil contaminated by
the 90Sr and 137Cs plumes at "M" piezometer nest in
the lower Perch Lake basin. Considerable difficulty
was experienced in obtaining undisturbed cores of the
cohesionless sandy sediments due to the nature of cable-
tool drilling. An improved and larger cohesionless
sediment sampler is being designed for next summer.

The sandy sediments and the associated ground
water which were obtained by the existing sediment
sampler were analyzed for the distribution coefficients
of Sr and 1 3 7Cs, the cation exchange capacity and
the sedimentary organic matter. Satisfactory separa-
tion of the sediments from the interstitial waters
was achieved by the centrifugation of 6 cm cores of
the sediment contained in lucite core-barrel tubes.

3.14 DISTRIBUTION OF TRITIUM IN THE BRUCE HEAVY WATER
PLANT - R.M. Brown

Water samples from various stages of the Bruce
Heavy Water Plant have been analyzed for tritium to
observe the fate of environmental tritium in such a
system. Deuterium analyses are under way to obtain
precise T/D ratios for the various stages.
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3.14 DISTRIBUTION OF TRITIUM IN THE BRUCE HEAVY WATER
PLANT (cont'd)

Overall, tritium is enriched in the Plant, but
much less efficiently than deuterium. In the H2S-H2O
exchange process, tritium is depleted relative to
deuterium by a factor of 50. In the final distilla-
tion step, tritium is enriched relative to deuterium
by a factor of 2.5.

3.15 ISOTOPE EVAPORATION STUDIES - R.M. Brown, C D . Fraser,
B.D. Dickie and G.B. Allison*

The relationship between the isotopic components
of water in an isolated water body (e.g. an evaporating
pan) evaporating under constant conditions is given by:

where 6 is the concentration of the heavy isotope at
volume V; SOf V o are initial conditions and 6S is the
concentration attained as V + 0. It was hoped to ob-
tain 6S and m of the above equation from long evapora-
tion runs in pans protected from rainfall by a canopy.
In practice it has been found that strong humidity
changes are sufficient to disrupt a run and data must
be analyzed for relatively short periods. This intro-
duces unacceptable ambiguity into extrapolating to 6
and meaningful m values can not be so obtained.

As an alternative, m has been derived from the
theoretical approximation:

m 1 - h + Ac (2)

•Commonwealth Scientific & Industrial Research Organi-
zation (CSIRO), Australia
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3.15 ISOTOPE EVAPORATION STUDIES (cont'd)

where h is the mean daily relative humidity, e the iso-
topic enrichment factor and Ae the kinetic component
of that enrichment factor. This mean daily m is then
applied to day-by-day changes of 6 and V to obtain <5S
on a daily basis from Equation (1). Daily mean values
of the isotopic composition of atmospheric moisture,
<5a, and the evaporating moisture, 6E, may then be ob-
tained from:

h 6a + e
3 (3)s h - e

6^-6
(4)

It has been found that pans on and beside Perch
Lake gave a common value for 6a (as should be the
case) when the free air relative humidity was used
rather than the relative humidities normalized to the
different pan temperatures as is usually used.

Preliminary trials indicate that exposing pairs
of pans of different initial isotope concentrations
may provide reliable experimental values of m and 6S,
independently of the theoretical approximation Equa-
tion (2).

3.16 INFILTRATION STUDIES - R.M. Brown, H. Vandor*, R.W.
Gillham* and G.B. Allison**

Two infiltration experiments involving artifi-
cial flooding of a 7 x 7 m plot with 40 L-m"2 water
have been performed in collaboration with personnel
from University of Waterloo. In the first, Perch Lake
water, characterized by its isotopic composition of
50,000 Tritium Units and 148 ppm D/H, was used. In

•University of Waterloo, Waterloo, Ontario
**CSIRO, Australia
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3.16 INFILTRATION STUDIES (cont'd)

the second experiment, performed two weeks later,
Ottawa River water having 150 TU and 144 ppm D/H was
used to provide a contrast with the initial flood
water.

Soil cores were taken during the infiltration
periods and waters extracted from these by a squeezing-
displacement technique are being analyzed for their
isotopic contents.

During the experiments soil moisture profiles
were measured in situ by neutron moisture gauge
scanning (University of Waterloo personnel) and micro-
wave dielectric scanning (Geological Survey of Canada
of the Department of Energy, Mines and Resources and
the Department of Agriculture personnel).

3.17 ENVIRONMENTAL IMPACT ASSESSMENT - I.L. Ophel

The immediate task of the Environmental Protec-
tion Working Party (EPWP) is to assist the other work-
ing groups responsible for the environmental impact
assessment of the proposed AECL-Ontario Hydro Fuel
Management Centre. The EPWP will provide the generic
procedures and the data base to enable the calcula-
tion of radiation doses to man as a result of the
operation of a Fuel Management Centre and its asso-
ciated facilities. Present schedules call for final
selection of a site in 1983.

3.18 GAMMA EXPOSURE RATES AT THE CRNL BOUNDARY - W.E.
Grummitt

TLDs placed at the perimeter of the CRNL exclu-
sion area are used to measure mean exposure rates and
the annual integrated exposures. Results in Table I
give the sum of contributions from CRNL and natural
gamma radiation. Values are lower during the winter
months because of shielding of the terrestrial com-
ponent of the snow cover.
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3.18 GAMMA EXPOSURE RATES AT THE CRNL BOUNDARY (cont'd)

TABLE I. TLD Gamma Exposure Rates in Public Area*
(yR/h)

Location
(See Figure 3)

1
2
3
4
5
6
7
8

13
Harrington Bay**
Deep River

Second Quarter
1977

7.3
5.9
1.7
6.9
3.6
2.6
4.0
5.5
6.4
-
3.1

1975
Average

13.8
8.4
5.3
8.4
6.9
6.3
8.7

11.3
10.6
9.3
9.8

1976
Average

10.4
5.4
4.3
5.9
4.8
5.4
5.4
7.9
8.5
6.6
6.2

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

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

3.19 OFF-SITE MONITORING - W.E. Grummitt

Precipitation samples collected at Deep River
were analyzed radiochemically for 90Sr and spectro-
metrically for 137Cs and other gamma emitters. Monthly
composite samples of water from the Ottawa River, col-
lected at Rolphton, Deep River, Pembroke and CRNL,
were also analyzed for gamma emitting nuclides, tritium
and 90Sr. The results are shown in Figure 1. The main
source of activity in these samples continues to be
weapons' fallout.
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3.20 LIQUID EFFLUENT MONITORING - W.E. Grummitt

At CRNL, three liquid effluent streams discharge
radioactivity to the river from the inner area. They
are the Process and Sanitary Sewers plus the 04 Storm
Sewer combined with 04A seepage. Each of these is
sampled regularly and is analyzed for individual nu-
clides. The mean daily releases from the Process
Sewer are given in Table II for the second quarter of
1977. Most of the radionuclides are measured by gamma
ray spectrometry.

TABLE II. Mean Daily Release from the Process Sewer
Second Quarter 1977

Radionuclides

9 o S r

1 3 7 C s
111 "Ce
i o e R u

llt0Ba
1 S II
239Np
95Zr
5"Mn

"6Sc
59Fe
e5Zn
60Co

Daily î
mCi/d

2,7
4.7

19

-

39

39

37

18

7.3

13

11

13

2.0

Release
MBq/d

200

170

700

-

1440

1440

1370

670

270

480

410

480

75

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

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

3.21 LIQUID DISPOSAL AREA - W.E. Grummitt

Weekly samples and flow readings were taken at
weirs on the surface streams carrying contaminated
seepage water from the Liquid Disposal Area into Perch
and Maskinonge Lakes (see map, Figure 3). Samples were
combined and analyzed monthly for 90Sr, 35S and 3H as
well as quarterly for gamma emitting radionuclides.
Strontium-90, 60Co and 3H are still the main contami-
nants in the Perch Lake basin.

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

Average concentrations of tritium in streams
within the exclusion area are given in Table III to-
gether with the amount released during the second
quarter of 1977.

TABLE III. Tritium in Streams in the Exclusion Area
Second Quarter 1977

Process Sewer
Sanitary Sewer
04 Storm Sewer
(plus 04A)

Perch Creek
Duke Stream*

Concentration
liCi/L

0.052
0.025

0.076

0.13
3.6

kBq/L

1.9
0.9
2.8

4.8
135

Quarterly Release
Ci

690
1
12

110
70

GBq

2.6 x 10-
40

450

4100
2600

*Duke Stream discharges into Maskinonge Lake; all
other streams flow directly to the Ottawa River.
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3.23 SURVEY SUMMARY -W.E. Grummitt

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

3.24 PUBLICATIONS

Gentner, S-R. Uptake and transport of iron and phos-
phate by Vallisneria spiralis L. Aquatic Botany 3:
267-272.

Grummitt, W.E. and G. Lahaie. Environmental monitoring
at Chalk River Nuclear Laboratories. Part I. Gamma
ray spectrometric analysis of the NRX and process
effluents. Atomic Energy of Canada Limited, Report
AECL-5698.

Robertson, E., D.P. Wildsmith and P.C. Jay. Energy,
water and tritium budgets for Perch Lake: 1975.
Atomic Energy of Canada Limited, Report AECL-5717.

3.25 VERBAL PRESENTATIONS

3.25.1 Presented Papers

Brown, R.M. and P.J. Barry. A review of HTO evapora-
tion studies at Chalk River Nuclear Laboratories.
Presented at Advisory Group mtg. on the Application
of Nuclear Techniques to the Study of Lake Dynamics,
29 August-2 September 1977, Vienna, Austria. INVITED

Allison, G.B.*, R.M. Brown and P. Fritz**. Behaviour
of stable isotopes in evaporation p?n experiments.
Presented at Advisory Group mtg. on the Application
of Nuclear Techniques to the Study of Lake Dynamics,
29 August-2 September 1977, Vienna, Austria. INVITED

*CSIRO, Australia
**University of Waterloo, Waterloo, Ontario
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3.25.1 Presented Papers (cont'd)

Grummitt, W.E. and G. Lahaie. Reliable .nonitoring of
radioactive effluents. Presented at IAEA Int. Symp.
on the Monitoring of Radioactive Airborne and Liquid
Releases from Nuclear Facilities, 5-9 September 1977,
Portoroz, Yugoslavia.

Ophel, I.L. Radionuclide transport by aquatic food
chains. Presented at Workshop on Evaluation of
Models Used for the Environmental Assessment of Ra-
dionuclide Releases, 6-9 September 1977, Gatlinburg,
Tennessee, U.S.A. INVITED

3.25.2 Local Talks

Merritt, W.F. Environmental radioactivity. Presented
at 19th Annual Health Physics Course, 26-30 September
1977, CRNL.

Ophel, I.L. Environment and man. Presented at 19th
Annual Health Physics Course, 26-30 September 1977,
CRNL.
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POPULATION RESEARCH BRANCH

by

Howard B. Newcombe

4.1 Staff (July - September 1977)

4.2 Aims of the Branch

TUMOUR INDUCTION IN MAMMALS

4.3 Synergistic effects in radiation carcinogenesis

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

INFORMATION SOURCES

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

4.5 Linking ill-health records into individual health
histories

4.6 AECL-UBC collaborative record linkage project

4.7 Publications
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4.1 STAFF

Branch Head - H.B. Newcombe

Hereditary changes and tumour induction in vertebrates

Assistant J.F. McGregor

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

H.E. Smith

Secretarial - C.L. Nagy

Summer Student
Anthony S. Chu, University of Toronto, working with

H.B. Newcombe and M.E. Smith, returned to university
26 August.
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4.2 AIMS OF THE BRANCH

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

TUMOUR INDUCTION IN MAMMALS

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

Statistical analyses of a large volume of data on
radiation-induced tumours in the skin of rats (see
PR-B-114) have been completed. A paper is in preparation
to show that a) the ratio of cancers to benign tumours
is positively correlated with radiation dose, b) the
cancers make their first appearance markedly earlier
than do the benign tumours, c) ulcers are more likely
to become cancerous than are the wartlike growths or
the cysts, and d) tumours destined to become malignant
grow much more rapidly from the beginning than do those
that remain benign, even when they are initially
outwardly indistinguishable in appearance, this being
true equally for warts, cysts and ulcers. Little
attention has been given in the literature to these
three features of radiation carcinogenesis, since the
bulk of the interest has been in overt cancers, and in
their dose-response characteristics which are essential
for estimating the risks in man. The material will be
submitted to the Journal of the National Cancer Institute
for publication.

The current study on synergism between radiation
and certain chemical carcinogens in the environment
(see PR-B-112) is continuing. Final scoring of
tumours is due towards the end of October 1977, after
which time the data will be analysed for a series of
papers to be produced within the next two years.

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

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

Recently, advantage was taken of an unique
opportunity to compare the accuracy of a computer
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linkage system and that of a large manual operation in
which British Columbia records of congenital anomalies,
registered handicaps of children, and child deaths
were routinely linked with the birth registrations of
the affected individuals. When the same birth linkages
were carried out with files sorted in three alternative
sequences using the CDC6600 computer at CRNL (as part
of a larger linkage o p e r a t i o n ) , the results from the
two procedures were noted on each for more than 44,000
"doubly linked" health records. When all doubtful
linkages had been examined visually, it became possible
to assess the performance of the computer in terms of
its human counterparts. The success rate of the computer
was consistenly higher for each kind of ill health
record, and overall was 98.5% versus 97.0%.

Because visual examination of the "doubly linked"
records had suggested some refinements which might
improve the computer linkage performance, and also
since a faster CYBER175 computer was now available for
revised time and cost estimates, matching of the
44,000 doubly-linked records to one million births has
been repeated. Four alternative sort sequences were
used for the new computer linkages namely, 1) Soundex
(surname phonetic code) birth date, 2) Soundex forename,
3) birth date alone, and 4) Soundex birth year. A
threshold value of zero weight or greater was set for
the acceptance of a linkage at each step. Analysis of
the efficiency, cost, and speed of using four sequences
for linking ill-health to birth records is now in
progress.

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

A file of 325,000 ill-health "Z-summary" history
records has been created for use in deriving age-
specific risks of death, hospitalization, and handicap
registration over the first decade or two of life among
individuals registered as having diseases falling in
certain broad categories which include the single-gene
and chromosomal diseases, those with irrenular patterns
of inheritance, and those with unknown etiologies and
known environmental causes.

The statistical analysis of this file for age-
specific death rates would be simple if a cohort of
handicapped children could be identified at birth and
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could all be followed for a given number of years to
determine how many of them died and at what age. The
present data, however, relate to children born over a
span of years (1952-70), registered as handicapped at
various ages, and followed only to the end of 1970.
Care must be taken therefore to ensure that the numer-
ators (i.e. the number of deaths in the nth year of
life) relate strictly to the same population as the
denominators (i.e. the numbers of handicapped children
among whom these deaths occurred).

Three alternative statistical treatment methods,
along with their respective biases, have been invest-
igated and tested, namely where the population "at
risk" in the n t n year of life is defined as being:
a) all those registered, regardless of their age at
registration, and still alive at the beginning of their
nth year of life (CASE TOTAL METHOD), b) those registered
prior to their nth year of life and still alive at the
beginning of that year (PRIOR REGISTERED CASE METHOD),
and c) as in (b), but also using a fraction of the
current year at risks for individuals who were as
handicapped during their nth year of life and who were
therefore at risk for only a part of that year (PRIOR
AND CURRENT REGISTERED CASE METHOD).

To test these three methods, it was advantageous
to further streamline the "Z-history" records into one
40-column record per individual. This work has been
completed, and computer programs have been prepared
which enable the calculation of age-specific death
rates to be carried out using each of the three altern-
ative methods.

4.6 AECL-UBC COLLABORATIVE RECORD LINKAGE PROJECT

Informal discussions took place in July at CRNL
with Dr. B.K. Trimble regarding the status of collab-
orative studies now being carried out by the Population
Kesearch Branch of CRNL and the Department of Medical
Genetics of the University of British Columbia.

The linkage of all 1946-70 birth and marriage
records into family groupings has now been completed
at UBC, the cost of the final computer runs being
$2500. The computer programs for the linkage of
1946-67 marriage parental cards into multi-generation
and cousin groupings are in preparation.
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4.7 PUBLICATIONS

Smith, M.E. - The use of computers for studying the
origins and social costs of ill health. Pp. 37-41
in MEDINFO 77: Proceedings of the Second World
Conference on Medical Informatics, D.B. Shires and
H. Wolf (Eds.), North-Holland Publ. Co., Amsterdam,
1977.
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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 Survey of the Arrangement of Polypyrimidine Segments in
the Genomes of Various Eukaryotic Cells

5.4 Repair of Double-Stranded Breaks in Micrococcus
radiodurans DNA

5.5 Ionizing Radiation Damage to Micrococcus radiodurans Cell
Wall

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

5.7 Direct Measurement of Recombinational Repair Exchanges
in Micrococcus radiodurans

5.8 Synergistic UV-Ionizing Radiation Interaction in
Schizosaccharomyces pombe is Due to a Recombinational
Repair Process

5.9 Laboratory Evidence for Abnormal Sensitivity to Ionizing
Radiation in Familial Acute Myelogenous Leukemia

GENETICS AND POPULATION STUDIES

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

5.11 Control Mechanisms in the Cellular Metabolism of Ustilago
maydis

5.12 A Genetic Assay Using Saccharomyces cerevisiae for Damage
Associated with Low Doses of Ionizing Radiation

5.13 Effect of Near UV (>300 nm) Radiation on Bacteriophage T4

5.14 Radiation-Induced Tumors in Rats

5.15 Assessment of Radiation Hazards to Human Populations
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5.16 Publications

5.17 Verbal Presentations

5.17.1 Presented Papers

5.17.2 Local Talks

5.18 Invited Speakers
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5.1 STAFF

Branch Head - D.K. Myers

Biochemistry of DNA and KNA
H.C. Bimboim

Radiation Biochemistry
D.K. Myers

Radiation Damage in Cell Walls
and Membranes

R.E.J. Mitchel

Enzymatic Repair of Radiation
Damage to DNA

N.E. Gentner

DNA Repair in Cultivated
Human Cells

M.C. Paterson

Assistants J.J. Jevcak
A.G. Knight

Assistant L.D. Johnson

Assistant K.M. Baird

Assistant M.M. Werner

Assistants B.P. Smith
P.A. Knight

Assistant R. Pilon

DNA Replication and Repair in Fungi
P. Unrau
F.K. Z immermann1

Bacteriophage T4 Genetics
J.D. Childs

Secretarial
C.I. Walters

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

Summer Students

Anne K. Anderson, University of Waterloo, working with
M.C. Paterson, terminated on 17 August, 1977.

Michael J. Ellison, University of Toronto, working with
J.D. Childs and R.E.J. Mitchel, terminated on 2 September, 1977.

Karen E. Munn, McMaster University, working with
N.E. Gentner, terminated on 28 July, 1977.

Jeannette L.M. Rainville, McMaster University, working with
P. Unrau, terminated on 26 August, 1977.

xProf. F.K. Zimmermann, a Visiting Scientist from Institut fur
Mikrobiologie, Federal Republic of Germany, terminated on
26 August, 1977.
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5.2 AIMS OF THE B'SANCH

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

BIOCHEMISTRY AND MOLECULAR BIOLOGY

5.3 SURVEY OF THE ARRANGEMENT OF POLYPYRIMIDINE SEGMENTS IN
THE GENOMES OF VARIOUS EUKARYOTIC CELLS - H.C. Birnboim,
J.J. Jevcak, and M.C. Paterson

We have shown earlier that polypyrimidine segments
can be found in DNA from many higher organisms. Segments
of this length (25-250 nucleotides) and amount (0.05-0.5%
of the total DNA) would not be expected to occur by chance.
In this study, we were interested in determining how these
segments are distributed in the genome since this may
provide us with some insight into their biological role.
The arrangement of polypyrimidine segments in the mouse
genome was examined in an earlier study. The technique
which we used involved denaturing and chemically modifying
the DNA, annealing it with poly(A,G) to form a complex
with polypyrimidine segments in the DNA, and then binding
the complexed DNA to hydroxyapatite. Single-stranded DNA
which contains polypyrimidines can be separated from DNA
which does not contain these segments. If DNA fragments
of differing length are examined, a relationship between
DNA length and per cent bound to hydroxyapatite can be
derived. From this relationship, inferences about the
arrangement of polypyrimidine segments in DNA can be made.
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Polypyrimidines in the mouse genome were shown to be
widely distributed throughout the majority of the DNA,
at intervals of about 12-15,000 nucleotides.

In the present study, human DNA and rabbit DNA were
analyzed by the same technique. The arrangement of
polypyrimidines in the genomes of these organisms is
surprisingly similar to those of the mouse. Control
experiments include the demonstration that bacterial
DNA does not give this pattern. We are examining DNA
from other organisms to see if the pattern is a general
one. If so, this study could further implicate polypyrimidines
in some fundamental cellular mechanism (as yet unidentified)
for which the spacing of polypyrimidines is important.

5.4 REPAIR OF DOUBLE-STRANDED BREAKS IN MICROCOCCUS
RADIODURANS DNA - D.K. Myers and L.D. Johnson

Nothing to report.

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

We have been examining the mechanism by which ionizing
radiation induces the release of various proteins and
polysaccharides from the cell wall of M. radiodurans. It
was shown that the release is selectively initiated by
hydroxyl radicals («OH) and that the membrane-like mid-wall
layer is the site of origin of the released components.
We have also shown that oxygen exerts an unusual protective
effect (oxygen enhancement ratio 0.4). The oxygen effect
provided evidence that one or more secondary radicals
are involved. Added sulfhydryl compounds also protect the
cell wall, acting by a radical repair mechanism. Oxygen
was shown to competitively inhibit this repair, providing
evidence that both substances are operating at the same
secondary radical site. The finding that the initial *OH
damage proceeds through at least one intermediate prior
to disruption of the sensitive site raises the question
as to the potential number of initial damage sites relative
to the number of final sensitive sites from which the wall
components are actually released.

This question was answered by a split dose experiment
in which cells are given an initial y dose in O2/ followed
by an identical dose in N2. The total amount of material
released was then compared with the amount released by
irradiation solely under N2. This experiment showed that
removal of initial damage sites by complexing with oxygen
did not reduce the amount of wall material released by the
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second anoxie dose. Apparently there are many initial
damage sites relative to releasable components, i.e.,
each wall component molecule can be released by free
radicals propogated to it by a number of different paths.

Attempts to further clarify the release mechanism
are in progress.

5.6 RADIATION PROTECTION OF MICROCOCCUS RADIODURANS BY PRE-
INDUCTION OF RECOMBINATIONAL REPAIR - N.E. Gentner

Exposure of M. radiodurans wild-type cells to a low
"priming" y-ray dose, followed by incubation in growth
medium, results in a substantial increase in subsequent
y-ray resistance. The initial exposure-plus-incubation
regime probably causes induction of functional recombinational
repair (RR) capability; we had shown that post-irradiation
protein synthesis was required for activity of this path-
way, and development of protection was not observed in
pre-y-irradiated cells incubated under conditions where
such synthesis would not occur (non-nutritive medium,
presence of chloramphenicol, 0 c). Furthermore, the
increased resistance or protection exhibited properties
consistent with pre-induced RR capability: in such cells,
repair and recovery were not prevented by the protein
synthesis inhibitor chloramphenicol and could proceed even
in non-nutritive medium.

Caffeine has been considered to be an inhibitor of
RR activity, but an alternative is that it may
inhibit the induction process. This protection system
now allows us to examine whether caffeine has any effect
on induction.

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

The great contribution to ionizing radiation resistance
made by prereplicative recombinational repair (PRR) processes
has prompted us to investigate development of a biophysical
assay for such exchanges (which have so far been inferred
from genetic evidence only).

The first approach involved isopyenic sedimentation
of DNA isolated at various times after incubation of
y-irradiated M. radiodurans cells whose DNA originally
contained a unifilarly-substituted "heavy" base analog
(5-bromouracil): PRR was expected to yield a small
amount of both "heavy-heavy" and "light-light" duplex
DNA. Such density shifts can be detected, and presumably
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reflect PRR since they are not seen under the following
incubation conditions which are known to prevent functional
PRR: non-nutritive medium, plus chloramphenicol, plus
caffeine.

A second approach is under development, and should
allow greater sensitivity. The isopycnic method requires
a substantial exchange, so that the recombinant
region occupies a significant fraction of the length of
the duplex piece examined; in addition, only a small
percentage of the short duplex molecule population will
have been involved in such exchanges, so the observed
density shifts are small. This new method examines
additional 313 nm-induced double-strand breaks after
recombination in cells containing unifilarly bromouracil-
substituted DNA.

5.8 SYNERGISTIC UV-IONIZING RADIATION INTERACTION IN
SCKIZOSACCHAROMYCES POMBE IS DUE TO A RECOMBINATIONAL
REPAIR PROCESS - N.E. Gentner

A synergistic effect on inactivation of wild-type
S_. pombe is seen on combined UV-y-ray exposure (that is,
the survival on combined exposure is considerably less,
by about 100-fold, than the product of the survival values
for the individual exposures). This synergistic inter-
action can now be attributed to a prereplicative
recombinational repair (PRR) pathway wnich repairs both
UV- and y-induced damage; presumably the two types of
radiation-induced lesions compete for a limited PRR
capability. The most relevant evidence is (1) the
radl mutant defective in this pathway does not show
synergistic interaction between the two radiations,
(2) nor does the wild-type strain in the presence of
the PRR inhibitor caffeine.

It follows that only the more UV- and y-resistant,
and more repair-proficient, G2 phase cells are susceptible
to UV-y-ray synergism. The more sensitive Gl phase cells,
although genotypically rec , would be immune from further
inactivation (synergism) since they do not possess the
two DNA copies necessary for repair via this pathway;
hence the sensitive cell type is not at added risk on
combined exposure.

5.9 LABORATORY EVIDENCE FOR ABNORMAL SENSITIVITY TO IONIZING
RADIATIOr IN FAMILIAL ACUTE MYELOGENOUS LEUKEMIA -
M.C. Paterson, A.K. Anderson, B.P. Smith, and P.A. Knight

A long-range goal of the human radiobiology program
is the identification of persons abnormally sensitive to
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ionizing radiation. The prototype disease is ataxia
telangiectasia (AT), a rare hereditary disorder whose
critical hallmarks include abnormal sensitivity to routine
radiation therapy, immunology deficiency and predisposition
to cancer. Laboratory studies indicate that radiation
sensitivity is also manifest at the cellular level, e.g.,
cells cultured from AT patients exhibit a reduced ability
to form colonies after radiation treatment compared to
cells from clinically normal individuals. The association
of radiation sensitivity with cancer proneness and immuno-
deficiency in AT has prompted us to determine whether
members of certain families which exhibit clusters of
cancer and immunological abnormalities also respond
abnormally to irradiation.

A family with six cases of acute myelogenous leukemia
(AML) and two cases of reticuloendothelial malignancy
were chosen for a pilot study. In addition to control
strains from two normal persons, strains from six family
members were studied: those from both parents, two
normal sons, and two daughters afflicted with AML.
(Strains from the AML family were kindly provided by
Drs. R.W. Miller and E.A. McKeen, Clinical Epidemiology
Branch, NCI, Bethesda, Md.) The strains were exposed
to 60Co y-rays under anoxia (in a N2 atmosphere) and
assessed according to two criteria: (1) colony forming
ability, a biological end-point, and (2) capacity to
carry out y-induced repair replication, a measure of the
ability to repair damage to DNA and thus a molecular
end-point. Whereas all six strains performed y-induced
repair replication to an extent comparable to that of the
normal strains, the strains from the two afflicted daughters
appeared slightly sensitive in their ability to form
colonies after irradiation. It seems unlikely, however,
that such a slight degree of sensitivity to ionizing
radiation can be the sole causal factor in the propensity
to develop AML in this family.

GENETICS AND POPULATION STUDIES

5.10 SENSITIVITY TO UV IRRADIATION OF TEMPERATURE-SENSITIVE
MUTANTS OF USTILAGO MAYDIS BLOCKED IN DNA SYNTHESIS -
P. Unrau, C E . Grant, and J. Rainville

In genetic studies of the mutant ts-20, twenty isolates
were obtained after meiosis. It was noticed that the
y-sensitivity of these isolates varied, and three types of
segregants were found: "resistant" (somewhat more sensitive
than wild-type, but still temperature-sensitive), intermediate
(a class which included the original mutant strain), and
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sensitive (strains which showed no repair-proficient
shoulder on the survival curve). These three classes have
been further characterized for Y-sensitivity and the
classification seems to be correct. In initial experiments,
no mitotic recombination could be detected at the narl
locus, even in heterozygous diploids which only had one
defective t£3-20 gene. It is possible, therefore, that the
original mutant was either a double mutant of two unlinked
genes which affected and made temperature-sensitive the
same cellular process, or that a modifying mutant arose on
sub-culturing the initial mutation, to improve the survival
prospects of double mutants relative to the initial single
mutant. Crosses are under way to obtain heterozygous diploids
of sensitive, intermediate, and "resistant" strains crossed
to wild-type testers, to see if recombination deficiency is
a characteristic of all ts-20 meiotic products. Back-
mutation studies are also being performed to see if the
temperature sensitive gene-products are involved in the
mutation process.

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

It was found that the amount of glycoprotein present
in Ustilago cells which binds to DNA and makes it soluble
in dilute acid increased 100-fold when stationary-phase
cells were diluted into fresh complete medium. As the
cells returned to stationary phase the amount of activity
per cell dropped to the initial amount. This result
implicates the glycoprotein in metabolic processes in
general, though the precise function has not yet been
determined.

5.12 A GENETIC ASSAY USING SACCHAROMYCES CEREVISIAE FOR DAMAGE
ASSOCIATED WITH LOW DOSES OF IONIZING RADIATION - P. Unrau
and F.K. Zimmermann

Using yeast strains developed by F.K. Zimmermann, we
initiated a program to study the genetic effects of low
doses of Y-rays, X-rays and neutrons. In appropriately
marked strains it proved possible to detect the effects
of ionizing radiations at doses as low as 10 rads (0.1 Gy).
Four possible genetic end-points were examined. Experiments
to detect chromosomal non-disjunction were unfruitful.
Back mutation at a cluster of genes involving isoleucine
metabolism was not very sensitive, though statistically
significant variations occurred above 100 rads (1 Gy).
Mitotic crossing-over, which leads to the segregation of
previously recessive heterozygous markers, could be detected
at doses around 400 rads (4 Gy), though the plating required
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for statistical validation precluded further experiments
to measure this end-point. The assay for gene-conversion
at the tryp 5 locus proved most sensitive. In this assay,
two independent mutations for tryptophane requirement
located in otherwise identical genes are introduced into
the same diploid. If one of the mutations is converted
to wild-type by a recombination mechanism, the resulting
cell will grow on medium lacking tryptophane, whereas
the parental double mutant diploid will not. This
conversion of genetic material from two mutant genes into
a wild-type gene is very sensitive as the large majority
of plated cells will not grow, but any concertants will
form colonies. From other studies, recombination is known
to be the major mechanism for the generation of such
convertants. In a sequence of experiments it was found
that gene-conversion frequencies increased at doses of
neutrons, X-rays, and yrays of about 10 rads (0.1 Gy) ,
while statistically significant increases were observed
(1% confidence level) at 20 to 25 rads (0.2 to 0.25 Gy).
No significant variations were observed between the various
radiation types, but the degree of oxygénation of the
irradiated cells was not determined. Experiments in
conjunction with L.D. Johnson suggest that the cells were
anaerobic, and a new series of experiments irradiating in
the presence of O2 or N2 are planned.

It seems that the gene-conversion end-point is the
assay of choice for genetic damage at low radiation doses.
This assay system has already been used (F.K. Zimmermann)
for the detection of environmental carcinogens and the link
of carcinogenic activity to a genetic end-point other than
mutations may prove very valuable. A prolonged collaboration
with F.K. Zimmermann, taking advantage of the large
collection of radiation sensitive yeast mutants, to classify
the types of genetic damage induced and its processing by
the cellular repair mechanisms has been established. Further
reports on this collaboration will appear at irregular
intervals.

The interest and active support of the Biology Branch
in these experiments is gratefully acknowledged, as well
as the provision of neutrons by the Health Physics Branch.

5.13 EFFECT OF NEAR UV (>300 nm) RADIATION ON BACTERIOPHAGE T4 -
J.D. Childs, R.E.J. Mitchel, R. Pilon, and M.J. Ellison

We have previously obtained evidence that a photoproduct,
which for convenience we called photoproduct X, is formed
in the DNA of bacteriophage T4 when irradiated with long
wavelength UV (>300 nm) but not by short wavelength UV
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(254 nm). We have now started to investigate the chemical
nature of this photoproduct. The basic procedure we
have adopted is to radioactively label T4, irradiate the
labelled T4 phage or T4 DNA, digest the DNA and then
separate the DNA bases from their photoproducts by paper
chromatography. As previous work has indicated that X
is a photoproduct of 5 hydroxymethylcytosine, we grew T4
in a medium containing C cytosine, which labels both
hydroxymethylcytosine and thymine of T4. We have used
two methods to digest the DNA. The first is acid
hydrolysis at high temperature and the second is enzyme
digestion. The acid hydrolysis method has the advantages
that it is relatively simple and it has been used extensively.
Using this method, we could completely digest T4 DNA and
then obtain good separations on paper chromatograms between
thymine, hydroxymethylcytosine, thymine dimers and at least
one other photoproduct. The main disadvantage of the
method is that some photoproducts could be lost during the
treatment. The enzyme digestion method is technically
more difficult but, as photoproduct X was initially
detected by an in vitro enzymatic assay, it is less likely
that it would be destroyed by an enzyme digestion, than
by acid hydrolysis. We have been able to carry out an
enzyme digestion of non-irradiated T4 DNA and then separate
thymine from hydroxymethylcytosine by paper chromatography.
However, we have found that digestion of irradiated T4 DNA
leaves pyrimidine dimers and other photoproducts in small
fragments of undigested DNA. Another enzyme treatment
will be necessary to release the photoproducts from these
fragments.

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

Data are being accumulated on the development of
breast cancers and skin tumors in rats that were exposed
to radiation plus various chemical agents in November 1976
and January 1977. Preliminary data indicate that caffeine,
a DNA repair inhibitor, will not increase the number of
breast cancers induced by gamma-radiation; this result is
in agreement with the theoretical concepts proposed earlier.
Other preliminary data indicate that the number of breast
cancers induced by radiation plus two doses of urethane
will be approximately equal to the sum of the effects of
radiation alone and of urethane alone. Thus the results
obtained in this particular system support the conventional
estimates of absolute risk that are based on observed
numbers of cancers in irradiated human populations, rather
than the higher estimates of relative risk that are based
on the notion of a constant doubling dose for radiation-
induced cancers regardless of the initial incidence of
cancers in the unirradiated population.
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5.15 ASSESSMENT OF RADIATION HAZARDS TO HUMAN POPULATIONS -
D.K. Myers

Data are being collected from the literature on the
concentrations of benzpyrene and other carcinogenic agents
in the normal atmosphere of industrialized areas and the
numbers of lung cancers that are thought to be due to
inhalation of these agents. The literature on toxicology
of hydrogen sulfide was reviewed.
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5.17 VERBAL PRESENTATIONS

5.17.1 Presented Papers

Childs, J.D. - Non-photoreactivable endonuclease V-sensitive
sites induced in the DNA of bacteriophage T4 by near
UV (320 nm) irradiation. Presented at the Genetical
Society Meeting, Cambridge, England, 5-7 July, 1977.

Childs, J.D. - Novel endonuclease V-sensitive sites induced
in the DNA of bacteriophage T4 by near UV (320 nm)
irradiation. Presented at poster session at the
Second International Conference on Environmental
Mutagens, Edinburgh, U.K., 11-15 July, 1977.

Mitchel, R.E.J. - Ionizing radiation damage and oxygen
protection in the cell wall of Micrococcus radiodurans.
Presented at the International Conference on Singlet
Oxygen and Related Species in Chemistry and Biology,
Pinawa, Manitoba, 21-26 August, 1977.

5.17.2 Local Talks

Birnboim, H.C. - DNA Sequencing. Presented to Biology
Branch, CRNL, 29 July, 19 77.

Childs, J.D. - Report on "Second International Conference
on Environmental Mutagens". Presented to Biology
Branch, CRNL, 22 August, 1977.

Mitchel, R.E.J. - Biological Aspects of the "International
Conference on Singlet Oxygen and Related Species in
Chemistry and Biology". Presented to Biology Branch,
CRNL, 7 September, 1977.

Mitchel, R.E.J. - Ionizing radiation damage in Micrococcus
radiodurans cell wall. Presented to Biology Branch,
CRNL, 23 September, 1977.

Myers, D.K. - Report on Oak Ridge Workshop on "Repair
Mechanisms and Exposure Standards". Presented to
Biology Branch, CRNL, 8 July, 1977.

Myers, D.K. - DNA repair. Presented to Ontario Education -
TV personnel at CRNL, 15 August, 1977.

Myers, D.K. - Biology and Population Research at CRNL.
Presented to R & D Program Committee meeting at
Ottawa, Ontario 17 August, 1977.

Myers, D.K. - Biological effects of radiation. Presented
at 19th Annual Health Physics Course, CRNL,
27 September, 1977.



- 70 -

Unrau, P. - Report on DNA replication meeting in Sicily.
Presented to Biology Branch, CRNL, 22 July, 1977.

Zimmermann, F.K. and P. Unrau - Information discussions
of mutations in yeast and plans for experiments.
Presented to Biology Branch, CRNL, 6 July, 1977.

Zimmermann, F.K. - Discussion on heterozygosity and its
implications for DNA repair. Presented to Biology
Branch, CRNL, 19 August, 1977.

5.18 INVITED SPEAKERS

Dr. Jean Cadet, Commissariat A L'Energie Atomique,
Centre D'Études Nucléaires De Grenoble, Grenoble,
France - "Radiation chemistry of DNA components in
aqueous solutions", 18 August, 1977.

Dr. Roger P. Smith, Chairman, Department of Pharmacology,
Dartmouth Medical School, Hanover, New Hampshire,
U.S.A. - "Toxicology of hydrogen sulfide (biochemical
and pharmacological data)", 31 August, 1977.
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