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BIOLOGY AND liFALTH PHYSICS DIVISION SUMMARY

A.M. Marko

Health Physics

The laboratory participated in the Fourth Intercomparison of

Nuclear Accident Dosimetry Systems held in the United Kingdom under 'he

sponsorship of the IAEA. In this intercomparison,exposures were

arranged at the Viper reactor of the Atomic Weapons Research Establish-

ment, UKAEA. Preliminary results show that the Chalk River Nuclear

Laboratories (CRNL) estimates of the neutron and gamma doses are close

to the average of those from the nineteen participating laboratories.

Calculations of neutron leakage spectra from various neutron

source arrangements are continuing and work is in hand on development of

data processing methods for use with scintillation and proportional counter

detectors to be used in forthcoming experimental verifications of leakage

spectra calculations to be carried out with the 14 MeV neutron generator.

Progress according to schedule is being made on improvements

to the neutron accelerator building in order to suit the improved shielding

required by the FINS accelerator to be installed later this year.

The laboratory also participated in an intercomparison amongst

North American laboratories of thermoluminescence dosimeters used for

low level environmental monitoring involving outdoor exposures over a
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three month interval and short-term indoor tests. The CRNL, dosimeters

gave results lying within 10% of the median, values from all 56 participants.

The development of a simple tritiated fuel monitor is proceeding

for possible application to the checking of the inventory of discharged fuel

bundles at nuclear power stations. Preliminary tests indicate that a semi-

conductor power rectifier can be adopted as a simple high range gamma

radiation detector. Mechanical design of an appropriate collimating

assembly of a multi-detect or unit is proceeding.

Manufacture of installed tritium-in-air monitors for Bruce

Generating Station is underway in industry. Final design improvements

resulting from field experience have been incorporated in the portable

tritium-in-air monitor and engineering design of the transportable tritium-

in-air monitor is continuing. The first and last of these three instruments

are fully compensated against interference from both noble gases and

external radiation and the second is compensated only against external

gamma radiation.

Environmental Research

The experimental facility for heated water studies at

Maskinonge Lake is now in operation. Preliminary tests of boiler opera-

tion, pumping and circulation patterns in the polythene enclosures are

underway. In related laboratory studies the growth patterns of nine

species of algae in pure culture are being determined at different tempera-
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tures.

A series of experiments has been initiated to compare the

biological half-life of cobalt-60 and other radionuclides in several species

of native fish. At the same time some effort is being applied to the pro-

blem of keeping native fish free from disease when they are brought into

the laboratory for experimental work.

A new program to study evaporation processes has be~n started

at Perch Lake in cooperation with the Hydrometeorology Research Section

of the Atmospheric Environment Service. Initially the study will concen-

trate on two techniques - the use of evaporation pans and use of network

data to stimulate the energy balance of lakes. Instrumentation used to

observe heat storage changes in the lake has been improved and expanded.

The University of Waterloo, Department of Earth Sciences held

a hydrogeology field school at CRNL in May in collaboration with the

Environmental Research Branch. CRNL personnel demonstrated such

techniques as wash boring, soil and ground water sampling, and radio-

tracer and dye techniques for determining ground water velocities.

Twelve students and three observers participated.

A new Low-Level Laboratory (Building 560) near the Outer Gate

of CRNL is now completed and in operation. The Medical Research Branch

and Environmental Research Branch share this building for whole-body

counting and low-level radiochemistry respectively.
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Population Research

An effect on tumour induction in skin, resulting from exposure

to cigarette tar following irradiation, has been observed in an experiment

with rats. Whereas the tar alone has so far failed to cause skin tumours,

its presence following irradiation resulted in a 3-fold increase in the

numbers of radiation-induced tumours. The result is statistically

significant, and the experiment is being repeated on a larger scale. Such

studies are viewed as a source of one of the kinds of information needed

for the setting of appropriate safety standards.

Work on the production of an updated cumulative file of health

histories for children, as a basis for the study of hereditary disease, is

continuing in collaboration with the British Columbia Health Department.

The required linkage programs have been developed and are undergoing

detailed testing and modification.

Biology

Research emphasizing radiation damage and repair of this

damage has continued to be carried out. In human cells in culture, an

in vitro assay has been employed to show that photoenzymatic repair of

pv imidine dimers does not take place, a finding which is contrary to

recent reports on this subject. This is unfortunate since it could have

provided a means to assess directly the importance of pyrimidine dimers

in the lethal and mutagenic effects of sunlight.



In MicrocQccus radjodurans, the work on re lease 01 protein-

from i r radia ted cell walls has been expanded, and studies of the rad-.vior.

induced r e l ea se of polysaccharides is being investigated. H(l. as ^ • o. .-

saccharides seem to originate from the same cell layer .vher.- ixonuci -

was found in p r io r s tudies. The releasing agent for polysacchar:c . -.-. ;

radiation generated hydroxyl radica l from water , a process which I .-

exactly comparable to that which had released prote ins . Th•;.-. thv . h ,

mechanism of radiation injury to the cell wall s e e m s to be p r imar i ly • n<-

resul t of a hydroxyl radical in one cell layer . In the same orgamsn . ,

studies on the formation and r epa i r of DNA st rand breaks in UV irradiat.-,i

cel ls have shown that the breaks are repaired efficiently in the .viid tyu. .

In the repai r deficient mutant UV 17, a very la rge number of b reaks ,.r.

found for a given UV exposure and these are repa i red much less efficiently

In bacteriophage, mutants which fail to grow on str fptomycin

resistant E^ coii have now been isolated. These mutants will be useful as

geneti-: markers and for the study of the role of mutant ribosomes in

translation of the genetic code, that is, in the biosynthesis of proteins.

In insects, studies of combined radiation and heat have shown

very high frequencies of eye colour mutations. When the heat is given

after radiation, the effect is diminished, indicating that the damage by

radiation can repair with the passage of time.
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Larry Antonuk (University of Calgary) working with
A.R. Jones reported May 7, 1975

Kai Chang (McGill University) working with
R.V. Osborne reported for work May 12, 1975.

Ross Male (University of Waterloo) working with
A.R. Jones reported April 28, 1975.

Karen Suter (Fellows High School) working with
R. Sondeau reported June 9, 1975.

Pierre Vivier (McGill University) working with
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(1) Post-doctoral fellow.
(2) Brian Greiner joined the technical staff of

this Branch May 12, 1975 to work with W.G. Cross
and H. Ing.

(3) On loan from the drawing office.
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2.2 FAST NEUTRON DOSIMETRY

2.2.1 Leakage Spectra from Pb Spheres Containing a
14-MeV Neutron Source at Center - H. Ing and
W.G, Cross

Monte Carlo calculations of neutron transport
in Pb reported earlier (PR-B-105) were extended to
include leakage spectra from Pb spheres of various
sizes (5 to 50 cm radius) containing a source of
14.6 MeV neutrons at the center. Average cross
sections for nuclear reactions used in activation
and damage track detectors and dose attenuation
of 14.6 MeV neutrons were derived from the calcula-
ted spectra. These results have application in the
design of shielding or collimators for 14.6 MeV
neutron generators or fusion sources and for radia-
tion monitoring around such facilities.

2.2.2 The Fourth IAEA Intercomparison of Nuclear Accident
Dosimetry Systems - H. Ing and W.G. Cross

Over 30 participants from 19 laboratories
attended the Fourth IAEA Intercomparison of Nuclear
Accident Dosimetry Systems held at the Atomic
Energy Research Establishment, Harwell, from April 7
to 18. Accident dosimeters were exposed to two
bursts from the Viper reactor at the Atomic Weapons
Research Establishment at Aldermaston.

Similar to earlier experiments in 1971 at
Oak Ridge and in 1973 at Vinca, Yugoslavia, CRNL
dose measurements were made using a dosimeter
badge containing Rh, In and S neutron activation
detectors, Np and Th damage track detectors and
6Li-shieldedTLD-700 gamma dosimeters. Au and Cd-
cbvered Au foils were used to measure- thermal and
resonance neutron fluences. All measurements of
dosimeters and preliminary analysis of data were
performed at Harwell. Activities in Rh and S were
measured with a portable Nai X-ray detector and a
new miniature multichannel analyzer (PR-B-105) while
In and Au foils were measured with a Ge(Li) detector.
Damage track detectors were etched in a portable,
temperature-controlled bath and read using the
electrolyte conductance method (PR-B-104).
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Although final dose values are not yet
available, preliminary results were reported by
most groups during the meeting. On account of
softness of the leakage spectrum from Viper, the
neutron doses quoted by the various laboratories
were in much poorer agreement than those in pre-
vious intercomparisons. The estimates of neutron
kerma ranged from 4C rads to 245 rads for the
first burst and 162 rads to 320 rads for the second.
Quoted gamma doses were in reasonable agreement
having standard deviations of 13% for the first
burst and 8% for the second. Preliminary CRNL
values and average of all the participants are
shown below:

PRELIMINARY RESULTSa

Burst Neutron Kerma (rads) Gamma Dose (rads)

CRNL Average CRNL Avarage

1 102 120 49 55
2 181 209 84 88

aResults from badge in free air

2.2.3 Analysis of Recoil Spectra from Hydrogenous Scin-
tillators - P. Vivier, H. Ing and W.G. Cross

A computer code - COOLC1 was obtained from
the Radiation Shielding Information Center and
adapted for running on the CRNL CDC-6600 computer.
This code unfolds measured pulse-height distribu-
tions and is intended primarily for analyzing
distributions obtained with NE-213 liquid scintilla-
tors. It is a modified version of the well-known
code FERDOR2 and differs primarily from the latter
in that it allows for grouping of the input spectrum
into appropriate bins.

1"FERDOR and COOLC; Spectra Unfolding Codes", RSIC
Code Package PSR-17 (Oak Ridge National Laboratory,
Oak Ridge, Tennessee)

2B.W. Rust and W.R. Burrus, "Suboptional Methods
for Solving Constrained Estimation Problems"
Tennecomp Systems Inc. Report TPR-0145 (1971).
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Results from unfolding test pulse-height
distributions provided with the code and using
the given response matrix indicate that COOLC is
working properly.

2.2.4 RESEHP - A Code for Processing Cross Section Data
on ENDF/B - H. Ing

Neutron transport calculations in Cu are
needed for interpreting measurements of doses
from the Viper reactor used at the Fourth IAEA
Intercomparison of Accident Dosimetry Systems.
These calculations require treatment of the cross-
section data in the ENDF/B library1. File 3 of
ENDF/B contains tabulations of neutron interaction
cross sections at various neutron energies. When
an element, such as Cu, has pronounced resonance
structure, its cross section may not be tabulated
over the resonance region and must be computed
from resonance parameters provided in file 2 of
the ENDF/B tape.

A computer code - RESEND2 - was recently
acquired from the Argonne Code Center and modified
for the CRNL CDC-6600 computer. RESEND computes
cross sections from resolved resonance parameters
(in the single or multi-level Sreit-Wigner formal-
ism) in file 2, adds them to file 3 and writes the
new cross-section file on a magnetic tape.

2.2.5 Spectra and Dosimetry of Neutrons from the
Hammersmith Cyclotron - W.G. Cross and H. Ing

The most extensive clinical trials of neutron
therapy are those using 9Be(d,n) neutrons produced
by the MRC cyclotron at Hammersmith Hospital where
dose measurements in a water phantom are at pres-
ent being made using various detectors. To assist
interpretation of these measurements, we have cal-
culated the variation in spectra when neutrons from
this cyclotron penetrate different depths of water,
using Monte Carlo calculations, (PR-B-96), using an

2M.K. Drake, "Data Formats and Procedures for the
ENDF Neutron Cross Section Library" BNL50274 (1970)

ZM.R. Bhat, "ENDF/B Processing Codes for the Reson-
ance Region", BNL50296 {1971).
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incident spectrum obtained from Hammersmith. The
relative response of activation and damage track
dosimeters at various depths is being calculated.

2.2.6 Plotting Software for HP9820A Calculator -
w.G. Cross and H. Ing

A set of plotting programs has been written
for the HP9820A calculator. These plot axes and
scales on log-log and semi log graphs and data in
the form of histograms or points (with various
symbols) including error bars. Data can be read
from magnetic cassettes or paper tape or calculated
from analytical expression. These programs are
presently used for plotting gamma-ray pulse height
analyzer spectra and neutron spectra calculated by
Monte Carlo methods.

2.2.7 Neutron Spectral Measurements - B.J. Tymons. H. Ing
and W.G. Cross

A program of neutron spectra measurements has
begun. These measurements are hoped to substan-
tiate the many spectral calculations undertaken
over the last four years which have been made to
assist the interpretation of dosimeter measurements.
To this end two spherical proportional counters,
manufactured by 20th Century Electronics, are undergoing
calibration. The counters are an SP2 of 2 cm radius
and 10 atmospheres of hydrogen filling and an SP6 of
7.7 cm radius and 5 atmospheres of a mixed argon
and methane filling.

Initial measurements of resolution appear to
agree with those of the specification (about 6 - 8%).
A Fortran program SPEC 4 is currently being adapted
for analysis of the recoil spectrum.

2.3 THERMOLUMINESCENCE DOSIMETRY - A.R. Jones

Woodbridge Moulded Products Limited, have
designed and built the tooling for the new TLD
holder. It is being used to make 100 samples for
evaluation.

Fading tests made on the plaques used in
personnel dosimetry, with no pre-annealing, showed
fading of less than 10% in 30 days. This fading
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is quite tolerable for dosimeters exchanged every
two weeks but is too much for environmental moni-
toring over three month intervals. A similar
fading test is being conducted with TLD plaques
pre-annealed at 80°C for 16 hours which is the
proposed treatment for the environmental applica-
tion -

For low exposure measurements an increase
in sensitivity of TLD's could be useful if the out-
put from unexposed dosimeters is not also increased.
To enhance the sensitivity of some LiF TLD's they
were exposed to 8 x lO^R and then annealed at 290°
for one hour. One group ( of 10 thick and 10 thin
TLD's) were mounted in plaques and exposed to 1R.
A second unmounted group were exposed to 1R and
both groups were read in their respective readers.
The unmounted TLD's had been sensitized by a factor
of eight while the plaque mounted chips had their
sensitivity increased by a factor of nine- Glow
curves showed that the sensitizing had been most
effective for the higher temperature peaks. This
is important since the sensitized dosimeters would
therefore probably fade less. Unfortunately the
glow curve showed a high temperature peak above
the 290°C peak (used for annealing) which was pre-
sent in both irradiated and unirradiated samples.
This was manifested in high and variable readings
(^ 100 mR) when the TLD's (mounted and unmounted)
were read a second time without irradiation. After
this the TLD plaques were again exposed and reread.
The sensitizing factor dropped to about five and
the residuals also dropped to about 11 mR (compared
with about 5 mR for unsensitized TLD's). According
to Mayhugh (Health Physics, 28, p. 297, 1975) the
zero signal of sensitized ThWs can be reduced by
prolonged exposure to U.V. but the reverse was
observed with these TLD's. In summary, a useful
enhancement in gain may be obtained by pre-irradia-
tion but a more refined annealing technique is
needed before sensitizing becomes useful at low
exposure levels.

A three month comparative test has begun of
separate TLD's (in packages of 4) and plaque
mounted TLD's (in pairs). The results obtained
will be compared with the exposure measured by a
scaling dosimeter over the same period. Each TLD
and the scaling dosimeter have been calibrated with
the same source.
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If this comparison is favourable to the
plaque mounted TLD it is intended to use it in
place of the unmounted TLD. A program is being
written to permit individual corrections to be
made to each TLD plaque both for its sensitivity
and zero variation. This would permit the use of
the punched paper tape output from the automatic
TLD reader and the Hewlett Packard calculator
9820A.

Results of an intercomparison of low level
gamma measurements in which CRNL participated
have been received. There were 56 participants,
using a variety of techniques (TLD, TSEE, Film),
and measurements were made in the laboratory (a
short exposure) and in the field (three months).
Compared with the median values for the others,
the CRNL results were 6% and 9% low for the labora-
tory and field measurements respectively.

In addition to environmental monitoring
around CRNL and CPD, dosimeters are being provided
to measure yexposures around the McMaster reactor.

2.4 CALIBRATION OF THE IONEX CHAMBERS - A.R. Jones

Measurements have been made on all the scales
and all three chambers to check the consistency of
the NRC calibration,and a comparison has been made
with a standard radium source. These measurements
permit the NRC calibrations to be applied to the
entire range of exposures and exposure rates and
to the energy range .03 to 1.25 MeV.

2.5 ENVIRONMENTAL GAMMA MONITORING - A.R. Jones

Tests have begun on a silicon lithium-drifted
detector, built in the Counter Section, Neutron
Physics Branch, and designed to be used as a Compton
spectrometer for environmental y-radiation.

2.6 SAFEGUARDS INSTRUMENTATION - A.R. Jones

To detect the presence or absence of irradiated
CANDU fuel bundles in the storage bay a radiation
detector must operate satisfactorily in the range
10s - 106 R/h. Silicon diodes used in the photo-
voltaic mode can be used over this range if their
output voltage is kept low. One potential diffi-
culty in this application is radiation damage.
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To assess the radiation damage problem,various
types of rectifier diodes were exposed to increas-
ing exposures of Cobalt-60 y-radiation up to 16 MR.
Rectifiers were chosen, in the first instance,
because of their low cost, since a multiple detector
is desirable because of the large number of fuel
bundles to be surveyed. After each exposure, the
sensitivity of each detector was measured. All
types of rectifiers showed decreasing sensitivity
with exposure but one type (1N2156) showed a marked
decrease (nearly 50%) after an exposure to 2 MR
followed by no further detectable decline up to
16 MR. Thus, by pre-exposure to 2 MR these recti-
fiers can be given a further 14 MR without appre-
ciable loss of sensitivity. Further tests were
made to select a cable which was not noisy and was
insensitive to yradiation permitting the use of
the recitifiers without an adjacent pre-amplifier.

A lead collimator was built to house the
rectifier. Detector and collimator were tested
in the NRX fuel bay using four-year-old NPD fuel
bundles. These tests showed quite adequate sensi-
tivity to monitor old fuel. Measurements were
made with a fuel bundle in place in the basket and
with it removed but with all its neighbours still
in place. The ratio of the two measurements was
about two which is adequate to distinguish the
presence or absence of a fuel bundle in its proper
location. A collimator with the same dimensions,
but made from depleted uranium will be similarly
tested. A 4 x 4 array of collimated detectors has
been designed and if the tests with the single
uranium collimator are satisfactory the array will
be built to permit the simultaneous monitoring of
the sixteen bundles contained in a single basket.

2.7 RADIATION MONITORING INSTRUMENTS - A.R. Jones

2.7.1 Thin Window Portable Contamination Monitor

Testing of the prototype in the laboratory
continues.



- 16 -

2.7.2 Multichannel Area Monitor, AEP-5289

Preliminary mechanical design is complete.
Construction and testing of low and high range
head units and rack mounted modules has begun.
Preliminary drawings have been issued to Power
Frojects for quotations for Gentilly II.

2.7.3 Wide Range 8y Survey Meter, AEP-5288

Mechanical design has begun.

2.8 TRITIUM MONITORING - R.V. Osborne

2.8.1 Installed Tritium-in-air Monitor, AEP-5275

The laboratory prototype was successfully
operated continuously for a month at the beginning
of the quarter. It was then shut down and the
Searle scintillation counter loaned to the manu-
facturer of the first five commercial units to
facilitate their commissioning.

The new control unit for the prototype is being
assembled.

2.8.2 Calibrator for Tritium Monitor, AEP-5284

The laboratory prototype has been rebuilt and
recalibrated for temporary use until the engineered
unit is available early in the next quarter. The
calibrator is currently on loan for commissioning
the air monitors AEP-5275.

2.8.3 Transportable Tritium-in-air Monitor, AEP-5270

The air flow system has been rearranged to
allow the two sampling ionization chambers to
operate close to ambient pressure as suggested in
the last report (PR-B-1G5). A suitable dual-
bellows pump is not available so separate pumps
are being used. This new arrangement is being
incorporated into a very substantial trolley that
will enable the monitor to withstand rough handling.

2.8.4 Portable Tritium-in-air Monitor, AEP-5215

The changes that appear desirable to this
portable monitor from experiences in the field and
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in manufacturing have been combined into a
revised design, designated AEP-5215A. The
main changes are as follows: The time constant
of the most sensitive range has been shortened
by reducing the feedback monitor in the electro-
meter by a factor of 5, adding a voltage gain of
5 to maintain the same output sensitivity. This,
in conjunction with increased meter damping,
reduces the settling time following selection c:
the most sensitive range to the order of a second.
Provision has been made for the addition of a
line-operated power supply. Finally, the aluminum
cha.-nbers are nickel plated, reducing the adsorption
of water and enabling the chambers to be soldered
to their mounting flanqes. The latter is advan-
tageous since we have found that some epcxy-sealed
units have cracked when thermally cycled, =llow:r..:
tritium to leak into the compensating ionizatior.
chamber.

2.8.5 Stack Monitor for Tritium, AEP-529 3

Most of the design for this high range stack
monitor (see report PR-B-1055 has been detailed,
using where possible, printed circuit boards and
components as used in other monitors. The single
ioni2ation chamber has been designed and assembler,
together with an electrometer identical to that
used in AEP-527Q which produces both a pulse output
(with rate proportional to ionization current) and
a linear analog output. A recorder output, dis-
playing the concentration of tritium in the stack
ever 9 decades will be derived from the logarithmic-
circuit designed for AEP-527Q. This is now be ma
tested. The integrated stack loss will be displayed
digitally; for this, the display drive board common
to AEP-5275 and AEP-5270 is being modified.

The complete monitor except for the ioniza-
tion chamber is being assembled into a standard
19" panel rack since mobility and size are not of
concern in this application.

2.9 ATMOSPHERIC DIFFHSION STUDIES - R.M. Holford

2.9.1 Processing ^f Argon-41 Data

All tno data from the meteorological study of
the disposal of argon-41 from the CRNL stacks
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between 1970 and 1973 when the G-20 computer was
used have now been consolidated on to a single
magnetic tape using an error-connecting code and
high efficiency blocking. Several parity errors
in the consolidated data have been found and dealt
with. The error-connecting code can, as predicted,
easily connect isolated errors, but unfortunately
errors may also be due to the later deletion or
insertion of characters while reading the tape.
In these cases which are few, although detection
is certain, correction is not a practical proposi-
tion. However, as it is necessary to keep a spare
copy of the data which would be needed in the event
of a major accident this is not a serious situation.

The first step in processing involves
subtraction of background levels and division by
the source term, i.e. the u1Ar output given by
monitors on the stack. A distinction must be
made between periods without Argon (background),
periods when JAr is present, and periods of instru-
ment malfunction. The obvious criterion to use is
the expected value of the background count, but
this is complicated by the fact that slow drifts
(probably electronic in origin) may occur in the
background level. A possible alternative criterion
is the variance of a group of successive readings.
This tends to be high when * *Ar is present due to
the random arrival of "puffs" of activity, while
an abnormally low variance suggests an instrumental
error of some sort. A related problem, elimination
of "wild" points such as high readings caused by
extraneous noise pulses such as lightning, is a
critical problem in this study because of the impor-
tance of the frequency of occurrence of high activity/
low probability events in distinguishing between
possible probability distribution functions.

2.9.2 Analysis of Argon-41 Data

The objective is an extension of the work of
P.J. Barry on "Stochastic Properties of Atmospheric
Diffusivity", AECL-5012, which shows from the data
from 1963 to 1968 that the observed values of
atmospheric dif fusivity (^Ar concentration at the
sampler divided by that of the stack) fit an
exponential distribution with an excess of zero
values.

Two different approaches to the problem of
finding an explanation for this distribution are
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possible. The first, used by Barry in his report,
seeks for an explanation based on the fine struc-
ture of the plume. The stream of activity released
from the stack is assumed to be randomly broken
into "puffs". With an exponential size distribu-
tion this type of explanation is plausible for
sampling intervals of a few minutes, since it
corresponds to the observed instantaneous structure
of smoke plumes, but wrsn sampling periods are
longer such fine structure is no longer observable
and an approximate continuous function is required.
The function almost universally used in the litera-
ture is a normal or Gaussian curve with its maximum
in the prevaling wind direction. Since the plume
can spread both horizontally and vertically two
separate standard deviations are required. In the
case considered here the peak concentration will
be inversely proportional to both standard devia-
tions and also inversely proportional to the wind
velocity. In practice peak values do not seem to
vary strongly with wind velocity, probably because
the width of the plume tends to decrease as the
wind velocity increases. Such a model cannot give
rise to the observed distribution exactly since
the concentration is mathematically non-zero for
any wind direction, but since the concentration
is effectively zero for dist; ;.ces from the main
axis of more than two or three standard deviations
it could probably provide an excellent fit in
practice. The problem with this approach is that
to test it one requires a knowledge of the proba-
bility distribution functions of the parameters
and while that of the wind velocity is fairly well
known, those of the standard deviations of the
vertical and horizontal distributions are not.

If an extension to the meteorological study
is undertaken it would be therefore useful to set
a number of detectors on the arc of a circle from
the stack. This would show whether the Gaussian
model was reasonable, and, if so, give estimates
of the parameters.

2.10 ROUTINE DOSE MONITORING - L.S. Larkin and R.M. Rondeau

2.10.1 Body Radiation Doses

In the fourteen week period ending May 23, 1975
and in the calendar year to this date there were
the following distributions of radiation exposure.
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Penetrating Radiation Doses - CRNL

Dose Range

rents

No radiation
less than 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

126
2619
97
19
4
-

Total
Dose

Man-rem

0
173.79
64.47
24.08
6.31

94 mrem

98 inrem

Calendar Year

No. of
monitored
persons

121
2539
146
41
16
2

Total
Dose

Man-rem

0
200.10
104.00
49.07
26.77
4.38

134 mrem

140 mrem

Penetrating Radiation Doses - CP

Dose Range
rems

Mo radiation
less than 0.49
0.50 - 0.99
1.00 - 1.49

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

19
205
5
-

Total
Dose

Man-rem

0
10.95
3.11
-

61 mrem

67 mrem

Calendar Year j

No. of
monitored
persons

15
208

5
1

Total !
Dose

Man-rem

0
16.90
3.68
1.07

95 mrem

101 mrem
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Penetrating Radiation Doses - PP

Oose Range
rems

iNo radiation
• less than 0.49
'0.50 - 0.99
1.50 - 1.99

j

|Average dose |
I per monitored
person

Fourteen Weeks

No. of
monitored
persons

;Average dose
|per exposed
person

135
13

Total
Dose

Man-rem

Calendar Year

No. of
monitored
persons

0
0.94

6 mrem

72 mrem

115
29
3
1

Total
Dose

Man-rern

0
1.82
1.73
1.56

34 mrem

155 mrem

Surface Radiation Doses - CRNL

Dose Range
• reins
!

No radiation
less than 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
6.00 - 6.49
6.50 - 6.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteer

No. of
monitored
persons

126
2535
144
39
12
5
2
1
-
1
-

128 i

133

L Weeks

Total
Dose

Man-rem

0
168.07
103.43
46.54
21.19
11.18
5.42
3.48
-
6.38
—

urem

mrem

Calendar Year

No. of
monitored
persons

121
2436
168
88
26
12
9
2
2
-
1

184

192

Total
Dose

Man-rem

0
183.32
122.29
106.73
43.97
26.50
23.77
6.21
7.35
-
6.93

mrem

mrem
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Surface Radiation Doses - CP

Dose Range
rems

No radiation
less than 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
201

7
2

Total
Dose

Man-rem

0
13.41
5.08
2.52

91 mrem

100 mrem

Calendar Year

No. of
monitored
persons

15
195
14
3

Total
Dose

Man-rem

0
17.31
9.84
3.57 !
3.61

150 mrem

160 mrem

Surface Radiation Doses - PP

Dose Range
rems

No radiation
less than 0.49
0.50 - 0.99
1.50 - 1.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen

No. of
monitored
persons

135
13

Weeks

Total
Dose

Man-rem

0
0.94

6 mrera

72 mrem

- - - i

Calendar Year

No. of
monitored
persons

115
29
3
1

Total
Dose

Man-rem

0
2.08
1.73
1.56

36 mrem

162 mrem
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The 600 mrem in two weeks administrative
control limit for whole body radiation dose was
exceeded on three occasions and the 1.6 rem in.
two weeks limit on surface radiation dose was
exceeded once at CRNL during the 14 week period.

2.10.2 Hand Radiation Doses

In the calendar year and the 14 week period
ending June 16, 1975 there were the following
distributions of extremity doses as measured by
finger tip TLD's.

less than 0.99 rems
1.00 -
2.00 -
4.00 -
6.00 -
8.00 -
10.00 -
15.00 -

1.99
3.99
5.99
7.99
9.99
14.99
19.99

CRNL

Calendar Fourteen
Year

102
8
10
5
1
1
1
1

Weeks

64
5
4
2
0
0
1
0

CP

Calendar
Year

15
q

3
1
2
1

Fourteen

F

Calendar
Weeks I Year

11 ! 10
o
3
1
1
0

2

P

Fourteen
Wee * 5

-



2.11 PUBLICATIONS

A.R. Jones - Application of Large Area Organic
Quenched Counters to Radiation Monitoring, IEEE
Transactions on Nuclear Science, NS22, p. 272,
February 1975.

A.R. Jones - A Personal Contamination Monitor Using
Large Area Geiger Counters, Health Physics 28,
p. 512, May 1975.

W.G. Cross and H. Ing - The Use of 237Np in Personal
Dosimeters for Fast Neutrons, Health Physics 28,
p. 511, May 1975.

R.V. Osborne - Methods for Measuring Tritium, Atomic
Energy of Canada Limited, Unpublished Internal
Report, CRNL-1178, August 1974.

R.V. Osborne - Central Tritium Monitor for CANDU
Nuclear Power Stations, IEEE Nuclear Science
Symposium and 14th Scintillation and Semiconductor
Counter Symposium, Washington, D.C., Dec. 1974,
IEEE Transactions on Nuclear Science Vol. NS22,
No. 1, p. 676-680, February 1975.

R.V. Osborne - Design of a Digital Logarithmic
Ratemeter Circuit, IEEE Transactions on Nuclear
Science, NS22, p. 1952-1957, June 1975.

2.12 VERBAL PRESENTATIONS

A.R. Jones - The Application of an Automated
Thermoluminescent Dosimeter System to Radiation
Dosimetry at Chalk River, CAP Congress, York
University, June 1975.

G. Cowper, Physics and Radiation Protection, CAP
Congress, York University, June 1975.
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ENVIRONMENTAL RESEARCH BRANCH

by

I.L. Ophel

3.1 Staff
3.2 Studies on Sub-Lethal Effects of Heated Water on Aquatic

Organisms
3.3 Beneficial Uses of Waste Heat
3.4 Aquatic Radioecology and Freshwater Biology

3.4.1 Excretion of Strontium and Calcium by Fish
3.4.2 Biological Half-Life of 60CO in Native Fish
3.4.3 Culture of Experimental Fish

3.5 St. Lawrence River Studies
3.6 Radiation Effects

3.6.1 Effects of Internally Deposited Radionuclides in
Fish on the Incipient Lethal Level of Dissolved
Oxygen

3.7 Perch Lake Studies
3.7.1 Evaporation
3.7.2 Chemistry

3.8 Atmospheric Diffusion Studies
3.9 Neutron Activation Analysis
3.10 Waste Management
3.11 Cooperation with Universities
3.12 Natural Deuterium Concentrations in the Vicinity of the

LaPrade Heavy Water Plant
3.13 Environmental Isotope Hydrology of Ground water Systems

3.13-1 East Side of Perch Lake Basin, CRNL
3.13.2 The Winnipeg Aquifer

3-14 Low-Li=vel Laboratory
3.15 Gamma Dose Rates at the CRNL Boundary
3.16 Off-Site Monitoring
3.17 Liquid Effluent Monitoring
3.13 Liquid Disposal Area
3.19 Tritium Survey
3.20 Survey Summary



3.21 Publications
3.22 Verbal Presentations

3.22.1 Presented Papers
3.22.2 Lectures or Seminars
3.22.3 Local Talks

3.23 invited Speakers

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

Branch Head -• I.L. Ophel

Environmental chemistry and Meteorology

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

Natural isotope Studies

R.M. Brown Assistants: C D . Fraser
E. Robertson

Biochemistry and Microbial Radioecology

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

Radiochemistry and Terrestrial Radioecology

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

Biology and Aquatic Radioecology

J.W. McMahon Assistants: A.E. Docherty

S-R. Gentner

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

Hydrology and Trace Element Analysis
W.F- Merritt Assistant: B.A. Risto

Secretarial

D.J. TerMarach

*D.R. Champ joined the Environmental Research Branch on
2 June, 1975.
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3.1 STAFF (cont'd)

Attached Staff

R.E. Jackson - With Hydrology Research Division, Envi-
ronment Canada, Ottawa, Ontario. Work-
ing intermittently on hydrogeochemistry
of Perch Lake basin with W.F. Merritt.

R.W.D. Killey - Arrived 20 June, 1975. Working under
research contract between AECL and Uni-
versity of Waterloo with W.F. Merritt.

T. Kumpuris - Graduate student from University of
Michigan on training program in Envi-
ronmental Research Branch from 2-20
June, 1975.

I. Suyama - Arrived 9 October, 1974 for approximately
one year from the National Institute of
Radiological Sciences, Chiba-shi, japan,
supported by a Japanese Government Fellow-
ship, working with I.L. Ophel.

Summer Students

Betz, M.A.A. - University of Toronto, working with J.W.
KcMahon, reported for work 5 May, 1975.

Cross, P.w. - Queen's University, working with W.F.
Merritt, reported for work 8 May, 1975.

Sharp, J.c. - McGill University, working with I.L.
Ophel, reported for work 12 May, 1975.

Tarn, Y-C. - McGill University, working with R.M.
Brown, reported for work 1 May, 1975.

Tellier, M.A. - University of Ottawa, working with J.W.
McMahon, reported for work 12 May, 1975.



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

Prior to startup of the heating facilities at
Maskinonge Lake, studies were carried out to assess the
impact on the planktonic organisms of water circulation
through the pump and heat exchanger. There was no ob-
vious effect from pumping on plankton structure, however,
the turbulence in the plastic enclosures, the increase
in suspended particulate material and the presence of
large numbers of the bottom-dwelling organism Chaoborus
necessitated the installation of intake and discharge
diffusers in the enclosures.

Within 24 hours following introduction of heated
water into the plastic enclosure the H2O temperature of
the upper 3 m was elevated 6 to 7°C above lake ambient
temperature and uniformly distributed through this re-
gion.

Carbon-14 primary productivity determinations fol-
lowing two days of heating showed carbon assimilation
values in the heated water three times greater than in
the control and lake samples from the same depth.

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

Nine species of unicellular and colonial algae,
obtained as pure cultures from Indiana university, are
being grown and maintained in Krause's medium. Exper-
iments on the effects of nutrient addition on the physi-
ology of these algae, when growing in Ottawa River water,
are being carried out using 1 4C. Of the nutrients tested,
phosphate appears to be essential for high productivity.

Growth curves for the algae are being determined.



3.4 AQUATIC RADIOECOLOGY AND FRESHWATER BIOLOGY

3.4.1 Excretion of Strontium and Calcium by Fish - I.L. Ophel
and J.M. Judd

An experiment dealing with the excretion of 85Sr
and 47 C a ^n fj,sh living in water containing fixed cal-
cium concentrations and variable Sr/ca ratios has been
completed. Six Sr/ca ratios from 0.1 to 12.0 were
used (Ca concentration = 10 mg Ca/f) and excretion of
both isotopes was measured from 0 to 2 5 days. Results
are now being analyzed.

3.4.2 Biological Half-Life of 60Co in Native Fish - I.L.
Ophel, J.M. Judd and J.C. Sharp

Several species of native fish (perch, bullhead,
sunfish, dace) collected from Perch Lake are being
used in a series of experiments *-.o study the biological
half-lives of 60Co in different kxids of fish. The
fish have accumulated 60 C o t r o m water containing the
isotope and are now in a free-flowing system and the
elimination of the isotopes is being followed in
individual fish by whole-body gamma counting.

3.4.3 Culture of Experimental Fish - I.L. ophel and J.C.
Sharp

Previous attempts to maintain a culture of Zebra
fish (Brachydanio rerio) were unsuccessful. It is
thought that the absence of live food in the diet was
probably responsible for this failure. Another attempt
is being made to rear these fish and will include the
maintenance of a live Daphnia culture to feed them.

A problem frequently encountered when bringing
native freshwater fish into the laboratory for experi-
mental use is that they readily succumb to diseases
most of which appear to be bacterial in origin. Vari-
ous treatment procedures, such as CuS04 and acetic
acid dips, dosage with tetracycline, penicillin, strep-
tomycin, etc., are being tried in an attempt to over-
corse this problem.



3." ST. LAWRENCE RP.'ER STUDIES - I.L. • phe 1

The group at the University of Trois-mvieres unaer
the direction of Professor G. vaillancourt has continued
its studies on the effect of the thermal effluent from
Gentiily Nuclear Generating Station on the biota cf the
St. Lawrence River. They have recently issued a report
entitled "Rapport Thermopol IV" which records the re-
sults of their contract research for the period May
19"~4 to April 1975. Their present studies are concerned
with the effect of the warm water on the productivity
of the aquatic vegetation downstream of the station.

3.-: RADIATION EFFECTS - I. Suyaroa. I.L. Ophel and J.y. juii

3.6.1 Effects of Internally Deposited Radipnuclides in Fish
on the Incipient Lethal Level of Dissolved oxygen

Some results are being obtained, but statistically
significant differences of resistance times have not
been observed between control (non-radioactive) snd
radioactive fish.

3.7 PERCH LAKE STUDIES - P.J. Barry

3.7.1 Evaporation

A new program to study evaporation processes has
started at Perch Lake in cooperation with the Hydro-
meteorology Research Section of the Atmospheric Envi-
ronment Service.

The Perch Lake evaporation study which just con-
cluded revealed deficiencies in the methods available
to us for estimating evaporation from lakes. These
methods, developed mostly empirically and in other parts
of the world need some modification to adapt them for
use in the Canadian climate. Thus while the earlier
study was intended to evaluate the available methods,
the new study is intended to improve their usefulness
in Canada.
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3.7.1 Evaporation (cont'd)

initially the study will concentrate on two tech-
niques — the use of evaporation pans and the use of
network data to simulate the energy balance of lakes.

Evaporation pans offer a reasonably cheap device
for use in a countrywide network, but they suffer from
two major defects, the energy balance of the pan differs
from that of a lake and the pans previously used at
Perch Lake gave evaporation estimates which varied with
location. During the earlier study one pan was immersed
in the lake water so that it might share the heat stored
in the lake. This was not successful and furthermore
the standard corrections applied to compensate for
energy exchanged between the air and the pan normally
exposed were not applicable. A number of experiments
are planned for this summer. These include measure-
ments of the radiation balance of a pan and the heat
transfer rates between water in the pan and that in
the lake. While three pans were used in the earlier
study, seven are now installed at the lake.

The most reliable estimates of lake evaporation
came from methods based on the energy balance. This
requires knowing both the net radiation energy input
and the change in lake heat storage. Both variables
are expensive to measure and are not included amongst
the measurements normally carried out at network stations.

The second program then, is to develop means for
estimating these two components of the energy balance
from standard synoptic observations. In the earlier
study only the net radiant energy input to the lake was
measured. The new program requires that the components
of the radiant energy balance at the surface be meas-
ured separately and related to the observed weather
conditions. The Atmospheric Environment Service have
supplied one Kipp Solarimeter to measure the incoming
short-wave radiation and this is now operating. Another
is on order by CRNL and this will be used to measure
the short-wave radiation reflected from the surface.



3.7.1 Evaporation (cont'd)

Other instruments to measure the long-wave components
will follow.

The instrumentation used to observe the heat stor-
age changes in the lake have been considerably improved
with vertical temperature measurements now recorded
continuously in three locations instead of the one pre-
viously- The problem before was that horizontal trans-
fer of heat into the eolurcn often exceeded the vertical
transfer and the errors in the estimates of heat stor-
age changes in the lake led to serious errors in the
daily evaporation estimates. The new arrangement of
horizontal sampling has done much to improve the esti-
mates of daily evaporation and it has proved possible
on occasions to estimate evaporation over intervals
shorter than a day. In addition a portable manually
operated device is available with which temperature
soundings can be taken in different parts of the lake
and can also be used to fill in when the recording
equipment is inoperable — a persistent source of gaps
in the daily data during the earlier study.

3.7.2 Chemistry

The material belances of a selection of cations
and anions for the lake has just been started. This
involves measuring the input and output rates of the
selected species in surface and sub-surface flows and
precipitation together with monitoring the changes in
amounts stored in the lake water, sediments and biota.
The ultimate objective of this program is to try to find
out from observations on the stable analogues or near
analogues more about the long-term environmental trans-
fer functions applicable to the longer-lived radionu-
clides. An important part of this study will be in-
terpreting the sedimentary record to discover how
hydrologic and climatologic events in the past have
affected the chemical processes occurring in the Perch
Lake system.



3.8 ATMOSPHERIC DIFFUSION STUDIES - P.J. Barry

41
Routine observations on the diffusion of Ar from

the main stack together with associated meteorological
variables continued during the period.

3-9 NEUTRON ACTIVATION ANALYSIS -W.F. Merritt

Analysis of precipitation samples collected during
1974 has been completed. St. Lawrence River water sam-
ples collected off Gentilly during high and low water
conditions are being analyzed. Standards have been pre-
pared and irradiated for most of the elements routinely
determined.

3.10 WASTE MANAGEMENT - W.F. Merritt and B.A. Risto

The deep plume from the 1955 experimental disposal
of chemical waste in "A" Disposal Area has been delineated.

3.11 COOPERATION WITH UNIVERSITIES - W.F. Merritt

The University of Waterloo held a successful hydro-
geology field school in the Perch Lake basin 6-11 May,
1975. Twelve students and three observers participated.
CRNL personnel demonstrated such techniques as wash
boring, soil and ground water sampling, and point dilu-
tion determination of ground water velocity. It has
been proposed to hold the school annually on a larger
and more formal basis.

3.12 NATURAL DEUTERIUM CONCENTRATIONS IN THE VICINITY OF THE
LAPRADE HEAVY WATER PLANT - R.M. Brown

Concentrations of deuterium in waters near the
Gentilly Nuclear Generating Station during the period
December 1974 to May 1975 have been measured. Unfor-
tunately, ice conditions prevented sampling of the St.



3.12 NATURAL DEUTERIUM CONCENTRATIONS IN THE VICINITY OF THL
LAPRADE HEAVY WATER PLANT (cont'd)

Lawrence River directly from the end of November to the
end of April. As an alternative the intake water of the
G-l reactor was sampled during this period.

Oxygen-18/16 ratios of the samples of 21 March,
18 April and 2 May, measured by P. Fritz, university of
Waterloo, varied in the same manner as the D/D+H ratios,
confirming the validity of the deuterium analyses. How-
ever, the low concentrations of March and April may not
be representative of the offshore waters because warm
process water, recycled into the intake bay to keep it
ice-free, may have melted significant amounts of local
snow and ice of low deuterium content.

3.13 ENVIRONMENTAL ISOTOPE HYDROLOGY OP GROUND WATER SYSTEMS -
R.M. Brown and C D . Fraser

3.13.1 East Side of Perch Lake Basin, CRNL

Sampling and analysis for tritium, deuterium and
0 content of waters from piezometers in this area has

continued in a study of the infiltration process. The
relationship of the tritium content of fresh vegetation
to that of atmospheric and soil moisture is being studied
also.

3.13.2 The Winnipeg Aquifer

An extensive study of 0 ratios of ground wa-
ters used for water supply in the city of Winnipeg has
been reported by P. Fritz and co-workers ("Isotope Tech-
niques in Ground Water Hydrology", I?V£A Symposium 1974).
This study has been extended by deuterium and tritium
measurements performed at CRNL. Deuterium variations
have confirmed the regional patterns observed for ^ 0
and the unusually low content of heavy isotopes in wa-
ters coming from south of Winnipeg. Tritium in some
waters of low *-*c content indicates that recent water
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3.13.2 The Winnipeg Aquifer (cont'd)

is being drawn into aquifers that have been inactive for
long periods in the past, presumably as a result of with-
drawal at Winnipeg in recent years.

3.14 LOW-LEVEL LABORATORY - R.M. Brown

Construction of the new Low-Level Laboratory at the
Outer Gate of CRNL property was completed in April 1975.
The Medical Research Branch and the Environmental Re-
search Branch share this building for whole body count-
ing and low-level radiochemistry respectively- The
Environmental Research Branch has two laboratories for
radiochemical preparatory work and a counting room
shielded with 0.5 m of concrete made of low activity ce-
ment and dolomite aggregate. The liquid scintillation
counter used for low-level trititan measuremente has a
background of 2.3 c/m in the shielded room compared to
a best value of 4.3 c/m in its former location in the
Biology and Health Physics Building 513, and is no longer
subject to erratic background elevations by ^ A r from
the reactor stack. Additional shielding over the en-
trance part of the counter, which reduced the background
from 6.5 to 4.3 c/m in Building 513, has no effect within
the shielded room.

3.15 GAMMA DOSE RATES AT THE CRNL BOUNDARY - W.E. Grumtnitt

TLDs placed at the perimeter of the CRNL exclusion
area are used to measure mean dose rates and the annual
integrated dose. Results for 1974 and for the first
quarter of 1975 give the sum of contributions from CRNL
and natural gamma radiation. Values are lower during
the winter months because of shielding of the terrestrial
component by the snow cover.



3.15 GAMMA DOSE RATES AT THE CRNL BOUNDARY (cont'd)

TLD Gamma Dose

Location
(See Figure 3)

1

2

3

4

5

6

7

8

13

Deep River

Rates in Public
(uR/h)

First Quarter
1975

11.6

4.7

3.5

4.2

2.8

3.7

6.5

8.4

7.9

4.7

Area*

1
1974

Average l

11.6

6.6 |

5.0

6.3
1

5.2 i

4.3 I

8.9 |

9.6

9.6

6.6

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

3.16 OFF-SITE MONITORING - W.E. Grummitt

Precipitation samples collected from the area
around the Nuclear Power Development (NPD) station,
Rolp^fcon, and from Deep River were analyzed radio-
chemically for ^Sr and spectrometrically for -"7Cs
and other gamma emitters. Monthly composite samples
of water from the Ottawa River, collected at Rolphton,
Beep River and Pembroke, were also analyzed for gamma
emitting nuclides, tritium and 90Sr. Gamma ray
spectrometry is being used wherever possible, elimi-
nating radiochemical separation of elements other than
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3.16 OFF-SITE MONITORING (cont'd)

strontium, sulphur, phosphorus and plutonium. The re-
sults are shown in Figure 1. The main source of acti-
vity in these samples continues to be weapons' fallout.

3.17 LIQUID EFFLUENT MONITORING - W.E. Grummitt

At CRNL, four liquid effluent streams discharge
radioactivity to the river from the Inner Area. They
are the Process and Sanitary Sewers plus the 04 Storm
Sewer and 04A Seepage Drain. Each of these is sampled
regularly and is analyzed for individual nuclides.
The mean daily releases from the Process sewer are given
in the table for the first quarter of 1975- Most of the
radionuclides are now measured by gamma ray spectrometry.

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

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



3.17 LIQUID EFFLUENT MONITORING (cont'd)

Mean Daily Release from the process Sever
(jnCi/day)

Rad ionuc1ide s

°Sr
137

Cs

144,,Ce

1O6RU

140Ba

1 3 1I

2 39M

Np

Zr

54
Mn

46,.Sc

59,
Pe

65,,Zn

60Co

Daily Release

0.9

2.4

1.9

0.0

3.7

4.2

82.8

1.7

5.7

14.4

8.1

15.5

1.2
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3.18 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 Sr, " g a na
3H as well as quarterly for gamma-emitting radionuclides
Strontium-90, 60Co and % are still the main contami-
nants in the Perch Lake basin.

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

Average concentrations of tritium in streams with-
in the exclusion area are given in the table together
with the amount released during the first quarter of
1975.

Tritium in Streams in the Exclusion Area

Process Sewer

Sanitary sewer

04 Storm Sewer

04 A (building
610 drainage)

Perch Creek

Duke Stream*

First Quarter 1975

Concentration
p.CiA

0.11

0.71

0.001

0.72

0.23

3.6

Quarterly
Release
Curies

920

30

0.5

3

77

77

1974
Total
Curies

3490

15

2

19

785

302

*Duke Stream discharges into Maskinonge Lake; all other
streams flow directly to the Ottawa River.
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3.2 0 SURVEY SUMMARY - K.E. Grummitt

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

3.21 PUBLICAT IONS

Barry, P.J. and P. Entwistle - "Tritium in lower Perch
Lake basin." AECL-5039.

Champ, D.R. and M. Gold - ABSTRACT "Deoxyribonucleases
of Escherichia coli". p. 159 in Proc. of the Cana-
dian Federation of Biological Societies. Vol. 19.
University of Manitoba, Winnipeg, Manitoba.

McMahon, J.W. and A.E. Docherty - "Effects of heat en-
richment on species succession and primary produc-
tion in fresh-water plankton, pp. 529-546 in
Environmental Effects of Cooling Systems at Nu-
clear Power Plants. IAEA, Vienna, Austria.
[AECL-5167]

Merritt, W.F. - "variation in trace element concentra-
tions along the length of the Ottawa River".
Can. J. Earth Sci. 12(5): 850-857. [AECL-5078]

3.22 VERBAL PRESENTATIONS

3.22.1 Presented Papers

Champ, D.R. and M. Gold - "New endonucleases in Escheri-
chia coli". Presented at 18th Annual meeting of
the Canadian Federation of Biological Societies,
University of Manitoba, Winnipeg, Manitoba, 24-27
June, 1975.

Grummitt, W.E. - "Transfer of cobalt-60 to plants from
contaminated soils". Presented at Fourth National
Symposium on Radioecology, Corvallis, Oregon, 12-14
May, 1975. [To be printed in proceedings]



3.22-1 Presented Papers (cont'd)

Merritt, W.F., R.E. Jackson and J.P. Pickens - "Migra-
tion of ^ S r and ^3^Cs in a shallow, groundwater
flow system". Presented at Waterloo '75, Geologi-
cal Association of Canada Joint Annual Meeting,
University of Waterloo, Waterloo, Ontario, 15-17
May, 1975. [To be printed in proceedings]

Ophel, I.L. and J.M. Judd - "Effect of food cc*nposition
on the accumulation by fish of strontium and calcium
from food and water". Presented at Fourth National
Symposium on Radioecology, Corvallis, Oregon, 12-14
May, 1975. [To be printed in proceedings]

3.22.2 Lectures or seminars

Ophel, I.L. - "Research programs of the Environmental
Research Branch related to the nuclear power pro-
gram". Presented to the Environmental Research
Branch, WNRE, Pinawa, 6 May, 1975.

3.22.3 Local Talks

Barry, P.J. - "Environmental studies at Perch Lake".
Presented at Summer Student Guides Training Pro-
gram, CRNL, 13 May, 1975.

Brown, R.M. - "Tritium and deuterium in general natural
waters". Presented at Summer Student Guides Train-
in Program, CRNL, 13 May, 1975.

Merritt, W.F. - "Monitoring the Outer Area at CRNL".
Presented at Summer student Guides Training Pro-
gram, CRNL, 13 May, 1975.

McMahon, J.w. - "Radioecology research program in Envi-
ronmental Research Branch". Presented at Summer
Student Guides Training program, CRNL, 13 May, 1975.
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3.22.3 Local Talks (cont'd)

McMahon, J.W. - "Animals in teacups — a glimpse at the
microscopic plants and animals in lake waters".
Presented at Keys Senior Public School, Deep River,
Ontario, 20 June, 1975.

Ophel, I.L. - "Is Lake Erie dead?" Presented at Keys
Senior Public School, Deep River, Ontario, 26 y.ay,
1975.

3.2 3 INVITED SPEAKERS

Dr. J.D. Campbell, University of Manitoba, Winnipeg,
Manitoba - "Growing plants under protection in
Northern Canada", 9 April, 1975.

Dr. G. Szeicz, Department of Geography, University of
Toronto, Toronto, Ontario - "Atmosphere, vegetation
and gaseous wastes", 21 May, 1975.
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Figure 1. Ottawa river water.
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POPULATION R F S F A P C H hi A;, e l !

by

Howard B. Newtoir.be

4 . 1 Staff

4 . 2 A n n s of the Branch

TUMOUH INOUCTION IN MAMMA L!-

4 . 3 Additivt- ver sus mult ip l icat ive effects in r ad i a t ion c.-.ri S-UJI: r

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

INFORMATION SOURCES

4.4 Organization of birth and marriage records

4.5 Linking ill-health records for children to birth summary rec

4.6 Linking ill-health records into individual health histories

4.7 Ascertainment of congenital malfor mat ions through hospital
records

4.8 Maternal irradiation and Down's syndrome

4.9 AECL-UBC collaborative record linkage project

4.10 Collaboration with outside agencies

4.11 . Publications
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4.1 STAFF

Branch Head - H.b . N'-wcombe

Hereditary changes and tuir.oar induction in vertebrates

Assistant - ' .F. McGregor

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

M.F.. Smith

Secretarial - B.L. Phillips

Summer Students

K.M. Agnew, Carleton University, working with
H.B. Newcombe and M.E. Smith, reported for work 28 April.

D.S. Hardy, University of Guelph, working with
H.B. Newcombe and J . F . McGregor, reported for work 5 May.

A.L AIMS OF THE BRANCH

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



T I'MOUR INDUCT IQK IN MAĴ IMAi £

4. i ADDITIVE VERSUS MULTIPLICATIVE EFFECTS IN RADIATiQ!:
CAPCINOGENESIS - H.B. Newcombe and J . F . McGregor

An experiment with 30 albino rats was begun in August 1974
to determine whether Cigarette tar when applied to the skins of r.:t=
following an exposure to 1600 rads of beta rays would result in th •
development or more tumours than would be caused by the radiation
alone. The results shovved a 3-fold increase (p = 0.006) in the num-
ber of skin tumours when the irradiation was followed by 72 applica-
tions of 40°̂  tar in acetone over a 24-week period. Since similar
applications of cigarette tar alone failed to cause any tumour = , the
observed effects in combination with the radiation may be regarded
as indicating a tumour-promoting activity of the cigarette tar.
This finding has been submitted to the Journal of the National Cancer
Institute for publication, and the experiment is being repeated on a
larger scale, using four times as many animals.

A dye compound, 2-anthramine, that is known to induce
skin tumours in rats and which is rel ated to the carcinogenic
amines causing occupational cancer in man, was tested for its
ability to produce skin tumours in 30 albino rats of the Charles
River CD strain. The test was carried out as part of a large-scale
study on synergism between radiation and chemical carcinogens
found in the environment (see PR-B-104). All 30 animals in this
test died within 6 months of commencement of treatment, and
post-mortem examinations revealed that death was due to anthra-
mine toxicity. Nonetheless, benign tumours were observed among
three animals receiving 1% anthramine, and among nine animals
given 0.5% anthramine ( i .e . over about 16 sq.cm). A repeat
experiment is underway in which the amount of 2-anthramine is
limited by reducing the concentration to 0.25% and the exposed area
to about 4 sq.cm.

Analysis of data from the early phase of the study of
possible synergism between radiation and cigarette tar (see
PR-B-104) is continuing.
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METHODS FOR DERIVING HUMAN DATA ON
DISEASES LIKELY TO BE INCREASED BY
IRRADIATION - - DEVELOPMENT OF THE

INFORMATION SOURCES

4.4 ORGANIZATION OF BIRTH AND MARRIAGE RECORDS
H.B. Newcombe and M.E. Smith

Nothing to report.

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

A computer program was written to check 1961-70
British Columbia hospital name and statistic card records to
ensure that duplicate entries and those containing recognizable
keypunch errors were removed. The name and statistic punch
card images were then merged using the event year, hospital code,
and registration number common on both sorts of cards. A com-
plete 4-v.ord ill-health summary file of about 324,000 records
was then prepared relating to 1961-70 hospitalizations, 1952-72
handicaps, 1946-70 deaths, and 1964-72 surveillance records.

A sample file corresponding to about 10% of the ill-health
records was prepared for the purpose of developing methods for
linkage of 4-word ill-health records to 3-word birth summaries.
Several tests have been made using this sample file. Manual
checking is currently being carried out to evaluate refinements
made in the rules employed for linkage and to determine the num-
bers of false linkages and of failures to link.

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

Because the formats and coding techniques used for
British Columbia records have varied over the years, some
standardization is required before all ill-health records can be
inter-filed. An "extended" ill-health format was designed earlier
containing information obtained from the name and statistical
punch card entries for the ill-health event, the birth record of the
individual, and from the record to which the entry has been linked.
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4 . '• i ont i

F o r m e r compu te r p r o g r a m s , which were used »o c r e a t e th<-*<'
extended fo rmat r e c o r d s , have b<>en modified to include s o n v
additional informat ion . For ex :»mple, a n»-w a - t io i jgy and con-
genital m a l f o r m a t i o n codr-b wer>- added ••> t h^ h-ind;c-ip and s u r -
vei l lance r e c o r d s . C ros s - r e fe r enc :ng inf u n : iation ha.-; biv>-r. acid
to death r e c o r d s where an-' .ndment.-, such .is changes in >:rn-tr.

spell ing, have occur red re su l t ing in m o r e than one record foi ;.-.
pa r t i cu la r even t . This cross-r<:-ferencir.e information c o n - s ' s
a double Soundex. code for the individual, and ••rabies one ••> loc •;
all e n t r i e s for a death ev<-n1 wh.-n the fi!.= a rc ~<-qut.-nc ed LT. orr..

of this phonetic code pa i r .

4 . 7 ASCERTAINMENT OF CONGENITAL MALFORMATIONS TKPOU H
HOSPITAL RECORDS - M.E. Smith and H . B . Newcombe

Nothing to r e p o r t .

4 . 8 MATERNAL IRRADIATION AND DOWN'S SYNDROME

B.K. T r i m b l e

Nothing to r e p o r t .

4.9 AECL-UBC COLLABORATIVE RECORD LINKAHF PROJECT

Simple dominant diseases would likely increase promptly
(i.e. over just a few generations) and in direct proportions to a
radiation-induced increase in the mutation rate. Previous estimates
of the risk to human health from simple dominant diseases are at
least ten times higher than those obtained by Dr. B.K. Trimble
using the British Columbia Registry of Handicapped Children and
Adults and the congenital anomaly surveillance files. Some further
study of the individual records having single gene diseases were
required.

The handicap registry and surveillance files were scanned,
and all individuals having diseases due to single genes were copied
onto a separate file. Tabulations were prepared, broken down
by birth year and birth province, of all children having dominant,
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4. ') continued

recessive, and sex-linked diseases. Analysis of these tables
has been started.

4. 10 COLLABORATION WITH OUTSIDE AGENCIES

Nothing to report.

4.11 PUBLICATIONS

Ne*combe, H.B. and B.K. Trimble - Criteria for
automatic record linkage, Part I. Identifying
the people. Jour. Clinical Computing 4,
205-214 (1975). AECL-4990

Trimble, B.K. and H.B. Newcombe - Criteria for
automatic record linkage, Part II. A pro-
duct of linkage. Jour. Clinical Cornputing 4,
215-226 (1975). AECL-4846

Newcombe, H.B. and J .F . McGregor - Dose-response
relationships for the production of body mal-
formations in trout by exposure of sperm to
low doses of radiation. Radiation Research 61^
519-525(1975). AECL-5043
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IiIO!.("> V ' ' R A N C H

by

W . K . Bcld-Ain

5. 1 STAFF il April to 30 Jur.c, 1975i

BIOCHEMISTRY AND MOl^CfLAR BIOLOGY

6. I. Study of Poiypyrirridines in DNA from Elukaryi'-'tes

6. 1 Radiation-induced Tumors in Rats

5. 4 Radiosensitivity of Micrococcus radiud-jirans to lociine-iZS

5. 5 Effects of Ultraviolet Radiation on the DNA'Membranc Complex

from E. Colt

6. 6 Effects of X-radia?:on on Budr-Substituted and or, Wild-Type

Bacteriophage

5. 7 Ionizing Radiation Damage to Bacterial Cell Walls

5. H Repair of DNA Strand Breaks in Micrococcus radiodurans

5. 9 Absence of Photoenzymatic Repair in Human Diploid Fibroblasts

GENETICS. DEVELOPMENT AND
POPULATION STUDIES

5. 10 Polyacrylamide Gel Electrophoresis of intact Bacteriophage
T4 Particles

5. 11 Mutants of Bacteriophage T4 Unable to Grow on Streptomycin

Resistant Strains of Escherichia Coli

5. 12 Radiation Genetics in Insects - Dahlborninus

5. 13 Radiation Studies on Biting Flies



PUBLICATIONS

VERBAL PRESEN TAIIONS

5. 15. 1 Presented papers

5. IS. Z Local talks

INVITED SPEAKERS
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S. i Si AFh

Branch Head - W. F. Baldwin

B1OCHEMISIRY AND MOLiCCULAJt ii

KNA Molecules
H. C. liirnbmm Assistar,: J. V.. Oat ror-.

Radiation Biochemistry
D. K- Myers Assistant L. D. Jonns;.;-,

Kepatr of DNA tn Bacteria

R. E. J. Mitchel Assistan' i-.. M. hairc

Enzymatic Repair of Radiation Damage
N. E. Centner Assistant M. M Werner

DNA Repair in Cultivated Animal Cells

M. C. Paterson Assistant B. P. Smith

P. H. M. Lohman 5

DNA Replication and Repair in Fungi
P. Unrau4- Assistant C. E. Grant

GENETICS. DEVELOPMENT AND
POPULATION STUDIES

Radiation Repair in Insects
W. F. Baldwin Assistants G. D. Chant

P. A. Knight
A. G. Knight

Bacteriophage T4 Genetics
J. D. Childs Assistant L. A. Chant

Secretarial
C. Walters3

Visiting Scientist from Medical Biological Laboratory TNO, Rijswijk, Z. H. ,
The Netherlands, for a three-month period starting 18 April, 19 75.

2P. Unrau joined the Biology Branch on 2 June, 1975 from Medical Research
Council, National Institute for Medical Research, London, England.

C. Walters joined the Biology Branch on 1 April, 1975.
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Laboratory Attendants
M. A. Jones, B. Ruhnke4 and R. M. Bechamp

Staff Changes
D. R. Ezeard, a Laboratory Attendant in the Animal House,

terminated on 15 April, 1975.

Summer Students

Miss Anne K. Anderson, University of Waterloo, working with
M. C. Paterson, reported for work on 28 April, 1975.

Miss Colleen A. Gibney, University of Saskatchewan, working with
J. D. Childs, reported for work on 28 April, 1975.

Mr. Robert J. Sebastien, University of Guelph, working with
W. F. Baldwin, reported for work on 1 May, 1975.

Miss Perlita M. S. Landel, University of Ottawa, working with
R. E. J. Mitchel, reported for work on 5 May, 1975.

Miss Karen L. Koyanagi, University of British Columbia, working with
J. D. Childs, reported for work on 8 May, 1975.

Miss Hilary C. McCormack, University of Western Ontario, working
with R. E. J. Mitchel, reported for work on 8 May, 1975.

Miss Arlene P. Capricci, McGill University, working with N. E. Centner,
reported for work on 9 May, 1975.

Miss Leona Fishman, McGill University, working with M. C. Paterson,
reported for work on 12 May, 1975.

Mr Alan D. Steljes, McGill University, working with D. K. Myers,
reported for work on 12 May, 1975.

Miss Leanne E. Cupp, Oberlin College, Ohio, working with H. C. Birnboim,
reported for work on 2 June, 1975.

B. Ruhnke joined the Biology Branch as a full-time employee, from
short-term, on 2 May, 1975.
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S. 1 STIDY OF P O L Y P Y R I M I I J I N E S IN DNA Fi'OV! F U i \h\-YO 'I F_-
H. C. Birnboirr,, J. M. Ostron: , '". F. Grant and L^-anne C ^uw

We have continued our inves ' iga i i^n >>i L><,ivpvr rr,:r i rit?

sequences in eukaryot ic DNA. They ^ave now beer. id«-nt 11 :»•-<•:
in DNA f rom o r g a n s of whole aMn-.ais i n c e i and their i^-.i--

r o m p o s i t i o n has been d e t e r m i n e d : they contain near ly eqii i:v.i -.'.\r
amounts of cy tos ine and thv rmne bases . Th«- s ize o! u ••• '."py r i n ';

isolated f rom unlabel ied a n i m a l DNA is very s i m i l a r '.•.. .a; «-:,. <:

po lypy r i r r i d ine s isola ted f rom cuiturefi mouse I , -ce l l s . "I:.L-
was d e t e r m i n e d by labell ing pu iypynn i id ines v.itr. ' ~ 1. ar,'.
c o m p a r i n g t h e i r mobility' durir.t: polyacrylarr-r lo ^ei eie r • r •: r: r>-
with H- thymid ine polypyr imid ines from rul ts i red ceii~. ' ' r ,,-t L,-*'-.
p o l y p y r i m i d i n e s w e r e found to act a s t empla t e for E. coli FNA
p o l y r n e r a s e if the t e m p e r a t u r e was lowered to 16°: th<j

c o m p l e m e n t a r y RNA which is made conta ins oniv adenine anc!
guanine nuc leo t ides . A f ingerpr in t pa t t e rn of the RNA was
obtained by diges t ing it e i t h e r with Tl RNase (whirh c ieaves o-
guanine r e s i d u e s ) or with T«i RNase after r e a c t i n g with glvoxai.
A s e r i e s of o l igonucleo t ides of the form (Apl Gp was obtamec
after Tl R N a s e digest ion and a s e r i e s , (Gpi Ap, was oSta mec
after g l y o x a l - T 2 RKase d iges t ion . Both p a t t e r n s sugges" ?ha:
the s equence con 'p lexi ty of polvp%Timidines in g r e a t e r than ' ha :
of some s a t e l l i t e DNAs, but l e s s complex than rar.don; A. i"i
polymers.

Torne miormation about the genon.ic distribution of
polypyrimidines has also been obtained. Denatured mouse DNA
was annealed -with a purine polynucleotide under conditions
which permitted it to be complexed at poiypyrimidine sites
only. DNA-polypurine complexes will bind to hydroxyapatue
under conditions where denatured DNA alone will not. By
this method, DNA fragments bearing polypyrimidines can be
separated from DNA fragments which do not. The majority of
DNA fragments larger than about 6000 nucleotides in length
contain a polypyrimidine. This experiment reveals that
polypyrimidines are widely distributed throughout most of the
genome, spaced at intervals of approximately 6000 nucleotides.



RAIMA! ION-INIHCEI) H'MORS IN RATS

D. K. Mvers and !.. D. Johnson

Nothing to report.

RADIOSENSITIVITY OF MICROCOCCUS RAD1QDUKANS IP
IOD1NE-12S -
D. K. Mvers ar.ci L, D. Johnson

Wild-type M. radiodurans has accumulated up to 8000
'""I disintegrations per colony-forming unit without appreciable
loss of cell viabilitv. Assuming ! double strand break tn the
DNA per disintegration and an average of 4 cells per colony-
farming unit, this is equivalent to 2000 double strand breaks
per genome. The X-ray sensitive mutant L'V 17 is also
more sensitive to the lethal effects of '^^l incorporated into the
DKA; 1500 disintegrations per colony-forming unit reduces
survival of the strain to less than 1%. We are currently
correlating these results with the ability of these two strains
to renair double strand breaks in their DNA,

EFFECTS CF ULTRAVIOLET RADIATION ON THE DNA -
MEMBRANE COMPLEX FROM E. COLi -
D. }'.. Myers and A. Steljes

Rf-rent data from other laboratories have suggested that
;hf lethal etfects of ultraviolet radiation in E. coti are due
to double strand breaks produced in the DNA during excision
repair of pyrimidme dimers. Current studies are directed to
a study of the effects of ultraviolet light on the DNA-membrane
complex in E. coii. One might expect to see DNA liberated from
this complex during repair owing to the formation of double -
strand breaks; in addition, the ultraviolet radiation may have
more direct effects upon the membrane association in addition
to its effects upon the DNA, Preliminary evidence for
dissociation of the DNA-membrane complex by ultraviolet
radiation has already been obtained. We intend to explore the
relationship of this process to repair and cell survival.



EHEC1S Or" X-RAD1AT1ON ON BTDR -SU HS'I II !' 1 YAJ AM ON
WILD-'IYPE HACTERIOPHAGE -
J. Childs and D. K. Myers

It is known that cells or bacteriophage hecorr.t- more
sensitive to X-radiation when thyrr.iriine residues are replaced
by bromodeoxyuridine (BUDR) in their DNA. A contributory
factor might be the high LET Auger electrons produced
specifically by absorption of 14 kV radiation by the bromine
atoms, !n order to test this possibility, one strain of T4
phage was grown in the presence of brorr.ouracil and labelled
with tritium while a second strain of the same phage was growr
m the absence of bromouracii and labelled with carbon-14. 1 he
iwo strains were then mixed and irradiated together tn the ssnv
solution to avoid any problems with minor errors in dosirr.etry.
By selection on appropriate hosts, the survival of the two
strains could be measured sepaiately while the dual labelling
enabled us to measure double strand breaks in the DNA of the
two phages. Irradiations were carried out with a cobalt-60
gamma source and with a 25 kV X-ray tube for which a
germanium filter was supplied by A. R. Jones to provide 14 kV
X-rays. When irradiated in buffered saline, the BUDR-phagc
was somewhat more sensitive than the normal phage: however.
the increase in sensitivity was very similar whether using
gamma radiation or !4 kV X-radiation. We are currently
attempting to correlate phage survival with double-strand
breaks in the DNA. There is some preliminary evidence for
a more marked increase in the number of double strand breaks
produced in BUDR -phage by 14 kV X-radiation than by the
gamma radiation.

5. 7 IONIZING RADIATION DAMAGE TO BACTERIAL CELL WALLS
R. E. J. Mitchel and K. M. Baird

Investigations are continuing into the ionizing radiation-
induced release of protein and polysaccharide components of
the cell wall of Micrococcus radiodurans. The mechanism of
release of the polysaccharide material was investigated using
free radical scavet^**'!. in a method analagous to that previously
described in the study of the cell wall protein. It has now been
shown that OH* radicals generated in the surrounding water are
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responsible for the release of the polysaccharide as well as the
•jrotein. Oxygen protects the cell from loss of these polysaccharides
viit this effect does not appear to be due to scavenging of hydrogen
atoms or aqueous electrons. The oxygen may be acting by
repairing free radicals generated in cell components by OH' .

The major polysacchande released is a polymer of glucose
and N-acylated glucosamine, and originates from the middle
lipid-rich cell wall layer, the site of origin of many of the
-y-radiation rele i proteins. This polysaccharide exists as
an N-acylated c r in the cell wall and there is no detectable
change of these irnu.o substituents after release. However, the
ionizing radiation-mciuced loss of this polymer from the cell
does cause an alteration in its size, with higher doses releasing
material of lower molecular weight. This degradatijn apparently
results from a non-enzymatic process occurring prior to
release.

5. 8 REPAIR OF DNA STRAND BREAKS IN M1CROCOCCUS
RADIODURANS -
N. E. Gentner and M. M. Werner

We have been concentrating on the formation of DNA
strand breaks in UV-irradiated tviicrococcus radiodurans,
and on the subsequent repair of such breaks, in order to
study the presumed lesion-recognizing incision step and other
aspects of repair in this extremely radiation-resistant
bacterium.

1) DNA strand breaks in UV-irradiated cells.

DNA strand breaks are found after exposure of cells to
UV-irradiatio-. The number of breaks is linearly related to
the UV exposure given. In normal cells, the greatest number
of breaks are evident immediately after irradiation. On
subsequent incubation in the growth medium required for
recovery, restitution to control molecular weight values occurs.
The number of breaks suggests that endonucleolytic incisions
in the vicinity of UV lesions may not be the rate-limiting step
in repair of UV-damage in M. radiodurans.
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I h e r a d i a t i o n - s e n s i t i v e , r e p a i r - de l ic len t n - . ^ r . ; i ' \ . .
s h o w s a m u c h h i g h e r n u m b e r of b r e a d s l o r j . g iv^r . '._: Y eX^UBU-•-•_-
than does wild-type. After highly l<nha! exposures, ihe sir&nri
hsreaks are not repaired.

These experiments predict that DNA doutjic strand brea t ;

will be found in IV-irradiated ceils, and that the nurrber •

ihese will be considerably greater in the repair-dff\r ir-n1 nviun'

L'V-17. The number of double strand breaks would ;,..- vxpe.. •*--.:

to increase on post-irradiation incubation, as excision proctras

at the incision points.

l\ Strand break repair does not occur in heat-treated c*jl! = .

M. radiodurans cells exposed to a sub-lethal heat trpatriont

(HT) are sensitized to inactivation by UV- and \-irradiation.

This sensitization has now been observed in the absence of any

induction of strand breaks by the HT itself. Repair of

ionizing radiation-induced strand breaks does not proceed in

such cells. We have now examined the response of such HT

cells with regard to UV-induced strand breaks: (i) the HT cells

have fewer breaks than normal after a given UV exposure,

possibly due to inactivation of endonuclease by the HT, making

it rate-limiting; (ii) on incubation of HT cells, the number of

breaks increases and approaches that in normal cells; this

increase is not observed in normal cells and may reflect the

increased time available for incision by a limited number of

endonuclease molecules in HT cells; (iii) the repair of UV-induced

breaks does not occur in HT cells; such repair appears to be

required for survival.

5. 9 ABSENCE OF PHOTOENZYMATIC REPAIR IN HUMAN DIPL.OID

FIBROBLASTS -

M. C. Paterson and B. P. Smith

The ultraviolet (UV) component of sunlight induces skin

cancer in man, which in the classic case of patients suffering

from the skin disease xeroderma pigmentosum (XP) often

eventuates in death before puberty. Insight into the molecular

basis for UV-induced care biogenesis is of immense medical

importance. Although the nature of the molecular defect is not



known with certainty, there is good reason to believe the
responsible UV photoproducts are cyclobutyl pyrimtdine dimers
in DNA. The involvement of dimers could be directly tested in
a simple fashion, providing human fibroblasts in culture are
able to perform photoenzymatic repair. In this process a
dimer is converted back to two normal monomers upon exposure
to visible light.

Unfortunately, however, one of the most controversial topics
in human photobiology today pertains to the status of photoenzymatic
repair in cultured human cells. For many years the generally
held conclusion has been that the process is nonfunctional in
human cells. Recently, photoeni'.ymatic repair has been
reported to occur in diploid fibroblasts but the assay employed
for detection is insensitive relative to our in vitro assay. We
have therefore monitored the removal of dimers in a number of
UV-irradiated (10 J / m ) human diploid strains as a function of
exposure to black, fluorescent and incandescent light. Even
though the light-induced disappearance of as few as 20% of the
initial dimers would have been easily detected, the fate of
dimers was clearly independent of all light sources. We thus
conclude human diploid fibroblasts lack an active photoenzymatic
repair process, at le is t under our experimental conditions.

GENETICS, DEVELOPMENT AND
POPULATION STUDIES

5. 10 POLYACRYLAMIDE GEL ELECTROPHORESIS OF INTACT
BACTERIOPHAGE T4 PARTICLES -
J . Childs and Colleen Gibney

Amber mutants of bacteriophage T4 can be grown on
Escherichia coli strains carrying different suppressors
(su+ strains). Each of these suppressors inserts a different
amino acid at the site corresponding to the amber codon.
Thus it should be possible to determine which structural
proteins contribute significantly to the charge on a T4 particle
by testing the electrophoretic mobility of amber mutants grown
on different £u_+ hosts. We have tested 13 different gene 23
amber mutants (the major head protein gene), one gene 24
mutant (head protein gene) and one gene 37 mutant (tail fibre
gene) grown on a jm F host, which inserts the neutral amino
acid, serine. All of these mutant particles, except for 1 gene



23 mutant, migrate electrophoretically at the same rate as
wild type particles. Preliminary experiments with the remaining
gene 23 mutant indicate that it may migrate more slowly than
wild type. We are attempting to grow these mutants on a
su 5" strain which inserts the charged amino acid, lysine. Gene
23 and 24 mutants do not grow very readily on this strain but it
may be possible to obtain sufficient particles for the
eLectrophoresis experiment.

5. 11 MUTANTS OF BACTERIOPHAGE T4 UNABLE TO GROW ON
STREPTOMYCIN RESISTANT STRAINS OF ESCHERICHIA
COLI -
John Chi Ids, Lorna Chant and Karen Koyanagi

Amber mutants of bacteriophage T4 are unable to grow on
strains of Escherichia coli lacking a suppressor {su"), but can
grow on some strains which carry a suppressor (s_u_ ). The
growth of certain of these amber mutants is restricted on £u_
strains by certain E!. coli streptomycin resistance mutations.
It is possible that T4 mutants other than amber mutants might
also be restricted by streptomycin resistance mutations. We
have therefore isolated 16 mutants of T4 which can grow on a ^u
host (CR63) but are unable to grow on a CR63 derivative which
is streptDmycin resistant. Of the 16 mutants, 8 appear to be typicaL
amber mutants in their inability to grow on E. coli B, but the
remaining 8 plate with efficiencies of 0. 1 - L 0 on E. coli B.
Some of the latter group are probably very leaky amber mutations
while others may be missense mutations. There mutants should
be useful as genetic markers and for studies on the effect of
streptomycin resistance mutations on translation.

5. 12 RADIATION GENETICS IN ENSECTS-DAHLBOMINUS -
W. F. Baldwin, G. D. Chant, A. G. Knight and P. A. Knight

Further results from studies on the effects of high
temperature on radiation-induced eye colour mutations in
Dahlbominus have shown a considerable reduction in frequency
when the administration of heat is delayed for periods up to six
hours. The decrease in frequencies follows a straight line
from 171 x IO~5 (heat during radiation) to 104 x 10"5 (heat at six
hours after irradiation). When the heat (42°C for 45 min. ) was



delivered at 12 hours after radiation (250 R) the frequency
increased, an effect which is not understood at the present time.
Heat at six hours ?fter the irradiation produced 121 mutants
among 116, 281 males, while at 12 hours, 106 eye colour mutants
appeared among 72,071 males. This difference was highly
significant (P = . 009), the frequencies being 104 (89-120) x 10'5

at 6 hours and 147 (124-171) x 10"5 at 12 hours. Further studies
will follow the time course of this effect.

5. 13 RADIATION STUDIES ON BITING FLIES -
W. F. Baldwin and G. D. Chant

The effort to suppress populations of black flies in
the townsite of Deep River has been continued during May,
and all streams containing larvae have been treated with
insecticide. Trapping of adults in the town to assess the
results has commenced, and it appears now that the numbers
captured will be even lower than in 1974. For the first time,
an aircraft was engaged by the town to spray mosquito swannps
surrounding Deep River, and it appears that the nuisance value
of these pests has decreased.

Initial studies on the effects of an insect growth regulator
have been completed on both mosquitoes and black flies. These
compounds are completely non-toxic to mammals, and affect
only insects, interfering with the completion of development
through the pupal stage. In mosquitoes, application to 3rd and
4th instar larvae in pools in the outer area, at rates of 4 and
8 f 1. ozs. /acre , resulted in complete cessation of development
in the pupal stage, and adults did not appear from these ponds.
In other pools containing late 4th instar larvae, application of
the growth regulator at 4 fl. ozs. /acre allowed 35 percent
emergence, indicating that the stage of development is an
important factor in determining the effectiveness of this control
method. Experiments with black flies are not complete, but it
appears that emergence from pupae was suppressed.

5. 14 PUBLICATIONS

H. C. Birnboim, N. A, Straus and R. R. Sederoff
Characterization of Polypyrimidines in Drosophila and
L-Cell DNA.
Biochemistry, Vol. 14, No. 8, 1643-1647 (1975). AECL-5072
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H. C. Birnbotir; and A. Nasirr.
Excision of Pyrirmdim* Dinners by S<-v<aral L V -sc-r, snive
Mutants of S. poirtbe.
Moiec. gen. Genet. 136, 1-8 (1975*.
AECL-5046

D. K. Myers
Tumor Induction in Different Strains of Rats (Abstract).
Proc. Ca-u Fed. Biol. Soc. l£, p. 78 (1975).

M. C. Paterson and P. H. M. Lohman
Use of Enzymatic Assay to Evaluate UV-induced DNA
Repair in Human and Embryonic Chick Fibroblasts and
Multinucleate Heterokaryons Derived from Both.
!n Molecular Mechanisms For The Repair Of DNA
i" P. C. Hanawalt and R. E. Setlow, eds. ) pp. 735-745,
Plenum Press, New York, 1975.

W. F. Baldwin
Dispersal and Biting Response of Black Flies (Abstract).
Proceedings of the Acadian Entomological Society
55th Annual Meeting, Joint Meeting With The Entomological
Society of Canada, Halifax, Nova Scotia, Daihousie
University, 26-29 August, i974, p. 87.

5. 15 VERBAL PRESENTATIONS

5. 15.1 Presented papers

D. K. Myers
Tumor Induction by X-radiation and Urethane in Rats.
Invited paper presented at the Radiation Research
Society, Miami, Florida, 11-15 May, 1975.

H. C. Birnboim
Polypyrimidine/polypurine containing satellite in
D. melanogaster DNA.
Invited paper presented at the Canadian Federation of
Biological Societies Meeting, 18th Annual Meeting,
Winnipeg, Manitoba, 23-27 June, 1975.
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5. 15. 2 Local talks

H. C. Birnboim
Introduction to the Biology Branch.
Talk to summer student guides on training tour at CRNL,
13 May, 1975.

J. D. Childs
Genetics of Bacteriophage T4.
Talk to summer student guides on training tour at CRNL,
13 May, 1975.

R. E. J. Mttchel
Ionizing Radiation and Cell Damage.
Talk to summer student guides on training tour at CRNL,
13 May, 1975.

D. K. Myers
Tumor Induction in Rats.
Talk to summer student guides on training tour at CRNL,
11 June, 1975.

W. F. Baldwin
Research on Effects of Radiation in Insects.
Talk to students at Mini Course at MacKenzie High School,
24-25 April, 1975.

W. F. Baldwin
Advances in Research in Biology.
Talk to summer student guides on training tour at CRNL,
II June, 1975.

W. F. Baldwin
Research at CRNL with Radiation'and Insects.
Talk to students at Student Elective Program at Keys
Senior Public School, 13 June, 1975.
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5.16 INVITED SPEAKERS

Dr. J. M. Boyle, Paterson Laboratories, Christie Hospital and
Holt Radium Institute. Manchester, England - "Effects of
UV-Irradiation on the Binding of Phage \ to the membrane
o{K. coli". 1 April, 1975.

Dr. P. J. Dyne, Director, Chemistry and Materials Science
Division, Atomic Energy of Canada Limited, Whiteshell
Nuclear Research Establishment, Pinawa, Manitoba -
"Current Ideas on Waste Management", 10 April, 1975.

Dr. D. G. Somers, Department of Medical Genetics, University
d Toronto, Toronto, Ontario - "Alpha Amanitin-Resistant
RNA Polymerase II in Rat Myoblasts", 4 June, 1975.
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