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BIOLOGY AND HEALTH PHYSICS DIVISION SUMMARY

A.M. MARKO

Health Physics

The Compendium of Criticality Accident Spectra which
has been compiled for publication by the IAEA*permits the
rapid estimation of neutron doses received from a critical
assembly by selecting the data for the most similar model ir
the Compendium. The accuracy of such an estimate has been
compared for a number of critical assemblies whose neutron
leakage spectra have been determined experimentally. For most
assemblies, doses can be found to within 25% using the
Compendium data and values of activity produced in S and In
targets in a dosimeter. In more complex assemblies addition
of activation data from Np or Rh targets in a dosimeter will
also provide results to within 25% of the true dose. Such
accuracy is adequate for the actions required following
criticality accidents.

Neutron spectrometry is being carried out using both
hydrogenous scintillators and hydrogen filled proportional
counters to obtain experimental verification of neutron spectra
for various model arrangements which were determined analyt-
ically for the Compendium of Criticality Accident Spectra.

The FINS neutron generator developed by the
Accelerator Physics Branch is being installed in its shielded
enclosure.

Measurements of iodine released during the rupture
of a reactor loop sample using the AEP-5217 iodine-in-air
monitor have been compared with results from 24-hour collec-
tions in charcoal capsules. In the monitor the activity is
detected as it is accumulated on a charcoal loaded filter
paper and simple spectral sorting (with a sodium iodide
scintillator) is used to suppress unwanted activities. The
activities detected were verified by subsequent counting of
the filter paper in a Ge(Li) spectrometer and found to be in
good agreement.

Measurements are in progress on the transfer of HTO
from air to liquid scintillator as a means of making estimates
of small concentrations of tritium-in-air. It has been found
possible to detect tritium (as HTO) in air to concentrations
as low as 3nCi«m-3 (100 Bq«m-'). The same technique applied
to tritium-in-water detection would allow detection at the
level of 0.1 yCi«nr3 (4 kBq-kg- 1).

•International Atomic Energy Agency
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As TLD*radiation dosemeters are used repeatedly
their sensitivity slowly changes depending upon previous
radiation history. Measurements made on 80 TLDS used as
reference standards which have been carried through 100 read-
ings after 1 R or zero exposures show a standard deviation of
about 13% (for 0.8 mm thick TLDS) and about 24% (for 0.25 mm
thick TLDS). If the responses are measured after individual
calibration of each dosimeter, the standard deviation of the
batches is reduced to about 3%.

Work is in progress to develop radon-in-air monitor-
ing apparatus to measure radon concentrations in the pCi/litre
range. An exposure chamber in which concentrations between
100-200 pCi/litre (3.7-7.4 Bq/1) can be maintained has been
built and the performance of various TLD materials with
exposure to alpha radiation is being determined using a
deposited alpha source (2ltlAm). The characteristics of a
passive radon detector (in which radon from the atmosphere
diffuses into a defined volume) are being determined.

Environmental Research

Experimental studies have begun at the Maskinonge
Lake facility en the mass culture of food chain organisms
in heated effluent. The culture of several species of micro-
scopic algae (phytoplankton) in temperature regulated tanks
is currently being attempted. Later experiments will include
organisms higher in the food chain.

Other work on aquatic food chains is being carried
out under research contract by a group from the Université du
Québec a Trois-Rivières under the direction of Dr. G. Vaillancourt.
Their research will be a laboratory study of the effect of
elevated water temperatures on the components of a typical
aquatic food chain of the St. Lawrence River. Observations
will be made on thermal tolerance, effects on growth and on
behavioural responses of the organisms to simulated
Gentilly II effluent conditions.

The large floating lysimeter at the experimental
field has been re-activated for a new series of experiments.
With such an instrument it is possible to measure directly,
in the field, water gains or losses in the vegetated layer
equivalent to only 0.05 mm of water equivalent with a reprod-
ucibility of better than 5%. These studies will be used to
test evapotranspiration models in water flow and flood
prediction simulation models. They are being conducted in
cooperation with the Atmospheric Environment Service and the
Inland Waters Directorate of the Department of Fisheries and
Environment.

*Thermoluminescent Dosimeter
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Ferro-coiumbium waste material from sites in Ottawa
is now being delivered, under arrangements with the Atomic
Energy Control Board, for permanent disposal at CRNL. These
wastes differ from Port Hope contaminated soil in that they
contain high levels of heavy metals in addition to low con-
centrations of thorium and radium. A research program has
been started to determine methods for permanent stabilization
of ferro-columbium wastes, including the establishment of
grasses and other vegetation on the waste material. This work
is being carried out at CRNL by Miss L. Tremblay- a graduate
student from École Polytechnique, Montreal.

A successful hydrogeological field school was held
3-9 May in cooperation with the Department of Earth Sciences,
University of Waterloo. A drilling crew demonstrated various
ground water and soil sampling techniques used at CRNL.
Demonstrations were given of the point dilution method for
determining ground water velocity, using both radioactive and
specific ion electrode techniques. The students were able to
actively participate in most of the field work.

This Branch is collaborating with the Frozen Sea
Research Group, Department of Fisheries and Environment, in a
study of the mixing of ice melt waters with sea water in the
d'lberville Fjord, Ellesmere Island. Snow melt water has a
distinctly lower deuterium and a higher tritium content than
sea water. The relative dilution of the fjord water by run-
off waters and melted sea ice can be estimated from the
deuterium:salinity relationship since melting sea ice reduces
the salinity without altering the deuterium content.

Population Research

The beta radiation doses most effective in producing
tumours in rat skin have been shown to differ depending on
whether the tumours remain benign or become cancerous; 1600
and 6400 »ads (16 and 64 Gy) produced maximum numbers of the
former and of the latter respectively. It is believed that
separate cell populations may be involved in the production
of the two sorts of tumour.

Follow-up studies of children with genetic diseases,
designed to quantify the magnitude of the social burden which
these represent, have shown that a) in the first year of
life, children with congenital malformations have a greater
risk of dying than do those with recessive conditions whereas
those with dominant diseases are the least at risk, b) over
the next four years of life it is the children with recessive
disorders who are at the greatest risk of dying, and c)
children with dominant and recessive conditions have similar
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rates of hospital admission and lengths of stay over the
first five years of life whereas children with congenital
malformations have slightly lower risks of admission and
shorter lengths of stay. All three categories of genetic
defect, of course, are associated with an increased risk of
death and with increased use of hospital beds, as compared
with other liveborn children.

Biology Branch

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 radi-
ation 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 sophisticated new technique for measuring recomb-
inational repair of radiation to DNA has been developed.
This involves selective isotopic labelling of each of the DNA
strands and subsequent identification of small regions in the
DNA molecule where material in the two strands has been
physically interchanged during the repair of radiation damage.
The occurrence of this process has now been proven in
irradiated bacterial cells. Other established techniques
have been utilized to show that both the survival and the
repair capacities of irradiated bacterial cells are improv>3d
after an initial pre-treatment of the cells with radiation and a
subsequent recovery period. In other words, cells which have
been pre-treated with sub-lethal doses of radiation and
allowed to recover are more resistant than normal to sub-
sequent exposures to radiation; this result is attributed to
an induction of the synthesis of enzymes involved in recomb-
inational repair as a result of the initial exposure to
radiation.

In our search for rare individuals in the human
population who might be more sensitive than average to
radiation, two additional inherited diseases associated with
an elevated incidence of tumours have been explored. Cells
from patients with these diseases ("neurofibromatosis" and
"tuberous sclerosis") were tested and were not abnormally
sensitive to ionizing radiation. Experiments on DNA repair
in cells from radiosensitive patients with "ataxia telang-
iectasia" are being continued.
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Oxygen has unusual effects on radiation damage to
the cell wall of Micrococcus radiodurans. In the absence of
sulphydryl compounds, oxygen protects against the selective
release of some proteins and polysaccharides from the cell
wall during irradiation. In the presence of increasing
amounts of sulphydryl compounds, oxygen becomes a sensitizing
rather than a protective agent.

Studies are continuing on the effects of radiation
in combination with chemicals for the induction of tumours
in rats. The animals are scored for tumours periodically but
the final data will not be available until 1978.

A brochure on "The Biological Hazards of Radiation
and Research in Radiation Biology at CRNL" is being prepared.
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2.1 STAFF

Branch Head

Secretary

G. Cowper

B. Lucas

W.G. Cross
H. Ing
B.J. Tymons (1)

A.R. Jones

R.V. Osborne

R.M. Holford

Personnel Monitoring

Draftsmen

Summer Students

Assistants P.J. Bunge
D.J. Robertson
B,'", Greiner

Assistants A.H. Ohno
W.F. Richter
P. Ruhe (2)

Assistants A.S. Coveart
N.W. Tepley

Assistant J.G. Plato

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

B.A. MacDonald (3)
J.M. Sneddon (3)

Joan Yaraskavitch, (McMaster University) working with
R.M. Rondeau and G. Cowper reported 2 May 1977.

Frank Vanderzwet, (University of Calgary) working with
H. Ing reported 2 May 1977.

Michael Davenport, (McMaster University) working with
G. Cowper reported 9 May 1977.

(1) Post-doctoral fellow terminated 15 April 1977
(2) Waterloo Student working with A.R. Jones terminated

29 April 1977
(3) On loan from the drawing offic
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2.2 FAST NEUTRON DOSIMETRY - W.G. Cross and H. Ing

2.2.1 Accuracy of Criticality Accident Neutron Doses Using
Calculated Spectra from Simple Assemblies - H. Ing
and W.G. Cross

The accuracy of neutron dose determinations using
the calculated spectra in the IAEA Compendium of
Criticality Accident Spectra (PR-B-112) has been
studied for assumed exposures from many assemblies
having "known" neutron spectra. The assemblies
include unshielded and shielded metallic and aqueous
systems ranging from simple critical masses to sophis-
ticated fast reactors.

For a dose of 1 rad (10 mGy), readings of
dosimeters using the following reactions: *°3Rh(n,n')l°3mRh,
^ I n ^ n 1 ) 1 1 5 ! ^ , 32S(n,p)32P and 237Np(n,f) were cal-
culated using the "known" spectrum of the assemblies.
Then, these readings were used in conjunction with
appropriate spectra from the Compendium to derive an
estimate of the dose. The deviation of the estimated
dose from the "true" dose was determined.

For most assemblies studied, a dosimeter containing
In and S detectors is capable of providing dose estimates
within the ±25% accuracy recommended by an IAEA panel**•'.
The exceptions are complex assemblies containing several
materials and those in which the high energy part of
the spectrum is strongly attenuated. In these cases,
the addition of either NP or a Rh detector to the dosi-
meter yields estimates to the required accuracy.

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

The unfolded spectrum from 14-MeV neutrons on
NE-213 scintillator using the FERDOR code showed fluc-
tuations in the energy range below 6 MeV (PR-B-113).
These fluctuations had been attributed to the response
matrix which was poorly-matched to the observed response
of our scintillator.

An improved response matrix has been obtained.
This was generated(2> by interpolating the measured
responses of Verbinski et al(31.

(1) "Nuclear Accident Dosimetry Systems" (IAEA,
Vienna, 1970) p. 181

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

(3) V.V. Verbinski, W.R. Burrus, T.A. Love, W. Zobel
and N.W. Hill, Nucl. Instrum. Meth. 6£ (1968) p. 8
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Measured distributions for 14-MeV neutrons,
2.6-Me.V neutrons, a Pu-Be source and 14-MeV neutrons
through 2 3 8U were unfolded using the new response
matrix. Results for monoenergetic neutrons showed
clean, symmetric peaks at proper energies with no
oscillations in the lower energy region. Above 1.5
MeV, the unfolded Pu-Be spectrum is in good agree-
ment with published datât1' and the 238U-filtered
spectrum agrees roughly with that calculated (PR-B-
113). However, the region below 1.5 MeV is still
unreliable. To extend measurement capability down
to 0.5 MeV, further studies are required on the effect
of the n/y pulse shape discriminator on the loss of
"neutron counts" and the "feed-through" of gamma
signals.

2.2.3 Neutron Spectrometry with Proportional Counters -
H. Ing, B.J. Tymons and P.J. Bunge

Present measurements of neutrons from 50 keV to
4.5 MeV using four proportional counters (PR-B-112)
require four consecutive runs under reproducible
experimental conditions. Because of low counting
rates associated with most measurements for radiation
protection and also in the calibration method (PR-B-
113), such experiments are tedious and time-consuming.

An electronic unit has been built to enable the
counters to be operated simultaneously. The unit
contains 4 high voltage outputs to power the counters,
4 amplifiers to handle the signals from the counters
and a router to direct the amplified signals to differ-
ent quadrants of the analyzer memory. The unit
occupies 3 standard NIMl2) widths.

Modifications are being made to the SPEC 4
unfolding code to process the data from the analyzer
in a single run. The analysis will begin with the
counter covering the highest energy range. This
unfolded spectrum is then used as part of the input
data for the counter covering the neighbouring lower-
energy range and so on until the data from all 4
counters are processed. A single plot of the spectrum
from 50 keV to 4.5 MeV will be produced.

2.2.4 Nuclear Data Requirements for Radiotherapy with
Neutrons - W,G. Cross

Clinical trials of neutron therapy are now being

(1) H. Kluge, K. Weise and H.W. Ziel, IAEA-SM-167/7
(1972) p. 13

(2) Nuclear Instrument Modules
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made and planned at neutron energies up to 70 MeV or
more at several radiotherapy centres. Various nuclear
data are needed for the design of new accelerators and
for understanding interactions of high energy neutrons
with tissue and with detectors. A survey has been
made of these data requirements and of the extent to
which they are satisfied by existing data.

Among data for neutron source reactions (deuterons
and protons on Li, Be and D targets) the greatest need
is for further measurements of neutron spectra, parti-
cularly for proton-induced reactions. The latter have
the advantage, as compared with deuteron reactions,
that a given mean neutron energy can be obtained from
a smaller cyclotron. However, spectra from Li-p and
Be-p reactions contain a strong component below 5 MeV
that is disadvantageous for therapy. It is important
to learn how the intensity of this component varies
with proton energy and target thickness. Present data
on total neutron yields from these reactions appear to
be adequate.

. The major need among neutron interaction data is
for spectra of charged particles emitted from O and
C, following interactions with neutrons of energies
from 8 to 70 MeV. These data are required for con-
verting fluence to tissue dose, for calculating
relative biological damage and for interpreting
detector and spectrometer readings. Energy and angular
distributions of neutrons scattered inelastically from
0, C and Pe are required for transport calculations,
but calculated cross sections, supplemented by a few
measurements, may be adequate. Cross sections of
threshold reactions, up to 50 MeV, are required for
spectral measurements.

2.2.5 FINS Accelerator Facility - W.G. Cross and H. Ing in
collaboration with 0. Hepburn, Accelerator Physics
Branch

The FINS accelerator , which will provide an
intense source of 14-MeV neutrons, has been moved from
building 610 and is being installed in building 513 by
the Accelerator Physics Branch. Assembly of the power
supply and accelerator structure is completed and leak-
testing is in progress. Design of the radiation safety
circuits is complete.

(1) J.H. Ormrod. J.D. Hepburn and P.R. Gregory,
Atomic Energy of Canada Limited, Unpublished
Internal Report, CRNL-1135, 1974.
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2.3 THERMOLUMINESCENCE DOSIMETRY - A.R. Jones

2.3.1 Automatic TLD Readers

The prototype Auatomic TLD Reader has been rebuilt
to conform to the final design. It has been tested and
placed in service to provide a 'back-up1 to the other
reader and to permit reading of TLDs, for a variety of
pusposes, while the personnel TLDs are being read.

Updating of an Ontario Hydro TLD Reader is
proceeding. This unit was one of the first batch of
four readers built to the original design (AEP-5256)
and it is being modified to conform to the later
version (AEP-5256A). The electronic modifications
have been done and the reader tested. Mechanical
changes in the proximity switch remain to be done.

Further changes required in the maintenance and
operation manual are being made.

2.3.2 Sensitivity Uniformity in TLDs used for Personnel
Monxtorxng

A review of the uniformity in sensitivity of the
stock of personnel TLDs at CRNL has begun since the
TLDs, used for personnel monitoring, have been in use
for more than half their design life (100 reading
cycles). The TLDs used as calibration standards,
which are either exposed to 1 R or are shielded have
exceeded their design life.

To begin with, 80 TLDs used as standards have
been uniformly exposed to 1 R and read twice in one
reader and once in the other. Before and after each
reading cycle a light source reading was obtained. The
results shows that the TLD reading * light source
reading was not sufficiently reproducible from one
reading cycle to another to permit the light source
to be used as a standard. (However the light source
reading was stable during a reading cycle and could
be used to quickly detect any change in photomultiplier
gain, optical transmission or in analog to digital
conversion.)

The main purpose of the preliminary tests on the
standard TLDs was to determine how variable in sensi-
tivity they are and if the individual variation is con-
stant from one reading cycle to another and from one
reader to another. These questions are answered by
the data summarized in thr table below.
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% Standard Deviation in Sensitivity of Standard TLDs

Thick TLDs

Thin TLDs

Prototype Reader

Cycle #1
uncalibrated

13.6

23.8

Cycle #2
uncalibrated calibrated

13.1

23.6

2.2

2.8

Engineered Reader

uncalibrated calibrated

14.6

23.5

2.9

4.0

The data show that considerable variation exists
in the sensitivities of the TLDs, particularly of the
thin ones. However if the readings obtained in the
first cycle are used to obtain calibration factors for
correcting the readings in the other cycles most of the
variations disappear. The variations are related
mainly to the TLDs themselves and are independent of
reader and reading cycle.

For the measurement of the sensitivities of the
personnel dosimeters, now in progress, four of the
standard TLDs are included in each magazine to allow
the measurement of the relative sensitivity of each
worker's TLDs.

Reductions in the variation of sensitivity in TLDs
which have been used repeatedly may be accomplished
either by rejecting those TLDs which now lie outside
chosen limits or by individually calibrating each TLD.
The data above indicate that calibration gives a sub-
stantial reduction in the standard deviation of a
batch. Therefore with this possible action in mind
calibration data are being stored on punched paper tape.

2.3.3 Environmental Monitoring using TLDs

During the first quarter, environmental gamma
exposures at CRNL and CP were measured using plaque
mounted sensitized TLDs, individually calibrated. Pre-
paration has begun to supply a similar but larger
service to B.C. Hydro. Since the sites in British
Columbia will be widely distributed geographically and
at various altitudes it will be necessary to provide
shielded controls at most sites. A lead shield, 50 mm
thick is being designed to accomodate the controls.
Only one thick TLD will be used on each plaque and the
reader will be modified to ignore the apparently
missing thin TLD.

Environmental Y~measurements are made in terms of
exposure bat the International Commission on Radio-
logical Protection recommendations for populations
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refer to dose equivalents. The relationship between
the two quantities depends upon the y-*"ay energy and
direction as well as upon the dimensions of the per-
son being irradiated and the organ considered. The
ratio of the dose equivalent •=• exposure is being
measured for two cases. In the first, downwind from
the reactor stack at CRNL, most of the exposure is due
to lflAr yradiation. This location has been chosen
because the average exposure rate is fairly high
(̂  40 pR/h) and because the ratio can be compared with
a theoretical treatment of exposure from semi-infinite
clouds of gamma emittersd'. For this measurement,
sensitized TLD chips in sets of four have been inserted
into selected organ sites in a man-like phantom. LiF
TLDs have been chosen because of their low energy
dependence which is needed because the environmental
•y-rays are degraded in energy by scattering in the
phantom. Sensitized TLDs are needed for better pre-
cision at the low exposures involved (̂  30 inR after a
one month exposure). The exposure is measured using
similar TLDs mounted around the phantom 2 m away (to
reduce the perturbation of the photon field due to
scattering by the phantom). It will be necessary to
measure the activity in the phantom since it will
irradiate dosimeters at the organ locations. This
measurement will be of greater importance in the second
case to be studied where the phantom will be located
in an area where only natural radioactivity will con-
tribute to the exposure.

Environmental TLD packages, of the type now in
use and proposed for monitoring in British Columbia,
have been sent to Oak Ridge National Laboratory for an
international intercomparison. The dosimeters will be
given a known exposure under both laboratory and field
conditions. The field dosimeter badges will be exposed
without additional protective covering.

2.4 SAFEGUARDS INSTRUMENTATION - A.R. Jones

Further measurements made at Douglas Point failed
to demonstrate the feasibility of detecting a dummy
bundle (i.e., one with relatively little activity due
to low irradiation or long decay) in the presence of
active fuel bundles at least in the existing storage
trays. This failure is attributed to the difficulty
of properly aligning detector and fuel and to the

(1) R.H. Clarke, The Relationship Between Doses to
Human Body Organs and Exposure in a Cloud of
Gamma Emitting Nuclides, Berkeley Nuclear Labora-
Tories Report RD/B/N3862, 1976.
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close and irregular packing of the bundles.

To overcome these problems both for the Douglas
Point and for the 600 MW reactor storage bays, an
alternative arrangement has been proposed. The fuel
bundles, regularly arrayed in trays, would be placed
in turn over an array of collimated detectors looking
at the bundles at right angles to the bundle axis.
Such an arrangement would have the following advan-
tages:

- no limits on the collimator size would apply
because of shortage of space between stacks
of trays or from considerations of manoevera-
bility (the collimators would be stationary).
Consequently the detectors could be more effec-
tively shielded against neighbouring bundles.

- dummy bundles fabricated with radioactive ends
could be detected.

- no interference in the design of the final
stacking arrangements would occur.

- the trays would be easier to place in position
than a detector array.

The design of such a prototype detector array has
begun to permit testing of feasibility.

2.5 RADIATION DETECTORS - A.R. Jones

Tests on circuits to extend the dynamic range of
GM counters continue. To test the first approach
(PR-B-113) a prototype survey meter, using a type 18509
counter, has been built. The lower three decades of
exposure rate from 1 mR/h - 1 R/h are measured with a
conventional logarithmic count rate circuit. The
upper two decades from 1 to 100 R/h are measured with
a combination of linear and logarithmic counting rate
circuits which provide a quasi-logarithmic two-decade
scale. The prototype instrument has the advantages
that it could be built very cheaply and small. Its
power consumption is low and runs from a transistor
radio battery for 200 hours. Its main drawbacks are
that an analog meter must be used and integration of
the GM counter pulses is not feasible at the upper
part of the range because of counting losses.

The same counter was tested in a circuit designed
to correct for counting losses. The circuit generated
an extra pulse whenever the GM counter produced two
pulses within a period equal to twice the dead time (26 us
in this circuit). The extra pulses so generated were
added to those from the GM counter. The exposure rate
at which 10% counting losses occurred was by this
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means increased from 4 to 28 R/h which agrees with
..> . theory. With this circuit/ the plateau slope was

6%/100 V between 500 and 600 V. The temperature
dependence of the GM counter sensitivity, in the test
circuit, was found to be less than 5% over the range
-20 to +50°C at high or low counting rates. The same
circuit was tested with a different type of GM counter
with shorter dead time and different sensitivity and
similar results were obtained. Although the maximum
exposure rate obtainable is not quite so high as in
the first approach a pulse output is obtainable which
can be integrated or applied to analog or digital
count rate meters.

A third approach being studied is the use of
electronic quenching which permits GM counter operation
with much smaller anode resistors (which affect dead-
time) . A second reason for studying electronic quench-
ing is that it may permit the use of large area, thin-
window counters, with a life not limited by total
counts. (Existing large area, thin-window counters
use a helium-organic vapour filling and it is necessary
to turn off the counter voltage between monitoring
operations.) Thus it would be possible to use such
counters, in hand and shoe or laundry monitors, without
lead shielding because then background count rates
could be measured between monitoring operations- A
limitation of electronic quenching is the large current
drawn from the high voltage supply at high count rates
and its application is therefore limited to line powered
equipment.

2.6 RADIATION MONITORING INSTRUMENTS - A.R. Jones

2.6.1 Low Level y Dose Rate Meter AEP-5301
r

Initial drawing work is complete and the construc-
tion of an engineering prototype has begun.

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

Two monitors, AEP-5293, have been installed on
the air effluents from the "Mo production facility
and the X2 experimental loop in the NRX reactor.
Commissioning is continuing.
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2.8 TRITIUM MONITORING - R.V. Osborne, A.S. Coveart and
N.W. Tepley

2.8.1 Effluent Monitor AEP-5301

In the development of a method of sampling
tritiated water vapour (HTO) from air with liquid
scintillator, measurements are continuing of the
efficacy of transfer of HTO from air to liquid scin-
tillator. Various designs of contacting device are
being used with various scintillators. The important
variables in the transfer are the ratio of air flow
rate (Fa) to scintillator flow rate (Fs) and the distri-
bution of water between air and scintillator that is
attained in the contacting device. The equilibrium
distribution of water between the phases is determined
by the design of the contacting device. We have demon-
strated so far that a value of 2 x 10* is attainable
for the product of (Fa/Fs) and the ratio of HTO in
scintillator leaving the contactor to that entering in
the air. The higher the value of this product, the
greater the sensitivity of the method. With a 400 mm3

detector cell a concentration of HTO in air of
^ 100 Bq«m~3 ("* 3 nCi-m"3) is therefore detectable.
Applied to water monitoring (as outlined in PR-B-113)
a concentration of HTO in water of ^ 4 kBq'kg"1

(̂  0.1 yCi'm-3) is detectable. These values are
similar to those predicted theoretically for the method.

2.8.2 Air Monitor AEP-5270

The specified performance of the reassembled
prototype (see PR-B-108, PR-B-113) has been verified
with tritiated water vapour, '''Ar, and gamma radiation.
At least 95% cancellation of the signals from argon and
from gamma radiation has been confirmed.

2.9 DETECTION OF 131I IN AIR - R.M. Holford

The prototype Iodine-in-air monitor AEP-5217 has
continued to operate in the NRX reactor building moni-
toring the air in the main exhaust duct to the stack.
From a knowledge of the flow-rate in this duct, 467
mVmin, a direct conversion can be made between the
count-rate recorded by the monitor and the activity
released from the stack. Under present conditions an
increase of 1 count/s in the output reading of the
monitor represents a release of approximately 0.03 mCi
(lmBq) of *31i to the stack. Since the monitor is set
to change the filter medium once a day (at 0900 h) à
direct comparison is possible with the results of
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24-hour samples taken at the base of the stack.
Agreement between the estimates of the daily stack
release is not perfect, but within a factor of 2.
AEP-5217 tends to give the higher estimates. This
may be due to the influence of short-lived radio-
iodines, or to errors in taking the 24-hour samples.
One period which has been analyzed in some detail is
the time of the X-4 loop rupture on May 20/21, 1977.
AEP-5217 was apparently one of the first instruments
to indicate the existence of a problem, and an analysis
of the recorder chart from it gives a fairly complete
history of the event. In this case the pieces of
filter paper were recovered from the monitor and
re-counted in a Ge(Li) spectrometer. The 131i activi-
ties found were in excellent agreement with those
previously estimated from the chart record and the
release estimates were about SO*1 greater than those
obtained from 24-hour samples collected in charcoal
cartridges suggesting that the difference is probably
due to deficiencies in the 24-hour sampling.

2.10 MICROSCOPIC FLYING SPOT SCANNER - R.M. Holford

The instabilities previously noted in this
instrument were found to be caused mainly by a poor
digital-to-analog converter in the vertical deflection
circuit. An alternative circuit, producing a saw-
tooth deflection wave-form by use of an active filter
circuit, showed a slightly improved performance. A
new digital-to-analog converter of better quality is
being obtained for testing in the original circuit.

2.11 RADON MONITORING - G. Cowper

Apparatus for the detection of radon
concentrations in air at the level of a few picocuries
per litre is under development. Radon is allowed to
diffuse through a porous foam in to an enclosure which
has wire mesh walls. Daughter products formed within
the enclosure and having a positive electric charge
are collected on a small diameter thin aluminum foil
behind which there is mounted a thermoluminescent
dosimeter chip which accumulates a dose from the
daughter product alpha radiation from RaA and RaC!

An enclosure of about 1.8 m3 volume has been
built in which a test atmosphere of. Rn-in-air can be
maintained either by flowing through air which has
passed once through a solution containing 50 pg Ra or
by recirculating air through a solution containing
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200 ng Ra. Radon concentrations are standardized
against measurements made in a radon counter which has
been calibrated from a 2 ng radium source.

Characteristics of various TLDs to alpha particle
exposure are being determined using a 21tlAm source
held in good geometry under vacuum. Materials tested
are LiF, CaF2(Mn) and CaF2(Dy) in 3 mm square pieces
of different thicknesses.

The radon test enclosure will also be used for
the calibration of two-filter radon monitors built
according to the designs developed by the Health £
Safety Laboratory (USERDA).

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

2.12.1 Body Radiation Doses

In the fourteen week period ending 3 June 1977
and in the calendar year to this date there were the
following distributions of radiation exposure.
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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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

89
2319
111
17
5
2

Total
Dose

Man-rem

0
171.38
78.33
19.31
8.40
4.04

111 mrem

115 mrem

Calendar Year

No. of
monitored
persons

85
2181
183
65
19
5
3
2

192

199

Total
Dose

Man-rem

0
213.83
134.20
80.77
33.32
11.78
8.18
6.31

mrem

mrem

Penetrating Radiation Dose - CP

Dose Range

rems

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen

No. of
monitored
persons

19
229
5

t Weeks

Total
Dose

Man-rem

0
13.86
3.67

69 mrem

74 mrem

Calendar Year

No. of
monitored
persons

18
221
13
1

Total
Dose

Man-rem

0
17.85
9.46
1.04

112 mrem

121 mrem
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Penetrating Radiation Dose - PP

Dose Range
rems

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

163
29
6
4
2

Total
Dose

Man-rem

0
3.93
4.08
4.70
3.70

80 mrem

400 rarem

Calendar Year

No. of
monitored
persons

158
32
8
4
2

Total
Dose

Man-rem

0
4.09
5.44
4.86
3.87

90 mrem

397 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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen

No. of
monitored
persons

89
2277
127
39
7
2
2

127

132

Weeks

Total
Dose

Man-rem

0
164.26
90.75
46.22
12.25
4.43
5.31

rarem

mrem

Calendar Year

No. of
monitored
persons

85
2152
152
84
48
9
8
2
2
1

Total
Dose

Man-rem

0
211.27
109.66
100.77
81.51
20.18
22.00
6.03
7.45
4.38

221 mrem

230 mrem
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Surface Radiation Dose - CP

r
Dose Range

rems

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

19
224
8
2

Total
Dose

Man-rem

0
14.30
5.67
2.26

83 mrem

95 mrem

Calendar Year

No. of
monitored
persons

18
214
13
7
1

143 !

Total
Dose

Man-rem

0
17.38
8.71
8.49
1.56

nrem

154 mrem

Surface Radiation Dose - PP

Dose Range
rems

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

163
9
5
5
2

Total
Dose

Nan-rem

0
4.07
3.28
5.76
3.70

80 mrem

410 mrem

Calendar Year

No. of
monitored
persons

158
32
7
5
2

92

406

Total
Dose

Man-rem

0
4.23
4.55
6.02
3.87

mrem

«nrem
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The two-weekly administrative control limits
for whole body doses were exceeded six times at CRNL,
once at CP and ten times at PP during the fourteen
week period. The corresponding limit for surface
radiation dose was exceeded twice at PP.

2.12.2 Hand Radiation Doses

In the 14 week period ending 17 June 1977 and
in the calendar year to this date there was the
following distribution of extremity doses as measured
by finger tip TLDs.

rpmn

less
1.00
2.00
4.00
6.00

than 0.99
- 1.99
- 3.99
- 5.99
- 7.99

CRNL
Calendar Fourteen
Year

69
9
3
0
1

Weeks

24
5
1
0
1

Calendar
Year

31
7
5
1
0

CP
Fourteen
Weeks

14
3
4
1
0

PP

Calendar
Year

5
0
0
0
0

Fourteen
Weeks

1
0
0
0
0

2.13 PUBLICATIONS

W.G. Cross - Nuclear Data Requirements for Radio-
therapy with Neutrons. INDC(Can)-17/G.

W.G. Cross - Canadian Progress Report to the INDC
(Oct. 1975 to April 1977) INDC(Can)-18/G.

H. Ing and W.G. Cross - Calculated Spectra for the
Dosimetry of D20-moderated Neutrons. Health
Physics Journal 3_2, #5, p. 351. May 1977.

A.R. Jones - A Five Channel Area Monitor for Gamma
Rays - Proceedings of the IVth International
Radiation Protection Association Congress, Paris,
April 1977, p. 801.

W.G. Cross and H. Ing - Spectra and Dosimetry of
Neutrons Interacting with Concrete Shielding.
Proceedings of the IVth International Radiation
Protection Association Congress, Paris, April
1977, p. 377.
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R.V. Osborne - Hazards and Protection from Tritium
Produced from Pressurized 3He in an Experimental
Reactor Loop. Proceedings of the IVth Inter-
national Radiation Protection Association Congress,
Paris, April 1977, p. 671.

R.V. Osborne and A. S. Coveart - A Transportable Monitor
for Tritiated Water Vapour - Proceedings of the
IVth International Radiation Protection Associa-
tion Congress, Paris, April 1977, p. 805.

2.14 VERBAL PRESENTATIONS

H. Ing and W.G. Cross - Calculated Leakage Spectra
from 2 3 Bu Spheres Containing Sources of 14-MeV
or Fission Neutrons for Radiobiological Applica-
tions. Third Symposium on Neutron Dosimetry in
Biology and Medicine, Munich, May 1977.

R.V. Osborne and N.W. Tepley - Monitor for Tritiated
Water at Low Concentrations in Air and Water
Effluents. IVth International Radiation Protec-
tion Association Congress, Paris, April 1977.



- 25 -

ENVIRONMENTAL RESEARCH BRANCH

by

I.L. Ophel
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3.4 Effects of Temperature on Algae
3.5 Biochemistry and Microbitl Ecology

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

of Ustilago maydis
3.6 Aquatic Radioecology and Fresh Water Biology
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3.7 St. Lawrence River Studies
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3.8.1 Energy Budget and Lake Evaporation
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3.8.5 Evaporation Pans
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Contaminant Hydrogeochemistry
Infiltration Studies on, the East Side of Perch Lake
Basin
Isotope Evaporation Studies
Mixing of Melt Waters with Sea Water in an Arctic
Fjord
Environmental Impact Assessment
Gamma Exposure Rates at the CRNL Boundary
Off-Site Monitoring
Liquid Effluent Monitoring
Liquid Disposal Area
Tritium Survey
Survey Summary
Publications
Verbal Presentations
3.27.1 Presented Papers
3.27.2 Local Talks

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

Branch Head - I.L. Ophel

Environmental Chemistry and Meteorology

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

L.K. Hendrie1

Natural Isotope Studies

R.M. Brown Assistant: C D . Fraser

Biochemistry and Microbial Radioecology

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

Radiochemistry and Terrestrial Radioecology

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

Contaminant Hydrogeochemistry

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

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

2Attached staff from Inland Waters Directorate, Environ-
ment Canada, Ottawa, Ontario.

3Attached staff from Inland Waters Directorate, Environ-
ment Canada, Ottawa, Ontario. On Maternity Leave as
of 31 March 1977.
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3.1 STAFF (cont'd)

Biology and Aquatic Radioecology

J.W. McMahon

I.L. Ophel

Assistants: A.E. Docherty
S-R. Gentner

Assistants: J.M. Ju<id
L. Tremblay1*

Hydrology and Trace Element Analysis

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

Secretary

D.J. TerMarsch

Other Attached Staff

J.F. Pickens
R.V. Nicholson

- Arrived 7 June 1977. Working
under research contract between
University of Waterloo and AECL.

Summer Students

B.D. Dickie

S. LeGresley

K.A. Trollope

D.M. Wildsmith

McMaster University, working with
R.M. Brown, reported for work
9 May 19 77.

University of Toronto, working
with J.W. McMahon, reported for
work 4 May 1977.

University of Sackville, working
with D.R. Champ, reported for
work 11 May 1977.

Champlain High School, working
with P^J. Barry, reported for
work 20 June 1977.

"•Attached staff. Graduate student from Ecole Polytechnique,
Montreal, Quebec, as of 4 May 1977.
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3.2 STUDIES ON EFFECTS OF HEATED WATER ON AQUATIC
ORGANISMS - J.W. McMahon and A.E. Docherty

Field studies are in progress to assess interac-
tions between water temperature and nutrient enrich-
ment and their effects on plankton community structure
and productivity. In situ experiments, utilizing low-
grade heated water isolated in polyethylene cylinders
(1 m diam. x 2 m deep) and inoculated with nitrogen
and phosphorus compounds are currently in progress.
Two studies to date, using elevated nitrogen:phosphorus
concentrations and temperatures 5 and 10°C above ambi-
ent, showed significant increases above controls both
in numbers of phytoplankton and carbon production.

3.3 BENEFICIAL USES OF WASTE HEAT

3.3.1 Polyculture of Fresh Water Organisms - J.W. McMahon,
A.E. Docherty and S-R. Gentner

Temperature regulated water tanks are being in-
stalled at Maskinonge Lake for the culture, in low-
grade heated water, of several species of phytoplank-
ton. Mass culture of the algae Ankistvodesmus bvaunii
and Saenedesmus bijugatus is currently being attempted
under laboratory conditions.

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

Experiments on the growth and productivity of
several species of unicellular green algae were con-
tinued. A temperature of 25°C appears to be optimum
for the growth of Ankistrodesmus braunii, Chlamydomonas
angulosa, Chlorella vulgaris, Planktosphaeria gelatinosa,
Saenedesmus bigugatus and S. quadriaauda. Only one
alga (Saenedesmus aautiformus) preferred a higher tem-
perature (30°C) for maximum growth.
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3.4 EFFECTS OF TEMPERATURE ON ALGAE (cont'd)

Determinations for organic carbon content in
these various algal cultures using an adenosine tri-
phosphate (ATP) method have been completed. Data is
currently being analyzed and compared with lhC pri-
mary productivity data.

Studies are under way to determine carbohydrate
and protein contents of various algae cultured at
different temperatures. The three species currently
being investigated are Ankistrodesmus hvaunii, Seene-
desmus aoutiformis and S. bijugatus.

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

3.5.1 Biogeochemistry of the Waste Management Area

A preliminary study was conducted this past
winter to determine the effects of winter conditions
on the ground water chemistry of an aquifer below the
CRNL Waste Management Area. Two locations, one in
the recharge area and one midway down the flow system
were chosen. Field measurements of E H, pH and dis-
solved oxygen (DO) were made from early December
through March. Little change in either pH or Eg was
observed at either site. However, contrary to expecta-
tions, the shallow ground water in the recharge area
did not become anaerobic, but instead the concentration
of dissolved oxygen increased by almost two-fold by
February. The DO concentration remained below the de-
tectable limits downstream. During February, samples
from both sites were also examined for their content
of various inorganic and organic components. These
results were compared with those obtained the previous
fall. Only minor changes in the concentration of
several ionic species were observed.
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3.5.2 Control Mechanisms in the Cellular Metabolism of
Ustilago may dis

Two glycoproteins have been partially purified
from U. may dis. Both possess the anomalous property
of acid solubilizing DNA molecules, with a molecular
weight of 25.2 x 10 , without causing hydrolysis of
the molecules. Characterization of the two proteins
has revealed a number of other interesting properties.
They are both susceptible to aggregation under oxidiz-
ing conditions and their ability to acid solubilize
DNA is dependent upon the maintenance of reducing
conditions during storage of the purified proteins
and during the reaction with DNA. They exhibit re-
markable stability since they retain activity follow-
ing boiling, in the presence of relatively high con-
centration of salts and following treatment with the
anionic detergent sodium dodecyl sulfate. Also a
number of divalent cations can inhibit their activity
at relatively low concentrations. The interrelation-
ship of the two proteins and the mode of interaction
with DNA is being investigated further.

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

The cation exchange capacity (CEC) determina-
tions on Perch Lake organic sediment using 60Co, have
been completed. It is proposed to measure CEC values
using 85Sr to compare with those obtained with 60Co
and to determine fixation capacity of the sediment
for both radionuclides. Analysis of the mineral con-
tent of the core samples from Perch Lake will be car-
ried out by atomic absorption spectroscopy.

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

Further studies of the effects of heated dis-
charge from the Gentilly Nuclear Generating Station
on the St. Lawrence River biota are being made by a
group from the Université du Québec à Trois-Rivilres
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3.7 ST. LAWRENCE RIVER STUDIES (cont'd)

under contract to AECL. New work in 1977-78 will be
a laboratory study of the effect of elevated water
temperatures on the components of a typical aquatic
food chain. Organisms studied will include (1) pri-
mary producers (algae), (2) herbivore (Cladocera),
(3) forage fish (Notimogonus) and (4) a carnivorous
fish {Peraa). Observations will be made on thermal
tolerance, effects on growth and on behavioural re-
sponses of the organisms to simulated effluent condi-
tions.

3.8 PERCH LAKE PROJECT

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

Lake temperature profiles of Perch, Maskinonge
and Upper Bass Lakes have been observed since the
ice-free period began in mid-April. There have been
three periods of strong heating followed by cooling
and a considerable amount of data has been accumu-
lated for study of temperature gradient development
and dissipation. Tilting of the thermocline by
strong winds has been observed in Perch Lake on one
occasion during strong solar heating. This observa-
tion demonstrated the need for multiple sampling
points to accurately assess lake energy changes under
these conditions. The following morning our assump-
tion that after a calm night the lake temperature is
uniform horizontally was confirmed. Tilting of the
thermocline on Maskinonge Lake from 5 m at the north-
west end to 8 m at the southeast end under the in-
fluence of several days of northwest wind was also
observed.

To further our understanding of the radiation
component of the energy balance, incoming solar radia-
tion at Perch Lake and solar radiation reflected by
the water surfaces of both Perch and Maskinonge Lakes
are being measured. The net radiation received by
Maskinonge Lake is being measured directly at the pan
assembly-raft. Recorders for the radiation instru-
ments and an anemometer at 10 m have been installed
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3.8.1 Energy Budget and Lake Evaporation (cont'd)

in a small building which is on the shore. An anemo-
meter at 10 m has also been installed on a raft near
the centre of Upper Bass Lake.

Evaporation pan experiments in cooperation with
the Atmospheric Environment Service of the Department
of Fisheries and Environment continue at Perch and
Maskinonge Lakes. The addition of a thin-walled lucite
grid below the water surface to one of the platform
pans on Maskinonge Lake has greatly reduced the inci-
dence of slopping out of water during periods of high
wind.

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

Tritium analyses of Perch Lake Outlet, Perch
Creek Weir and No. 1 and No. 2 Inlets were continued.
Chemical studies of water samples from the same loca-
tions were started again. All water samples were
taken using a new method to prevent the water from
coming in contact with the air before analyses could
be made. Dissolved oxygen measurements in the lake
were resumed on a weekly basis, when weather condi-
tions permitted. Readings were taken every 25 cm
from the surface to the sediment-water interface.

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

Analyses of rain and snow samples from runoff
traps has begun in cooperation with L.K. Hendrie,
University of Toronto.

Procedures for the analysis of heavy metals by
atomic absorption spectrometry and for the automatic
analysis of common anions by colorimetry are being
set up.
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3.8.3 Perch Lake Model - P.C. Jay and P.J. Barry

A scale model showing the stratigraphy under the »
Waste Management Areas north of Perch Lake is nearing
completion. Some modifications are being made on a
second model showing the surface topography, underground
sampling points and piezometer nests from Waste Manage-
ment Area A to the Outlet of Perch Lake. This model is
intended as a prototype for a display at the CRNL Public
Information Centre.

3.8.4 Soil Temperature Measurements - O.P. Wildsmith, P.J.
Barry and R.E. Légère

Daily temperature readings of se il temperatures
at Perch Lake were continued and additional daily read-
ings taken at 1500 h EST were commenced. These data are
now being put on computer cards.

3.8.5 Evaporation Pans - D.P. Wildsmith and P.J. Barry

Evaporation pan daily readings were maintained
and the collection and processing of wr.ud and lake
temperature data were completed.

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

At the request of reactor personnel and in
order to facilitate more investigations on the ef-
fects of CO2 additions to the NRU annulus and the
NRX loops on the "* *Ar releases, the collection and
counting of samples of the stack effluents have been
established on a basis of four times per year. These
will be carried out, when possible, in January, April,
July and October, the exact dates depending on the
state of the reactors and the availability of count-
ing facilities.
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3.10 TERRESTRIAL EVAPORATION - P.J. Barry

The 2 m diameter floating lysimeter at the
experimental field near the Outer Gate has been
successfully operated since the beginning of April.
Sensitivity is 0.05 mm of water equivalent and re-
producibility better than 5%. In the period 10-30
April net evapotranspiration from the grass-covered
surface amounted to 5.7 mm (0.27 mm-d"1) compared to
a total precipitation of 47.41 mm during the same
period. For the month of May, net evapotranspira-
tion was 41.6 mm (1.34 nun-d"1) and total precipita-
tion 25.6 mm for a net water deficit of 16 mm.

These studies will be used to test evapotrans-
piration models in water flow and flood prediction
simulation models. They are being conducted in co-
operation with the Atmospheric Environment Service
and the Inland Waters Directorate of the Department
of Fisheries and Environment.

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

The data collection stage of the snowmelt phase
of this project was completed early in the quarter,
and initial computer analysis has been instigated.
Data collection for the evapotranspirational phase
was started concurrently.

The development of the leaves of deciduous vege-
tation in the Perch Lake basin has been followed
closely using both destructive sampling and photo-
graphic techniques. The photographic techniques
coupled ground-level fisheye lens photography with
information from aerial photo-reconnaissance trips.

Stomatal resistance measurements have been made
with a diffusion porometer which is attached directly
to the leaves of the trees surrounding the instru-
mented tower. These values are then used in conjunc-
tion with leaf area measurements to obtain.estimates
of the total canopy resistance to the diffusion of
water in the transpirational stream. Electrical
moisture-sensing probes attached to model leaves are
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3.11 SNOWMELT AND EVAPOTRANSPIRATION IN A FORESTED CATCH-
MENT (cont'd)

being constructed and installed upon the tower to
provide an indication of the periods of free evapora-
tion when the leaf surfaces are wet.

In addition to monitoring the precipitation
gauge network in the Perch Lake basin, a series of
stemflow and throughfall traps have been installed
and monitored in the forested area. Soil moisture
and ground water uptake are being monitored with
the use of a neutron soil moisture probe and a series
of observation wells equipped with level recorders.
Some problems with the data-acquisition system were
encountered as a rasult of early spring electrical
storms, and have unfortunately led to the loss of
considerable data during the interesting spring
period.

3.12 WASTE MANAGEMENT AREAS

3.12.1 Soil and Ground Water Sampling - W.F. Merritt and
B.A. Risto

Soil and ground water sampling and well in-
stallation have been completed in the Liquid Dis-
posal Area. Piezometers and wells for ground water
velocity studies have been installed in the swamp
to the west of Waste Management Area F. Rhodamine B
solution was injected into two wells in Area F proper
and water from the drainage area is being sampled and
analyzed fluorometrically to estimate the travel time
of ground water from the vicinity of the wastes to
the nearest surface water.

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

.Attempts to use the flameless graphite furnace
in conjunction with atomic absorption spectrophoto-
metry for arsenic determination were unsuccessful.
Different pyrolysis-^.tomization programs, injection
techniques and instrumental parameters were tried
but it was not possible to achieve reproducible re-
sults. After considerable work this technique for
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3.12.2 Arsenic in Environmental Samples (cont'd)

arsenic was abandoned in favour of a method using a
heated quartz tube. A new quartz tube was designed
to fit over the existing burner head in the IL 353
spectrometer so that a stream of air from the burner
carried the hot gases away from the spectrophotometer
windows. Arsine, generated from the samples using
sodium borohydride and sulphuric acid, was swept
through the heated quartz tube using argon gas. The
system is automated using auto-analyzer equipment.
Reproducibility of repetitive samples is excellent.
Ten 100 ng As/mL samples put through the analytical
system showed a standard deviation of 2.5 ng As/mL.
The response is linear from 0 to 100 ng As/mL and the
lowest detectable quantity is 1 ng As/mL.

Surface water from six locations near Waste
Management Area F all showed less than 1 ng As/mL.
Acid digestion of samples from Ottawa ferro-columbium
waste sites (Albion Road, Rideau Road and Masterloy)
gave levels from 2.7 to 25 yg As/g dry soil. A sample
of Port Hope soil used as a comparative test with neu-
tron activation analysis (W.F. Merritt) yielded
25 yg As/g by the heated quartz tube method and
28 yg As/g by neutron activation.

Assistance was given to L. Johnston of the
Inland Waters Directorate of the Department of
Fisheries and Environment, Ottawa, in building a
similar quartz tube to fit the IL spectrophotometer
in use there for the determination of arsenic.

3.13.3 Stabilization of Ferro-columbium Wastes - L.
Tremblay

Ferro-columbium waste material from sites in
Ottawa is being delivered for disposal at CRNL.
These wastes contain high levels of heavy metals and
low concentrations of thorium and radium. A research
program has been started to determine methods for
permanent stabilization of these wastes. A literature
survey is under way and experiments to determine the
viability and growth rates of grasses grown in various
concentrations of waste have been started. The effect
of leachates from the wastes on seed germination will
also be studied.
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3.14 COOPERATION WITH OUTSIDE ORGANIZATIONS

3.14.1 Cooperation With Universities - W.P. Merritt

A successful hydrogeological field school was
held 3-9 May in cooperation with the Department of
Earth Sciences of the University of Waterloo. This
year academic credit was given to participants in the
course. A drilling crew demonstrated the various
ground water and soil sampling techniques used at
CRNL. Demonstrations were given of the point dilu-
tion method for determining ground water velocity,
using both radioactive and specific ion electrode
techniques. Stream gauging was added to the course
this year, and the dilution method using fluorescent
dye and a fluorometer was demonstrated.

3.14.2 Rain Sampling Program in Cooperation with Canada
Centre for Inland Waters - P.C. Jay and P.J. Barry

A special rain sampler and collector were in-
stalled at Perch Lake main site in cooperation with
W.M.J. Strachan of the Canada Centre for Inland
Waters of the Department of Fisheries and Environ-
ment. This sampler is to be used in conjunction with
a sampling network that was set up around the Great
Lakes to investigate polychlorinated biphenyls
(PCBs) and some pesticides in precipitation.

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

With Mrs. K.J. Inch on maternity leave and R.E.
Jackson in Ottawa for most of the period little was
accomplished during the quarter. However, R.E.
Jackson participated in the annual University of
Waterloo-CRNL field school in the first week of May.

The summer field season was begun on 6 June with
the planning and subsequent execution of a drilling
program to obtain cores of 90Sr and '37Cs contaminated
sands in the lower Perch Lake drainage basin. The
cores are to be centrifugea to separate pore waters
from solids so that the uptake of 90Sr and 137Cs might
be studied.
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3.16 INFILTRATION STUDIES ON THE EAST SIDE OF PERCH LAKE
BASIN - R.M. Brown and C D . Fraser

Suction lysimeters at the non-vegetated infil-
tration site were activated in March at the beginning
of the snowmelt period. Initially, only the deep
lysimeters (133 and 166 cm) yielded water until the
soil of the upper levels thawed at about the time
of disappearance of the snow cover. Through the melt
period drainage water was collected from the bottom
of the snow pack at a nearby site and samples were
taken from the lysimeters. Analysis is under way.

Multiple lysimeters have been installed at the
66 and 133 cm depths to check the isotopic reproducibi-
lity of samples collected. Water will be obtained by
distillation from soil taken at depths corresponding
to the lysimeters to check for possible fractionation
effects introduced by the suction lysimeter sampling
technique.

3.17 ISOTOPE EVAPORATION STUDIES - R.M. Brown, C D . Fraser
and B.D. Dickie

Study of the evolution of isotope compositions
in evaporating pans is being continued. Pans of 1 m
diameter with starting volumes of 20 and 40 litres
have been set up on the Perch Lake raft, on the shore
of the lake and in the forest of the east basin. Two
pans are sheltered by canopies to permit long evapora-
tion runs uninterrupted by the addition of rain water.
The rate of change of the isotope concentrations
(tritium, deuterium, oxygen-18) and the eventual
equilibrium values will be correlated with site con-
ditions of cover, temperature and humidity.

3.18 MIXING OF MELT WATERS WITH SEA WATER IN AN ARCTIC
FJORD - R.M. Brown

Samples of sea water from d'lberville Fjord,
Ellesmere Island (8035 N, 7900 W) collected by the
Frozen Sea Research Group, Department of Fisheries
and Environment, have been analyzed for deuterium and
tritium to study mixing of melt waters with sea water
in the fjord. Snowmelt water has distinctly lower
deuterium arid higher tritium content than sea water.



- 40 -

3.18 MIXING OF MELT WATERS WITH SEA WATER IN AN ARCTIC
FJORD (cont'd)

Variations of the deuterium content through eight
depth profiles at various distances from the heat of
the fjord show the distribution of snowmelt runoff
waters in the fjord. The relative dilution by runoff
waters and melted sea ice can be estimated from the
deuterium-salinity relationship since melting sea
ice reduces the salinity without altering the deuterium
content.

3.19 ENVIRONMENTAL IMPACT ASSESSMENT - I.L. Ophel

The Environmental Protection Working Party met
during the period and discussed its objectives in
light of comments from the parent Research and De-
velopment Program Committee. As a result the objec-
tive of the group is now redefined as "the develop-
ment of the methodology, conceptual models and en-
vironmental data base required for the assessment
of radiation doses to man and changes in his environ-
ment due to the operation of nuclear power facilities".
The immediate task is to assist other working groups
in an assessment of the environmental impact of the
proposed AECL-Ontario Hydro Fuel Management Centre.

3.20 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 give the
sum of contributions from CRNL and natural gamma radia-
tion. Values are lower during the winter months be-
cause of shielding of the terrestrial component by
the snow cover.
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3.20 GAMMA EXPOSURE RATES AT THE CRNL BOUNDARY (cont'd)

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

First Quarter
1977

14.9

4.3

3.8

4.8

2.9

3.8

5.3

8.6

9.1

9.1

4.8

1975
Average

13.8

8.4

5.3

8.4

6.9

6.3

8.7

11.3
10.6

9.3

9.8

1976
Average

10.4

5.4

4.3

5,9

4.8

5.4

5.4

7.9

8.5

6.6

6.2

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

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

3.21 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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3.22 LIQUID EFFLUENT MONITORING - W.E. Gruiranitt

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

First Quarter 1977
Mean Daily Release from the Process Sewer

Radionuclides

9oSr

l 3 7Cs
lI"*Ce
1 0 6Ru
111 °Ba

2 3 9 N P

9SZr
5-Mn

-6Sc
59Fe
6SZn
60 Co

Daily
mCi/d

1.9

6.6
27
-

44

37
72

21

12
24

17

19
33

Release
MBq/d

70

250

1000

-

1600

1400

2700

780

460
880

650

710
130

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 radionuclicle concen-
trations in individual streams (see Figure 2).
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3.22 LIQUID EFFLUENT MONITORING (cont'd)

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

3.23 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, 3*S and
3H as well as quarterly for gamma emitting radionuclides.
Strontium-90, ^°Co and 3H are still the main contami-
nants in the Perch Lake basin.

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

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

First Quarter 1977
Tritium in Streams in the Exclusion Area

Process Sewer

Sanitary Sewer

04 Storm Sewer
Cplus 04A)

Perch Creek

Duke Stream*

Concentration
yCi/L

0.036

0.044

0.036

0.13

6.4

kBq/L

1.4

1.6

1.4

5.0

240

Quarterly Release
Ci

450

2

8

48

150

GBq

1.7 x 10"

75

300

1800

5600

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

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

3.26 PUBLICATIONS

Champ, D.R., J. Gulens and R.E. Jackson. Redox pro-
cesses in natural and contaminated ground waters
(Abstract), p. 11 in Program With Abstracts Vol. 2,
1977 Annual Mtgs., Geological and Mineralogiaal
Associations of Canada, Society of Economic Geolo-
gists and Canadian Geophysical Union. Vancouver,
B.C.

Pickens, J.F., W.F. Merritt and J.A. Cherry. Studies
of dispersion in a sandy aquifer (Abstract).
EOS, Transactions, American Geophysical Union
58(6): 391-392.

Tomlinson, M., S.A. Mayman, H.Y. Tammemagi, W.F.
Merritt, J.A. Morrison, H.S. Irvine, G.A. Vivian,
J. Gale, B. Sanford and P.J. Dyne. Management
of radioactive wastes from nuclear fuels and
power plants in Canada. IAEA Int'l Conf. on
Nuclear Power and Its Fuel Cycle, Salzburg,
Austria. Atomic Energy of Canada Limited, Re-
port AECL-5706.

Merritt, W.F. Fixation of radioactive waste in glass,
pp. 81-85 in Nuclear Power: The Canadian Issues.
Atomic Energy of Canada Limited, Report AECL-5800.

3.27 VERBAL PRESENTATIONS

3.27.1 Presented Papers

Champ, D.R.*, J. Gulens and R.E. Jackson. Redox pro-
cesses in natural and contaminated ground waters.
Presented at 1977 Annual Mtgs., Geological and
Mineralogical Associations of Canada, Society of
Economic Geologists and Canadian Geophysical
Union, 25-27 April 1977, Vancouver, B.C.

•Presented paper at meeting
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3.27.1 Presented Papers (cont'd)

Pickens, J.F.*, W.F. Merritt and J.A. Cherry. Studies
of dispersion in a sandy aquifer. Presented at
1977 Mtg. of American Geophysical Union, 30 May-
3 June 1977, Washington, D.C.

Tomlinson, M.*, S.A. Mayman, H.Y. Tammemagi, W.F.
Merritt, J.A. Morrison, H.S. Irvine, G.A. Vivian,
J. Gale, B. Sanford and P.J. Dyne. Management
of radioactive wastes from nuclear fuels and
power plants in Canada. Presented at IAEA Int'l
Conf. on Nuclear Power and its Fuel Cycle, 2-13
May 1977, Salzburg, Austria.

3.27.2 Local Talks

Robertson, E. Methods of estimating lake evaporation.
Presented at "Field Methods in Hydrology", Univ-
sity of Waterloo-CRNL field school, 3-9 May 1977.

*Presented paper at meeting
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POPULATION RESEARCH BRANCH

by

Howard B. Newcombe

4.1 Staff (April - June 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
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4.1 STAFF

Branch Head - H.6. Newcombe

Hereditary changes and tumour induction in vertebrates

Assistant J.F. McGregor

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

M.E. Smith

Secretarial - C.L. Nagy

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

H.B. Newcombe and M.E. Smith, reported for work 9 May.
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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

A detailed statistical analysis has been partially
completed, of a large volume of data on the frequencies
of tumours induced in rat skin by radiation. The doses
used ranged in twofold steps from 800-12800 rads (8-128 Gy),
with 100 animals being exposed at each dose plus a further
hundred being used as unirradiated controls. This work
represents one part of a study designed to test for
synergism with other carcinogens (see PR-B-113). The
most effective doses were 1600 rads (16 Gy) for tumours
of all kinds and 6400 rads (64 Gy) for malignant tumours;
this compares with 3750 and 7200 (38 and 72 Gy) reported
from a smaller early study (Albert et al. Rad. Res. 15,
410-430, 1961) but both studies suggest that separate
cell populations may be involved in the formation of two
tumour types. The malignancies were observed to arise
either from wartlike growths or from ulcérations;
further data are being extracted concerning the growth
rates of wartlike formations that did and did not become
malignant, and on the most effective doses for the
production of the malignancies arising in the two ways.

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

Further comparisons have been made of the efficiencies
of computer linkages versus manual linkages of ill-
health records to the relevant birth records, for the
purpose of identifying causes of errors in the linkage
process. The linkage operations which were carried out
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earlier, by machine and by routine manual searching,
resulted respectively in 1.72% and 3.26% of the ill-
health file being incorrectly linked or not linked at
all.

After visual assessment and scoring of the computer
linkages, it was found that the causes of these errors
included: a) failure of the sort sequencing items to
bring the appropriate records together for comparison
(0.25%), b) surname discrepancies (0.13%), c) forename
discrepancies (0.12%), and d) birth date errors (0.04%).
In the case of the manual linkage operation they
included: a) errors in copying or keypunching the birth
registration number (1.09%), b) incomplete searching
of the birth file to select the best linkage (0.36%),
and c) simple failure to locate a potentially linkable
birth record when one was indeed available (0.78%).
The remaining miscellaneous causes of failure (1.18% and
1.04% respectively for the computer and manual linkages)
were associated with the presence on the records of
insufficient or incorrect identifying information. In
this last category, where neither the computer nor the
manual searcher was able to achieve a linkage (0.21%)
incomplete birth registrations of children who died
early in life may have contributed substantially; in
fact, when these records were examined it was found
96% of the cases related to deaths and over 70% of these
deaths were of infants who had died in the first month
of life.

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

The British Columbia Health Surveillance Registry
"card image" and "extended" format record files have
been updated to reflect about 75 recent changes, made
in British Columbia, mainly involving the disease and
aetiology codes for individuals represented on our files.
Tabulations by disease code were prepared from the
updated records.

Modifications have been made to a computer program
used to condense 160-column "extended format" individual
health history records into 40-column summaries (known
as "Z-nistory" summaries) which will be used for
repeated analysis. The complete production job of
re-creating the 325,000 updated individual history
summaries is currently in progress.
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4.6 AECL-UBC COLLABORATIVE RECORD LINKAGE PROJECT
K.B. Newcombe and M.E. Smi.th with B.K. Trimble (UBC)

In order to obtain some sort of quantitative
measure of the social burden and cost due to childhood
dominant and recessive diseases and congenital mal-
formations, linked individual health histories have been
used as a source of data on the risks of early mortality,
the frequencies of admissions to hospital and the
durations of utilization of hospital services, associated
with these groups of diseases.

All three categories of affected children are much
more likely to die, to be admitted to hospital and
to stay for longer periods, than is normal for liveborns
as a whole. It appears that children with congenital
malformations are the most likely to die as infants;
but amongst the children who survive the first year of
life those affected with recessive conditions experience
a considerably greater risk of mortality over the next
four years than either congenitally malformed children
or those with dominant disorders. While children with
dominant diseases are somewhat less likely to die early
in life compared to children with recessive disorders,
the two groups have very similar rates of hospital
admission and lengths of stay, at least during the
first five years of life. Children with congenital
malformations have slightly smaller per capita risks
of admission and tend to stay for somewhat shorter
periods than the children with single gene defects.
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BIOLOGY BRANCH

by

D.K. Myers

5.1 Staff

5.2 Aims of the aranch

BIOCHEMISTRY AND MOLECULAR BIOLOGY

5.3 Relative Positioning of Polypyrimidines Within
Nucleosomes of Mouse L-Cell Chromatin

5.4 Repair of Double-Strand Breaks in Micrococcus
radiodurans DNA

5.5 Ionizing Radiation Damage to Micrococcus radiodurans
Cell Wall

5.6 Direct Measurement of Recombinational Repair Exchanges
in Micrococcus radiodurans

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

5.8 Cultured Cells from Patients with von Recklinghausen* s
Disease and Tuberous Sclerosis Respond Normally to
Ionizing Radiation

GENETICS AND POPULATION STUDIES

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

5.10 Control Mechanisms in the Cellular Metabolism of
Ustilago maydis

5.11 Effect of Near UV (>300 run) Radiation on Bacteriophage

T4: Recognition of a Novel Photoproduct by T4 UV Endonuclease

5.12 Radiation-Induced Tumors in Rats

5.13 Assessment of Radiation Hazards to Human Populations

5.14 Publications

5.15 Verbal Presentations

5.15.1 Presented Papers
5.15.2 Lectures or Seminars
5.15.3 Local Talks

5.16 Invited Speakers
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S. 1 STAFF

Branch Head - D.K. Myers

Biochemistry of DNA and RNA
H.C. Birnboim

Radiation Biochemistry
D.K. Myers

Radiation Damage in Cell Walls
and Membranes

R.E.J. Mitchel

Enzymatic Repair of Radiation
Damage to DNA

N.E. Gentner

DNA Repair in Cultivated
Human Cells

M.C.

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

Bacteriophage T4 Genetics
J.D. Childs

Assistants J.J. Jevcak
A.G. Knight

Assistant L.D. Johnson

Assistant K.M. Baird

Assistant M.M. Werner

Assistants B.P. Smith
P.A. Knight

Assistant C.E. Grant2

Assistants G.D. Chant3

R. Pilon"

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, reported for work on 25 April, 1977.

Michael J. Ellison, University of Toronto, working witn
J.D. Childs and R.E.J. Mitchel, reported for work on 9 May, 1977.

Karen E. Munn, McMaster University, working with
N.E. Gentner, reported for work on 9 May, 1977.

Jeannette L.M. Rainville, McMaster University, working
with P. Unrau, reported for work on 2 May, 1977.

F.K. Zimmermann, a Visiting Scientist from Institut fiir
Mikrobiologie, Federal Republic of Germany, joined the Biology
Branch on 28 June, 1977 for a two-month period.
2Resigned 31 May, 1977.
designed 22 April, 1977.
*R. Pilon joined the Biology Branch on 9 May, 1977.
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5.2 AIMS OF THE BRANCH

Research in the Biology Branch is directed towards
an understanding of the effects of ionizing radiation on
living organisms, with a particular interest in assess-
ment of the genetic and carcinogenic hazards of low-
level radiation to human populations. Attention is
given to the entire chain of events by which the initial
radiation-induced changes in the living cell are
translated into significant biological effects. The
most critical target for damage by radiation or radio-
mimetic chemicals in the environment appears to be DNA,
the carrier of hereditary information in all living
cells. The harmful consequences of this initial damage
to DNA can be diminished 1000-fold or more by the combinée
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 RELATIVE POSITIONING OF POLYPYRIMIDINES WITHIN NUCLEOSOMES
OF MOUSE L-CELL CHROMATIN - H.C. Bimboim, R.M. Holford
(Health Physics Branch), and V.L. Seligy"

DNA in nuclei of eukaryotic cells exists in association
with a variety of proteins in a form called "chromatin".
The major proteins in chromatin are called histones.
Five major classes of histones are recognized: Hi, H2A,
H2B, H3 and H4. The latter four types of histones plus
a short length of DNA (140 base pairs) are organized
into small bodies called nucleosomes. This process
enables the enormous length of DNA which exists in the
nucleus of each cell to be packaged into a more compact
form. Under the electron microscope, nucleosomes can
be seen as small "beads" connected by short strands of
DNA. These beads can be isolated after digestion of
the interconnecting strands of DNA with an enzyme,
micrococcal nuclease.

We have been studying a special set of sequences in
DNA called polypyrimidines. It was of interest to determine
if polypyrimiâines (a minor fraction of the DNA) were also

"Cell Biochemistry Group, National Research Council of Canada,
Ottawa, Ontario KlA 0R6
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packaged into nucleosomes in the same «ray as the majority
of DNA sequences. This was tested by isolating nucleo-
somes and analyzing the DNA for polypyrimidines.
Nucleosomal DNA contained the same proportion of poly-
pyrimidines as did total DNA, indicating that poly-
pyrimidine DNA is assembled into nucleosomes to the same
extent as total DNA. From the size distribution of
polypyrimidines isolated from nucleosomal DNA, we were
also able to conclude that nucleosomes cover polypyrimidine
DNA in a "random" way, i.e., sometimes they cover the
center and sometimes an end of a polypyrimidine sequence.

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

Experiments were carried out in collaboration with
N.E. Gentner to determine the effects of pre-irradiation
on the repair of radiation-induced double-strand breaks
in DNA. M. radiodurans cells were exposed to 500 krad
(5 kGy) 61 y-radiation and then incubated in nutrient
medium for 90 min; during this time, the preliminary
radiation damage to DNA is repaired and, in addition,
additional enzymes for DNA repair are newly synthesized
by the cells. The double-strand breaks in DNA caused
by subsequent exposures to high doses of radiation are
repaired much more effectively after this pre-treatment
than in cells which have never been exposed to radiation
previously.

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

M. radiodurans cell wall contains some proteins and
polysaccharides that are selectively released by
sublethal doses of ionizing radiation. We have recently
been investigating the mechanism by which oxygen protects
these cells against this type of damage. The "oxygen
enhancement ratio" (OER) for this system is about 0.4.
Oxygen protection does not involve the scavenging of
primary aqueous radicals since the release is initiated
by hydroxyl radicals; aqueous electrons and hydrogen
atoms have little if any effect. The protective effect of
O2 apparently results from an interaction with secondary
radical sites in the cell wall, which subsequently prevents
release of the wall components. We have shown that
these secondary sites are subject to radical repair by
sulfhydryl compounds. Repair of the OH*damage also
prevents release of the wall components. This repair
however is in competition with the oxygen effect.
Interaction of oxygen with the secondary radical site
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prevents its repair by sulfhydryls. In the presence of
increasing amounts of sulfhydryl compounds, the OER for
the system increases to values greater than 1.0, i.e.,
O2 becomes a sensitizing agent rather than a protective
compound. This increase in OER is not seen in the
presence of various non-sulfhydryl hydroxyl radical
scavengers. We are currently examing some electrophilic
radiosensitizing compounds for their effect in this
system. These compounds behave as oxygen mimetics when
DNA damage or cell killing is examined.

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

A post-replication recombinational repair process
has been observed in bacteria and mammals, wherein
replication of a lesion-containing DNA must occur in
order to obtain the second DNA copy with which to perform
recombinational exchanges. Such a process has been
seen only after UV, and not after y-ray, exposure.
In M. radiodurans this particular pathway appears not to
exist; the newly synthesized strands after UV are of
the same molecular weight as in control cells.

An operationally distinct recombinational repair
process can occur in cells which contain the necessary
two DNA copies at the time of radiation exposure.
Possession of this pre-existing duplicated genome
obviates the need for replication of a lesion-containing
DNA and appears to be more advantageous in terms of
repair proficiency. Since recombinational exchanges
can occur even in the absence of DNA synthesis, this has
been called prereplicative recombinational repair.

Prereplicative repair has been observed to be considerably
more important in terms of survival and recovery than the
post-replication process, in organisms where the relative
contribution of each, can be distinguished. However, no
physical method was available with which to follow
prereplicative recombinational repair (although an assay
is available for the post-replication process), and its
importance had to be inferred from genetic and cell
cycle studies.

We appear to have been successful in development of
a method to assay this process directly. 3H-labelled
"heavy" DNA (bifilarly substituted) results from
growth of cells in medium supplemented with the "dense"
thymidine analogue BUdR (5-bromodeoxyuridine); one further
replication in cells transferred to normal ("light")
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medium with ^C-label gives unifilarly BU-substituted
daughter duplex molecules of intermediate density, in
which one strand ("heavy") contains 3H and the other
strand ("light") contains '"c. This is the starting
material for measurement of recombinational repair.
On isopycnic sedimentation, formation of "heavy-heavy"
or "light-light" double-stranded molecules because of
recombination would be evident as an increase in
3H/llfC ratio (compared to controls) in the "heavy"
region and a decrease in such ratio in the "light"
region. Such a shift, dependent on incubation of
y-irradiatéd cells under conditions known from micro-
biological work to support recombinational repair, has
been observed; this process begins immediately and
occurs before resumption of DNA synthesis.

5.7 RADIATION PROTECTION OF MICROCOCCUS RADIODURANS BY
PRE-INDUCTION OF RECOMBINATIONAL REPAIR - N.E. Gentner
and K. Munn

Our knowledge of repair pathways in M. radiodurans
has now enabled us to effect a considerable improvement
on even the substantial natural y-resistance uf
M. radiodurans. Because of previous results that suggested
Ta) post-irradiation protein synthesis was necessary
for activity of the recombinational repair process that
is important in y-resistance, and (b) failure of
recombinational repair might be a major factor in the
ultimate inactivation of M. radiodurans, we predicted
that exposure of cells to a "priming" dose of y-rays,
followed by incubation to support induction of recombinational
repair machinery, would lead to increased resistance to
inactivation by subsequent y-irradiation.

A substantial protection is afforded by such treat-
ment. The kinetics for development of protection by
doses in the range 200-800 krad (2000-8000 Gy) have
been established. Protection is evident as an increase
in y-ray survival curve shoulder of an additional ̂ 400
krad (4000 Gy) as well as in a decreased limiting slope
for the exponential portion of the curve (i.e., a
decreased probability of inactivation compared to normal
cells, even at high doses).

The requirements for development of this protective
effect strongly support a conclusion that improved
recombinational repair capability is responsible.
Incubation in growth medium was required; if such
incubation was conducted at 0 C or in the presence of
a protein synthesis inhibitor (chloramphenicol), or
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in non-nutritive medium, no protection resulted. These
correspond with previously demonstrated requirements
for expression of recombinational repair activity.

The repair activity responsible for the protection
appears to be induced only by ionizing radiation damage
and to confer largely or entirely an increased resistance
to ionizing radiation. Y-pre-exposure caused no
protection with respect to UV; UV-irradiation plus
incubation did not increase either UV- or y-resistance.
This is consistent with recombinational repair being a
pathway primarily involved in y-repair.

5.8 CULTURED CELLS FROM PATIENTS WITH VON RECKLINGHAUSEN'S
DISEASE AND TUBEROUS SCLEROSIS RESPOND NORMALLY TO
IONIZING RADIATION - M.C. Paterson, B.P. Smith and
P.A. Knight

A long-term goal of the human cell culture program
is the identification of genetic diseases in man
associated with sensitivity to ionizing radiation. To
date one disease, ataxia telangiectasia, is known. An
abnormality in the central nervous system (CNS) and a
tendency to develop cancer are two prominent features
of this complex disorder. Two other inherited disorders,
von Recklinghausen's disease (VRD) (neurofibromatosis)
and tuberous sclerosis (TS) also involve CNS complications
including an elevated incidence of tumors which on occasion
undergo malignant degeneration. We were thus prompted
to measure the response to ionizing radiation of cultured
diploid cells from VRD (strains GM622 and GM1633) and
TS (strains GM1635 and GM1640) donors. After exposures
of the cells to 60Co y-rays under anoxic conditions
(N2 atmosphere), two endpoints were assessed: (i) the
capacity to form colonies, a biological assay; and (ii)
the ability to execute DNA repair replication, a bio-
chemical hallmark of the enzymatic repair of damage to
the genetic material. All four strains formed colonies
and carried out repair replication to an extent in
the range of that observed for two control strains
(CRL 1141 and CRL 1119) derived from clinically normal
individuals. Thus, cells from VRD and TS patients are
not sensitive to ionizing radiation. It would thus seem
that the pattern of abnormalities displayed by patients
having either von Recklinghausen's disease or tuberous
sclerosis does not stem from sensitivity to ionizing
radiation.
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GENETICS AND POPULATION STUDIES

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

Nothing to report.

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

Nothing to report.

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

The relative UV sensitivity of bacteriophage T4u
(a mutant of T4 unable to induce endonuclease V which
is required for initial dimer incision) compared to
T4i>+ increases from 2-fold for 254 ran irradiation to
4-fold for irradiation above 300 nm. This implies that
endonuclease V recognizes a photoproduct only detectable
after near UV irradiation. We have previously obtained
evidence for such a photoproduct; after 320 nm-
irradiation we found that about 50% of the endonuclease
V-sensitive sites could not be photoreactivated whereas
essentially all the sites (̂ 90%) formed during 254 nm-
irradiation could be photoreactivated. Thus a photo-
product, which for convenience we will call photoproduct
x, appears to be formed during 320 nm-irradiation. This
photoproduct can be recognized by endonuclease V but
cannot be photoreactivated.

We have now repeated these experiments with two
mutants of T4 with different base compositions. Normal
T4 has glucosylated 5-hydroxymethylcytosine (glucosyl-
5HMC) in place of cytosine in its DNA. One mutant that
we have used lacks the glucose on the 5-hydroxymethylcytosine
(5HMC)) and the other has cytosine instead of 5HMC.
With both of these mutants, about 90% of the endonuclease-
sensitive sites induced by both 320 nm- and 254 nm-
irradiation could be removed by photoreactivation. This
result suggests that x is a photoproduct of glucosyl-
5HMC. However, we have examined the sensitivity of
glucooylated and non-glucosylated T4 to near UV (313 nm)
and we have found that glucosylati jn has no effect on
the sensitivity of either normal (wt) or mutant (v)
bacteriophage. Thus, either the increased relative UV-
sensitivity of T4z> to near UV is unrelated to photo-
product x, or non-glucosylated photoproduct Jf can be
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formed from non-glucosylated 5HMC and this photo-
product is photoreactivable. Experiments are in
progress to determine the nature of photoproduct x.

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

Nothing to report.

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

Information is being gathered on the environmental
agents believed to be responsible for cancer induction
in human populations. A brochure on "The Biological
Hazards of Radiation and Research in Radiation Biology
at CRNL" is being prepared.
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Paterson, M.C., B.P. Smith, A.K. Anderson, and
P.A. Knight - Ataxia telangiectasia: an
inherited human disease involving radiosensitivity,
malignancy, and defective DNA repair. In
"Research in Photobiology" (A. Castellani, éd.),
pp. 207-218, Plenum Press, New York (1977).

5.15 VERBAL PRESENTATIONS

5.15.1 Presented Papers

Birnboim, H.C., and R.E.J. Mitchel - The use of
glyoxal-modified mouse DNA for the study of
sequences which complex with synthetic poly-
nucleotides. Presented at the Canadian Federation
of Biological Societies 20th Annual Meeting,
University of Calgary, Calgary, Alberta,
21-24 June, 1977.

Mitchel, R.E.J. - Micrococcus radiodurans surface
exonuclease: dimer to monomer conversion by
aqueous free radicals. Presented at Twenty-fifth
Annual Meeting of the Radiation Research Society,
San Juan, Puerto Rico, 8-12 May, 1977.

Myers, D.K. and L.D. Johnson - Oxygen effects on
initial yield of double-strand breaks, the failure
of repair, and cell death in M. radiodurans
following y-irradiation. Presented at Twenty-
fifth Annual Meeting of the Radiation Research
Society, San Juan, Puerto Rico, 8-12 May, 1977.

Myers, D.K., H.B. Newcombe, and J.F. McGregor -
Synergism and additivity in radiation carcinogenesis
in rats. Presented at American Industrial Hygiene
Conference, Fairmont Hotel, New Orleans,
Louisiana, 22-27 May, 1977.

Myers, D.K. - DNA repair and the assessment of radiation
hazards. Presented at Workshop on Repair and
Exposure Standards, Oak Ridge, Tennessee,
28-30 June, 1977.

Champ, D.R., P. Unrau, C.E. Grant, and J.R. Young -
The role of acid solubilizing proteins ("Holloman
Moiety") in the control of DNA condensation.
Presented by P. Unrau at NATO Advanced study
Institute DNA Synthesis: Present and Future,
Santa Flavia, Sicily, 20-29 June, 1977.
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Paterson, M.C. - Environmentally induced DNA damage,
its faulty repair, and malignant genetic diseases.
Overview presented at the Dahlem Konferenzen,
"Neoplastic Transformation: Mechanisms and
Consequences", Berlin, Germany, 9-13 May, 1977.

5.15.2 Lectures or Seminars

Paterson, M.C. - Ataxia telangiectasia: an inherited
human disease involving radiosensitivity, neoplasia,
and defective DNA repair. Presented to the Medical
Biologic?1 Laboratory, TNO, Rijswijk, Z.H., The
Netherlands, 16 May, 1977.

5.15.3 Local Talks

Myers, D.K. - Report on ORNL Symposium on "Mechanisms
of Tumor Promotion and Cocarcinogenesis". Presented
to Biology Branch, CRNL, 5 April, 1977.

Myers, D.K. - Radiation biology at CRNL. Presented
to members of Senior Management Committee, CRNL,
7 April, 1977.

Myers, D.K. - Radiation biology at CRNL. Presented
to Profs. R.L. Clark and R. Morrison, Carleton
University, 12 April, 1977.

Myers, D.K. - Radiation biology at CRNL. Presented
to B. Powell, Commercial Products, 21 April, 1977.

Myers, D.K. - Radiation biology at CRNL. Presented
to CRNL Summer Student Guides, 17 May, 1977.

Myers, D.K. - Review from Radiation Research Twenty-
fifth Annual Meeting and Preview of paper on
Radiation Carcinogenesis in Rats. Presented to
Biology Branch, CRNL, 18 May, 1977.

Paterson, M.C. - Environmentally induced DNA damage,
its faulty repair and malignant genetic diseases.
Presented to Biology Branch, CRNL, 18 April, 1977.

Paterson, M.C. - Report on Dahlem Conference on
"Neoplastic Transformation: Mechanisms and
Consequences". Presented to Biology Branch, CRNL,
2 June, 1977.

Paterson, M.C. and B.P. Smith - Recent activities
in the human DNA repair program. Presented at
Biology Branch Staff Meeting, CRNL, 14 June, 1977.
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5.16 INVITED SPEAKERS

Dr. J.A. Heddle, Department of Biology, York University,
Toronto, Ontario - "Detection of chromosome
aberrations in human lymphocytes", 21 April, 1977.

Dr. J.A. Raleigh, Health and Safety Division, WNRE,
Pinawa, Manitoba - "Radiation chemistry of model
membranes", 13 May, 1977.

Prof. E. Farber, Department of Pathology, University of
Toronto, Toronto, Ontario - "Carcinogenesis—A
New Perspective", 16 June, 1977.
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