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BIOLOGY AND HEALTH PHYSICS DIVISION SUMMARY

A.M. MARKO

Health Physics

Calculations have been made of the spectra produced by a 238Pu-Li
neutron source at the centre of spheres of water and heavy water of various
radii. These calculations arose from a requirement to improve the perform-
ance of a fissile material monitor using a 238Pu-Li source with the
objective of producing the highest effective thermal neutron fluence over
a radius of about 25 cm.

Final analysis of data accumulated in a Dosimetry Intercomparison
Study at Oak Ridge National Laboratory indicates excellent agreement between
the CRNL estimates and the average of all participants' estimates both for
the neutron and gamma radiation doses delivered.

Analysis of radiation fields in the reactor vault during various
shutdown conditions of the Douglas Point reactor has been carried out with
the objective of providing an optimum arrangement of temporary shielding to
permit maintenance work to proceed with the least accumulation of radiation
exposure.

Work is proceeding to bring up to date and to add additional
features to the design of the automatic TLD reader. The additional items
will simplify the task of a user in identifying fault conditions and in
addition the opportunity is being taken to replace the RTL logic by CMOS
logic in the circuits to reduce the effects of electrical noise.

An analysis has been completed of experimental data obtained on
the diffusion of tritiated water vapour through the skin of volunteers
whose forearms were exposed to known quantities of tritium and shows more
than 90% of the water vapour can be regarded as passing through a single
diffusional barrier with a delay time of about ten minutes.

Radiation instrument studies have continued with the development
of gamma and beta radiation survey meters intended for general use in
radiation protection and the development of particular devices for special
situations or experimental studies. Among the latter is a multichannel
X-ray area monitor for accelerator environments, an array of detectors for
measurement of snow thicknesses in environmental studies and the specific-
ation of characteristics required in a monitor to measure the uniformity
of enriched reactor fuel. Limitations inherent in two monitoring problems
have been examined with a view to providing improved capability. The
firr concerns the optimization of the response of plutonium-in-air
monitors to increase the capability of detecting plutonium in the presence
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of radon and thoron and the second is concerned with the relative sens-
itivities of quartz fibre dosimeters, TL dosimeters and radiation survey
meters used to detect yradiation fields of various energies. The design
of a monitor for the detection of radioactive noble gases in the 9 9Mo
production process has been completed. This monitor will indicate the
accumulated output of radionucl ides in terms of the total curie-MeV ""' of
product released.

Environmental Research

As a result of our studies on energy budgets of lakes, a
mathematical model of energy transformations in small lakes has been
developed. With the use of this model vertical distributions of temperature
and evaporation rates in lakes can be determined from purely meteorological
data.

Ground water samplers and seepage meters have been installed to
intercept tritium-contaminated ground water flowing into Perch Lake.
Only one complete set of measurements was obtained before freeze-up.
These showed a very wide range of seepage rates, with a surprisingly regular
alternation of zones of high and low seepage, both along the shore and out
in the lake bottom.

Cation exchange capacities of Perch Lake drainage basin soils
were measured using a Co tracer method. The soils were leached to remove
ferric hydroxide and manganese oxyhydroxides to determine the effects of
these potential sinks in the adsorption of 9 0Sr and 1 3 7 C s . The mineralogy
and particle size distribution of the soils is being determined. Each
size fraction of each sample is also being counted to see if there exists
an affinity of micaceous minerals for 9 0Sr and 1 3 7 C s .

Samples from the ground water recharge site under investigation
at WNRE, in collaboration with University of Waterloo personnel, have been
analyzed to observe the distribution of bomb-test tritium and hence define
the infiltration pattern of precipitation during the past 25 years.
Results indicate a surprisingly irregular pattern. The bomb-tritium
labelled water of recent years has moved around mounds of old, tritium-free
water in spite of the supposedly uniform nature of the aquifer material.

An environmental assessment group is being formed within the
Branch to produce models and procedures for pathways analysis of radionuclide
transport in ground waters, surface waters and aquatic food chains. Staff
are currently being recruited for this group. The program is part of the
CRNL contribution to the Canadian Waste Management Program being directed
from WNRE.

* 1 Ci = 37 GBq
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Population Research

There is now evidence that the reductions in body weight in
rats, associated with localized superficial irradiations of the skins,
are due to the early induced ulcérations, and that the magnitude of the
effect is more dependent on the seriousness of the ulcération than on the
radiation dose.

Biology

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

During the past few months, considerable progress has been made
in comparison of the effects of the UV component of sunlight (designated
as near UV radiation) with those of ionizing radiation. Both types of
radiation are known to induce cancer. Cell lines from certain selected
patients with a hereditary defect in DNA repair systems were found to be
hypersensitive to the lethal effects both of yradiation and of near UV
radiation; this finding has now been further extended to include hyper-
sensitivity to certain carcinogenic chemical agents which are known to
react wi th DNA.

The types of damage produced in DNA by near UV radiation and
repair of this damage have been explored. Near UV radiation does produce
some strand breaks and thymine glycols in DNA; these effects resemble those
of y-radiation. In contrast to y-rad i at ion, however, near UV radiation
also produces pyrimidine dimers in DNA. In bacteria, cytosine-thymine
dimers are numerically the most important product formed by near UV
radiation, and they appear to be removed somewhat more slowly than
thymine-thymine dimers from the DNA; both excision and recombinational
repair systems seem to be required for removal of these dimers. Highly
sensitive assay procedures for the quantitative measurement of dimers in
DNA have been developed and another, possibly more sensitive, procedure is
being explored.

Research is continuing on (a) the radiation-induced release of
membrane-bound components from the bacterial cell wall, (b) the induction
of genetic changes in yeast by radiation and by mutagenic chemicals, and
(c) radiât ion-induced tumors in rats. In addition, two collaborative review
pape-s have been prepared, dealing (d) with the health hazards associated
with the inhalation of radon daughters and (e) with low level radiation
hazards in relation to the nuclear power industry in general.
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Marko, A.M. - "Waste Management", Présentât ion to Mr. James Donnelly,
President, AECL, CRNL 1978 Feb. 08.

Marko, A.M. - "Biology and Environmental Research", Presentation to
S.K. Chun, Auditor, Korea Atomic Energy Research Institute and
Korea Nuclear Engineering, CRNL, 1978 April 20.

Marko, A.M. - "Radiation and Mankind", Presentation to Renfrew
County Council, CRNL, 1978 May 26.

Marko, A.M. - "Effects of Radiation on Humans",
Summer Student Lecture, 1978 June 16.

Marko, A.M. - "Nuclear Energy and the Environment - General Outline
of Division Research Program", presentation to Ontario Hydro,
Pickering and Bruce G.S. Public Relations Staff, CRNL,
1978 June 27.

Marko, A.M. - "Programs in the Life Sciences", Presentation to
Board of Directors and Senior Officers, Eldorado Nuclear Limited,
CRNL, 1978 August 30.

Marko, A.M. - "Biology Research", Presentation to G. Schuster
and J. Bagoldi, EEC, CRNL, 1978 September 13.

Marko, A.M. - "Biological Effects of Radiation", Presented at
the 20th Annual Health Physics Course, CRNL, 1978 Sept. 25-29.

Marko, A.M. - "Biology Research", Presentation to E. Schroder and
H. Bianchi, German Sr. Coordinator Canada/FRG S£T Agreement,
CRNL, 1978 September 28.

Marko, A.M. - "Perch Lake Model", Presentation to Governor General Léger,
CRNL, 1978 October 16.

1.1.1 Invited Speakers

Dr. L. Tommasino, Comitato Nazionale per l'Energie Nucleare,
Rome, Italy, "Survival Curves Analysis and Radiation Quality
Effects", 1978 June 02.
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- 7 -

2.2 FAST NEUTRON DOSIMETRY

2.2.1 Moderation of Neutrons from a 2 3 8Pu-Li Source - H. Ing and
W".G. Cross

Calculations of neutron spectra in H_O spheres
containing a 2 3 aPu-Li source at the centre, described
in PR-B-119, have now been extended to spheres of up
to 50-cm radius and to D~0 spheres. The calculations
for H 20 yielded thermal fluences at the centre of the
spheres which were as much.as 3 times lower than those
obtained by other groups for supposedly the same
source. To check the validity of our results, we
computed spectra in a 50-cm radius H-O sphere having a
fission source at the centre and compared the thermal.„•,
neutron distribution with experimental data from ORNL .
The calculated and experimental results agreed to within
15%. This confirmed the reliability of our computational
method and transport cross-section data.

Calculations for D_0 spheres with the 2 3 ePu-Li source
indicate that the thermal fluences at the centre are only
about 12% of those for H_0 spheres. However, at radii
greater than about 12 cm in a large (50-cm radius) sphere,
the thermal fluence is greater when the sphere contains
D-0 rather than H_0.

Calculations are now being made for the 2 3 8Pu-Li
source surrounded by different thicknesses of D O
followed by H_0 reflectors. These investigations will
yield a moderator combination which will produce the
highest effective thermal fluence over a radius of about
2 5 cm.

2.2.2 CRWL Results for the 15th ORNL Dosimetry Intercjomparison -
H. Ing and W.G. Cross

CRNL participation in the 15th ORNL Dosimetry
Intercomparison using the Health Physics Research Reactor
(HPRR) has been described previously (PR-B-119). Badges
were exposed to three bursts from the HPRR, unshielded or
shielded or shielded with concrete or concrete + steel
to change the energy distribution of the neutrons.

(1) Herman Miller, private communication to A.M. Ross (1974)
(2) D.K. Truby, ORNL-3487 (1964).



Analysis of the dosimetric data is now completed
and the results are shown in the following table. The
neutron doses for bursts 1 and 2 were obtained with
237Np(n,f) and 232Th(n,f) damage track detectors and
Rh, In, S, Au and Cd-Au activation detectors. For
burst 3, only damage track detectors were used because
this badge was returned to us by mail after decay of the
activated foils. All gamma doses were measured with
TLD-700 chips shielded with 3 mm of 6Li.

As requested by ORNL, we calculated neutron doses
based both on spectra calculated by ORNL and on spectral
information provided in the IAEA "Compendium of Neutron
Spectra"^ . In the latter case, a spectrum is selected
from the Compendium based on the closest approximation to
the shielding material. The neutron doses obtained by
the two methods vary by less than 15%. Preliminary
results for the participants' averages are also shown for
comparison purposes.

Badge
on

Phantom

Badge
in

Air

Burst

Burst

Burst

Burst

Burst

Burst

1

2

3

1

2

3

Neutron Dose (rad)*

CKNL

ORNL Spectra On

42

247

56

34

243

42

Compendium

37

254

48

38

236

48

*

Participants'
Average*

44

216

67

40

215

56

± 16

± 63

+ 16

± 16

± 40

± 20

Gamma

CRNL

18

73

30

16

37

21

Dose (rad)**

Participants'
Average*

24 ± 9

61 ± 25

32 ± 11

21 ± 12

40 ± 20

25 ± 3

* Preliminary values. Errors are derived from the spread of
results.

** 1 rad = 10 mGy

2.2.3 Dosimetry for the Repair of the Douglas Point Reactor -
H. Ing and W.G. Cross

Ontario Hydro requested dosimetric assistance in
connection with the repair of the auxiliary cooling lines

(1) H. Ing and S. Makra, "Compendium of Neutron Spectra
in Criticality Accident Dosimetry", IAEA Technical
Report 180 (IAEA, Vienna, 1978) .
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inside the vault of the Douglas Point reactor. They
wished to determine the radiation field at the location
of the fault, the field at the point of access (through
the reactor biological shield) to repair the fault, the
type, thickness and location of temporary shields to be
employed to cover the opening of the access route and
the radiation levels behind such temporary shields.

Two measurements of the radiation field near the
fault had been made previously (PR-B-117). We were
informed that the irradiation time for one of these
was uncertain. Therefore, another measurement was made
with the reactor nearly full of D20 moderator. Neutron
data were obtained over a 13.75-hour period with 2 3 7Np,
232Th and U damaged-track detectors and 6 3Cu (n, y) G ''Cu,
75As(n,y)76As, 197Au(n,y)198Au and 32S(n,p)32P activation
detectors. Most of these detectors were used in pairs,
unshielded and shielded with Cd or B. TLD-700 chips,
shielded with sLi, were used for measuring gammas.

The results are summarized below. The dose rates
were 1.8 rem/h for neutrons and 145 rem/h for gammas
with uncertainties of <_ 20%. The neutron field is
comparable to that obtained with the moderator at a very
low level (measured previously) and certainly not greater
by an order of magnitude as expected by Ontario Hydro.
The gamma field is less than half of the value obtained
for the "low-moderator" configuration.

Because of the smaller gamma field and a softer
neutron spectrum associated with the "high-moderator"
condition, it is the preferred reactor configuration
during repairs. Furthermore, if the thermal neutrons
are eliminated by the addition of a "poison" to the
moderator, the neutron field will be reduced by a factor
of almost 2. Estimates of radiation levels at various
strategic locations and effects of various shielding have
been made for such a reactor configuration. Two shields
(one of Pb and another of Pb + polyethylene) have been
proposed which would reduce the dose equivalent rate to
500 mrem/h directly outside the access route and 5 mrem/h
in the main working area.
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RESULTS FOR 13.75-HOUR IRRADIATION OF
12-13 SEPTEMBER 1978

Neutrons

Energy

Thermal (<

1 eV > 100

100 keV •*

> 1.5 MeV

1 eV)

keV

1.5 MeV

Total fluence
(n/cm2)

1.0 x 1010

5.0 x 109

small

2.9 x 10°

TOTAL D.E.

D.E. (rem)

10

5

small

10

y 25 rem

Gamma Dose Equivalent = 2000 rem

2.2.4 Evaluation of Half Lives of Important Radionuclides -
W.G. Cross and H. Ing in collaboration with J.S. Merritt,
Nuclear Physics Branch

In preparation for publication by the IAEA of an
internationally acceptable list of half lives, we have
updated the evaluation of half lives in the international
Evaluated Nuclear Structure Data File (ENSDF) for about
280 nuclides having commercial importance. New evaluations
were required for only 45 nuclides, for which important
measurements have been made since the last ENSDF evaluation,
or since a more recent evaluation by M.J. Martin for a
forthcoming NCRP publication. New experimental data were
taken from Nuclear Data Sheets "Recent References", from
other publications and from unpublished data of the US
National Bureau of Standards and CRNL. For another 3 0
nuclides, for which Martin's evaluations differ from those
in the ENSDF, we agree with his values to within his quoted
errors.

2.3 THERMOLUMINESCENCE DOSIMETRY - A.R. Jones

A computer code is being prepared to permit
correction of TLD readings for individual sensitivity
variation (refer PR-B-119).

Work has begun on the redesign of the automatic
TLD reader both to incorporate improvements requested
by users and to replace obsolete or obsolescent components.
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The improvements will provide more checks on the
operation of the reader both for quality assurance and
for self diagnosis in the event of a failure.

The temperatures of the anvil and of the cooler
surface of the TLD will be monitored continuously and
an alarm will be sounded in the event of the anvil
temperature being out of set limits, the TLD temperature
rise being too slow, the shuttle being stopped in the
wrong position for either TLD, and a failure of the nitrogen
supply. When the alarm sounds for any of these reasons, or
others already indicated by the existing reader, the cause
will be indicated by a number code (to make it easier to
add others later on).

After each dosimeter is read, the light guide will
be exposed to a light source and the resulting output
will be punched on paper tape and printed with the TLD
readings.

Much of the circuitry used in the existing reader
is based on RTL logic and this will be replaced by
CMOS logic to assure supply for construction and
maintenance and to improve immunity to noise.

All the modifications described may be applied to
the exisitng readers as well as to any new ones to be
built.

2.4 RADIATION INSTRUMENT DEVELOPMENT - A.R. Jones

2.4.1 Bore Hole Probe

Initial circuit testing has been completed. Final
testing awaits the construction of the probe containing
the photomultiplier.

2.4.2 Very High Range Survey Meter AEP-5309

Comparative measurements of combinations of plastic
scintillator and silicon photodiode have been made.
Taking into account the sensitivity, the proportion of
sensitivity from the scintillator itself and the leakage
current, a combination of an orange-light-emitting-
scintillator (NE 108) and an ordinary silicon photodiode
seems to be the best. The energy dependence, which has
been measured, is characteristic of the plastic of which
the scintillator is made.
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An alternative detector, which is being studied,
is a 100 mm2 surface barrier nuclear particle detector.
This device is comparable in sensitivity (to y-rays)
to the scintillator-photodiode combination and is much
smaller and lighter.

The circuit for use with these detectors has been
tested for the effects of varying battery voltage and
temperature•

2.4.3 High Range 3-contact Dose-Rate Meter

A need has been demonstrated for an instrument
to measure high 3-dose-rates (< 100 rad/h; 1 Gy/h)
in contact with a source and capable of averaging the
dose over a 100 mm2 area. This approximates the area
of the TLD's worn on the finger tips. Such an instrument
would be useful to avoid over-exposures to the finger
tips from 3-sources and to measure such doses when an
inadvertent exposure has occurred to a worker not
carrying a finger-tip TLD.

The surface barrier detector referred to in the
previous section has characteristics which make it
suitable for such an instrument. The sensitive area
is 100 mm2 and is close to the surface of the detector.
Moreover it is a thin detector (< 0.1 mm) when operated
in the photovoltaic mode.

For this reason the detector is being studied for
use in such an instrument which would be similar to the
Very High Range Survey Meter, AEP-5309, as far as the
electronics circuits are concerned.

2.4.4 Wide Range Survey Meter AEP-5288A

The engineering prototype has been built, tested
and its drawings approved.

This version uses a liquid crystal display and is
similar in performance to the original light-emitting
diode version and the probes are interchangeable. However,
it is smaller, lighter and makes use of the commercially-
available 9 V 'transistor' battery which is available in
a variety of forms (carbon, alkaline, mercury and
rechargeable nickel cadmium). Because the display consumes
very little power it can be left on without rapid exhaustion
of the battery.

A report is being prepared describing both versions
of the survey meter.
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2.4.5 Portable Contamination Meter AEP-5271A

The engineering prototype has been built and
tested in the laboratory. It is now being field tested.

2.4.6 Multichannel Area Monitor for X-rays

A version of the multichannel Area Monitor AEP-5282
is being built for the Accelerator Physics Branch. Its
function is to monitor X-rays at three locations and will
use a small GM counter with an end window.

2.4.7 GM̂  Counter Array for Snow Thickness Measurements

A high voltage supply and sealer has been built
for connecting to any one of six remote GM counters.
Each GM counter has been furnished with a perforated
filter to minimize its energy dependence.

The unit has been supplied to the Environmental
Research Branch for measurement of snow cover. The need
for the filter arises because increasing snow cover over
a y-source not only reduces the exposure rate but also
degrades the energy of the y-rays by scattering.

2.4.8 Fuel Bundle Verifier for Nuclear Safeguards

Two visits have been made to Pickering Generating
Station to test the performance of the fuel bundle
verifier designed by the Design and Technical Services
Branch. The purpose of the tests was to obtain data to
establish the operation of the verifier and to intepret
the readings obtained from it in terms of the basket of
fuel bundles being verified. For this the following
questions must be answered:

- What is the sensitivity (in mV/watt of decay
heat) of the detector to a bundle directly opposite?

- What is the sensitivity to a neighbouring bundle
if the bundle directly opposite has been simply removed
or replaced by a dummy bundle of density close to and just
above unity?

In relative terms, the sensitivity of a detector to
a neighbouring bundle is about 6% (of the sensitivity
to the same bundle directly opposite) if the bundle
opposite has been removed or replaced by a dummy. However,
when there is a bundle directly opposite, the detector
showed no detectable sensitivity to a neighbouring bundle
(i.e. the collimation is effective in this case).



To obtain the answers to these questions, the
detector arrays were exposed to a basket containing
one high wattage fuel bundle surrounded in the neighbouring
positions by

- a light dummy made of aluminum tubes and rods,

- a bundle of relatively low wattage,

- a vacancy (i.e. water alone).

Tests have been made on the drift properties of
an alternative amplifier for use with the detectors. The
tests showed them to be more stable with respect to
temperature and time than the amplifiers originally
selected. The new amplifiers have been used to replace
the original ones.

2.5 REPRODUCIBILITY OF RADON, THORON DAUGHTER SPECTRA ON
FILTER PAPER SAMPLES - A.R. Jones

To reduce the background due to radon or thoron
daughters when monitoring for plutonium-239 in air it
is the practice to count in some channel above that
used for counting the plutonium-239 alphas and subtract
some fraction of this count from the plutonium-239 count.
This technique is worthwhile, reliable and safe insofar
as the ratio of counts in the two channels, due to the
interfering alpha emitters, remains constant. In fact
this ratio does vary due to statistical factors, the
relative concentration of radon and thoron and the amount
of dust collected on the filter.

A program has begun to collect sample spectra from
the interfering alpha emitters to assess the value of
background subtraction and to select the best channel to
use to obtain the background count.

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

Work has begun on the specification of a monitor to
1) determine, to 100 mg, the uranium-235 content of
enriched uranium-aluminum fuel rods, 2) detect 'hot-spots'
where the content is more than 5% above the average.

2.7 RELATIONSHIP BETWEEN PERSONNEL DOSIMETER, PENCIL CHAMBER
AND Y-SURVEY METER READINGS - A.R. Jones

Measurements have been made for the Radiation and
Industrial Safety Branch, of readings of personnel
dosimeters and pencil chambers, carried on a phantom, and
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various survey meters. These measurements were made at
three different energies.

The results give an indication of the safety
factors which should be applied to avoid overexposures.

At all three energies (29 and 85 keV and radium-226
y-rays) the pencil chamber readings, in mR, gave a fair
indication (within 15%) of the recorded dose. However,
the survey meters, which do not allow for back-scattering
by the phantom (since the phantom is removed while they
are in use) can give exposure rate readings which could
lead to a serious underestimate of the dose at 84 keV.

2.8 DEVELOPMENT OF A GM COUNTER H.V. SUPPLY - A.R. Jones

A circuit has been designed and is being tested
for the supply of loads up to 100 uA at 400 to 700 V.
The output voltage is compared with a reference voltage
within an integrated circuit regulator using a 500 Mfi
voltage divider. Thus only a small amount of power is
needed under 'no-load1 conditions but high currents can
be supplied with good regulation.

2.9 TRITIUM MONITORING - R.V. Osborne

2.9.1 Permeation of Tritiated Water Vapour through Skin

The analysis has been completed of a series of
experiments involving the exposure of defined areas of
the forearms of volunteers to tritiated water vapour
(HTO ). Tha objectives of the experiments were to
determine if the diffusional properties of a single inert
barrier were sufficient to explain the kinetics of the
observed permeations and to determine the delay - or lag -
time for passage through such a barrier. This particular
parameter had not been reported from in-vivo studies.

The properties of a simple diffusional barrier are
such that the total activity of HTO passing through the
barrier as a result of an exposure Xf one side to HTO
for T min is simply proportional to T. The lag-time v

(L min, say) cannot, therefore, be determined from
observation of the activities taken into the body of a
person whose skin has been exposed to HTO for various
times T. Observation of the rate of appearance of HTO
on the inside of the skin (which does depend upon L) is



impractical. However, there are two independent methods
for obtaining estimates of L in such conditions; from
the ratio of the total activity desorbed after an exposure
to the total activity absorbed, and from the variation of
the rate of desorption of activity from the skin with time
after the exposure. Both these quantities depend upon the
ratio (L/T).

The results of a total of 60 exposures on 6
individuals demonstrated that the intakes were proportional
to the exposure times for a range of the latter from 6 s
to 60 min, consistent with the expected properties of a
simple diffusional barrier. For the three individuals for
which the desorbed activities were measured the average
lag-time determined by the ratio method was 12 min. The
average lag-times from the analyses of the desorption
curves were not significantly different but, in the case
of the individual for which most determinations were
made (13), a systematic variation of the estimated lag-
time with the total time over which the desorptions were
measured was noted. This variation was eliminated by
fitting with a more complicated model, involving a second
barrier in shunt with the first. The lag-times for the
barriers were estimated to be about 11 min and 7 0 min.
However, the flux of HTO was predominantly (> 90%)
through the first barrier so that the single barrier
model with a lag-time of about 10 min is a reasonable
description of the behaviour of the skin barrier.

2.9.2 Dosimetry of Tritium

The International .Commission on Radiological
Protection has defined weighting factors (TO for
various body tissues, each factor representing the
ratio of the stochastic risk associated with irradiation
of a particular tissue to the total risk when the body is
uniformly irradiated. These weighting factors are
particularly useful for calculating the committed
effective dose equivalents and derived limits for tritiated
water (HTO) and tritiated hydrogen (HT) since the problems
of choosing the appropriate water content of tissue and
of combining lung and whole body doses may be formally
resolved.

In tissue i which has fraction f. of water, the
committed dose per unit activity intaRe to the body is
27 f. pGy/Bq (100 f. rad/Ci), estimated from well-
estaèlished values of physical quantities. Hence for an

* Recommendations of the International Commission on
Radiological Protection, ICRP Publication 26 (1977).
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effective dose equivalent annual limit of 5 cSv (5 rem)
from tritium in body water, the intake of tritium is
given by

1.85 flWTfi| -
1 GBq or 0.05 [ ?w

T
f j ] "' cij. ]

With the standard-man ranges for the water content
of tissues, the range in value of the sum is 0.62 - 0.67.
A similar weighted sum for the organic content of tissues
may be derived (0.32 - 0.35) so that if one third of
organically-bound hydrogen is assumed to be derivable
from hydrogen in the body water, the overall weighted
sum is 0.78 (from 0.67 + 0.3 x 0.35) and the annual
limiting intake is 2.4 GBg (64 mCi). The average
concentration in air that would result in this intake
in a wording year is 0.66 MBq/m3 (18 yCi/m3).

A similar analysis has been carried out for tritiated
hydrogen for which three modes of exposure have to be
considered and combined - lung dose, dose from HT in the
body and dose from HTO in the body. The derived air
concentration for a 5 cSv annual effective dose equivalent
is 9.1 GBq/m3 (0.25 Ci/m3), more than 101* greater than
for HTO. However, the three components in the effective
dose calculation have similar magnitudes (approx. in the
ratio 2:1:2 respectively) so that the derived limits are
sensitive to the values ascribed to any of these components.

In all three cases the quantities used in the
calculations are not well-known, being based on a crude
(lung) model or on few measurements. The calculations
have served to indicate the paucity of the appropriate
physiological data. The detailed analysis has been
prepared for publication.

2.10 MEASUREMENT OF RADIO-XENON LEVELS IN EXHAUST AIR -
R.M. Hoiford

The conceptual design of the instrument for measuring
the levels of radioactive noble gases in the air released
from the 99Mo production facility (Xenon monitor, AEP-5320)
has now been completed and detailed design and construction
has begun. Based on experience with the prototype
instrument now in use it is anticipated that the bulk of
the activity will be accounted for by measurement of the
80 keV principal ganma ray of *3 3Xe and the 250 keV principal
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gamma ray of 135Xe but other nuclides, such as '35mXe
or 8BKr which emit higher energy gamma rays, may be
released and should be allowed for in computing the
total Ci*-MeV since they enter the calculation with higher
weighting factors. A sodium iodide scintillation
detector will be coupled to a pulse amplifier and a
set of discriminators. Gamma-ray events will be divided
into three energy classes, 133Xe, 1 3 5Xe, and miscellaneous
high--.energy events. The counting rates in these channels,
modified by suitable efficiency factors, will be displayed
on a chart recorder with a logarithmic scale. Digital
circuits will be used to divide and combine the counting
rates in the different channels to produce an estimate
of the total Ci*-MeV released, and to allow for greater
accuracy in this calculation the high-energy class will
be sub-divided into two separate channels by using an
additional discriminator set at 661 keV. This discriminator
will also provide a convenient reference for calibration
using a 137Cs source. A modified version of the printing
sealer (AEP-5291) will be used to accumulate, display and
print the total Ci^MeV released.

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

2.11.1 Body Radiation Doses

In the fourteen-week period ending 1978 December 01
and the calendar year to this date there are the following
distributions of radiation exposures.

There were six whole body radiation exposures
exceeding the 600 mrem two-weekly administrative control
limit and seven surface radiation exposures exceeding the
1600 mrem two-weekly adminstrative control limit.

* 1 Ci = 37 GBq
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CRNL - Whole Body Dose

Dose Range
rem

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

253
2177
130
21
1
1

Total
Dose

Man-rem

0
164.39
91.42
25.13
1.^9
2.03

110 mrem

122 mrem

Calendar Year

No. of
monitored
persons

4
2060
159
108
91
49
40
21
9
5

Total
Dose

Man-rem

0
326.95
111.91
135.78
157.42
109.09
108.47
67.62
33.23
20.96

415 mrem

421 mrem

CP - Whole Body Dose

Dose Range
rem

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

Average dose
pei. monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

76
181
4

Total
Dose

Man-rem

0
15.19
2.35

67 mrem

95 mrem

Calendar Year

No. of
monitored
persons

6
226
18
9
2

Total
Dose

Man-rem

0
26.48
13.405
11.06
3.52

209 mrem

214 mrem
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CRNL - Surface Dose

Dose Range

rem

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.99
3.00 - 3.49
3.50 - 3.99
4.00
4.50
5.00
5.50
6.50 - 6.99
7.00 - 7.49
8.50 - 8.99

Average Dose
per monitored
person

Average Dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

253
2102
158
51
13
3
3

Total
Dose

Man-rem

0
148.26
111.99
61.06
23.12
6.39
7.68

139 mrem

154 mrem

Calendar

No. of
monitored
persons

41
2011
158
85
83
70
48
29
23
13
7
8
3
1
1
2

511

519

Year

Total
Dose
Man-rem

0
313.76
111.01
104.07
142.54
156.89
133.76
93.32
85.15
55.40
33.34
42.48
17.02
6.61
7.19

17.47

mrem

mrem
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CP - Surface Dose

Dose Range
rem

no r a d i a t i o n
0 - 0 .49
0.50 - 0 .9?
1.00 - 1.49
1.50 - 1.99
2.00 - 2 .49
2.50 - 2 .99

Average dose
per monitored
person

Average dose
per exposed
person

Iourteen Weeks

No. of
monitored

persons

76
176

8
1

Total
Dose

Man-rem

0
15.42

5.29
1.02

83 mrem

117 mrem

Calendar Year

No. of
monitored

persons

6
215

20
11

3
5
1

Total
Dose

Man-rem

0
27.19
14.02
13.7

5.03
11.36

2.63

2 83 mrem

290 mrem

2.11.2 Hand Radiation Doses

In the fourteen-week period ending 1978 December 01
and in the calendar year to this date there are the
following distributions of extremity doses as measured
by finger-tip TLD's.

1

rem

less than 0.99
1.00 - 1.99
2.00 - 3.99
4.00 - 5.99
6.00 - 7.99
8.00 -10.99

11.00 -11.99
21.00 -22.99

CRNL

Calendar Fourteen
Year

257
35
13

9
5
3
1
1

Weeks

123
19

5
1
0
0
0
0

Calendar
Year

3 1
10

8
3
1

CP

Fourteen
Weeks

9
4
1
1
0

Calendar
Year

1

EC

Fourteen
Weeks

0
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2.12 PUBLICATIONS

(1) H. Ing and W.G. Cross, "Calculated Leakage Spectra
from £ 3 8U Spheres containing Sources of 14-MeV or
Fission Neutrons for Radiobiological Applications".
Proc. Third Symposium on Neutron Dosimetry in
Biology and Medicine, Neuherberg, EUR 5848 DE/EN/FR
1978.
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ENVIRONMENTAL RESEARCH BRANCH

by

I.L. Ophel
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3.7.2 Snow Studies
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For Figures see end of Section



3.1 STAFF

3.1.1 Branch Head - I.L. Ophel

Environmental Chemistry and Meteorology

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

L.K. Hendrie1

A.G. Price1

Natural Isotope Studies

R.M. Brown Assistant: C D . Fraser2

Biochemistry and Microbial Radioecology

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

Radiochemistry and Terrestrial Radioecology

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

Contaminant Hydrogeochemistry

R.E. Jackson3 Assistant: K.J. Inch3

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 Assistants: B.A. Risto
J.H. Munch

!Dept. of Geography, University of Toronto, Toronto, Ontario
2 Retired 1978 December 29
3Attached staff from Inland Waters Directorate, Environment
Canada, Ottawa, Ontario
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3.1.1 Staff (cont'd)

Secretarial

D.J. TerMarsch

3.1.2 Other Attached Staff

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

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

K.E. Lyon and T.G. Spoel - Queen's University, Kingston,
Ontario. Working on a research contract between AECL
and the University.
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3.2 BENEFICIAL USES OF WASTE HEAT - J.W. McMahon and A.E.
Docherty

3.2.1 Aquaculture of Fresh Water Organisms

Experiments designed to study phytoplankton
dynamics in relation to temperature and nutrient en-
richment were continued using large water masses
(1500 L) enclosed in polyethylene bags and suspended
in Maskinonge Lake or in a temperature-controlled
experimental pool (5 m dia.). Temperature in the
heated pool was held at 23 ± 0.5°C and known concen-
trations of phosphate and nitrate were added daily.
Primary production rates (l^C fixation), organic carbon,
pH, protein and carbohydrate content of the phytoplank-
ton were determined three times a week during each
study.

In one study, carbon assimilation rates for
heated lake water and heated lake water containing
three times the P + N level of lake water were, after
15 days duration, 5.3 mg C and 249.6 mg C/(m^-h)
respectively. In a second study unheated, nutrient-
enriched lake water (P + N) x 3 was compared with heated
nutrient-enriched waters containing (P + N) x 3 and
(P + N) x 5 above normal lake water. Primary production
rate for the enriched lake water (at 5°C) was 1.2 mg
C/(m3.h) compared to 306.7 mg C/(m3-h) for heated water
(P + N) x 3 and 58.7 mg C/(m3.h) for heated water en-
riched with (P + N) x5. Major phytoplankton species
in the highly productive cultures were Synedra ulna,
Ankistrodesmus falaatus and a filamentous form - Oseil-
latoria splendida.

Maximum phytoplankton concentrations in natural
lake waters can be developed through the combined use
of thermal and nutrient enrichment. In the case of
Maskinonge Lake - a nutrient poor lake - a daily input
of three times the P + N level of the lake water gave
the best results.
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3.3 COMPARISON OF ALGAL GROWï'H IN NATURAL WATERS - J.W.
McMahon and S-R. Gentner

Protein and carbohydrate measurements on selected
lake water samples and pure cultures of phytoplankton
are being continued. Attempts to culture different
species of the alga Euglena have not yet been success-
ful.

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

Techniques for measuring primary production of
large aquatic (vascular) plants by ^4C fixation are
being evaluated under laboratory conditions. Some of
the procedures being tested are; preparation of plant
material for radioassay (drying, powdering, tissue
solubilization); comparison of 1*C fixation in actively
growing leaf tips with that in basal portions of the
leaves and self-absorption problems in liquid scintilla-
tion counting. Of two plants being studied - Ceratoptevis
thalictro-id.es (water sprite) and Lemna sp. (duckweed) -
the latter, because of uniformity of size, appears to
be the most suitable for our present studies.

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

Three field huts placed over piezometers in the
Perch Lake basin have been fully winterized and provided
with electrical services.

Improvements have been made in the equipment for
field column experiments. Several commercial columns
were examined and tested for field use. Pump problems
have been partially alleviated by the purchase of two
variable speed Sage pumps.

Column studies on the migration of arsenic were
reinitiated in early December and are continuing.

The Total Carbon Analyzer has been utilized ex-
tensively during the past quarter. Several hundred
natural water samples have been analyzed for organic
and inorganic carbon. Organic carbon analysis was also



3.5 BIOGEOCHEMISTRY OF THE WASTE MANAGEMENT AREA (cont'd)

conducted on process water (D2O) samples from the
ZED-2 upgrader (CECE Pilot Plant) at the request of
J. Mislan from the General Chemistry Branch.

Techniques for storage of natural water samples
prior to inorganic carbon analyses have been tested.
Previous studies had shown considerable variability
from site to site in the reproducibility of inorganic
carbon values. We have now attributed this varia-
bility to the loss of dissolved CO2 from certain
samples. New techniques have been adopted which mini-
mize these losses.

Techniques for the analysis of organics in
solid materials (sediment from the Perch Lake basin)
are being tested using the Total Carbon Analyzer. Very
variable values for dissolved organic carbon, in the
ground water, have been observed and these have been
attributed to the dissolution of sedimentary organic
carbon in the aquifer. We wish to confirm the presence
of sedimentary organic carbon and determine its con-
centration in the sediments.

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

Nothing further to report.

3.7 PERCH LAKE PROJECT

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

Meteorological observations and lake water temper-
ature measurements were continued until freeze-up which
occurred November 2 0 at Perch Lake.

A depth survey of Lower Bass Lake was completed
and its bottom contours determined. This had enabled
calculation of lake energies from the temperatures
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3.7.1 Energy Budget, Lake Evaporation and Hydrology (cont'd)

observed over the past two years. Vertical heat .
diffusivities and Richardson numbers have been calcu-
lated from the data in the same way as was previously
done for Perch, Maskinonge and Upper Bass Lakes.

A functional relationship has been found between
the vertical diffusivities, Kz, and the Richardson
number, Ri, with the form:

K =
z

a Rib (1)

where a and b are constants specific to each lake and
related to depth, area and wind exposure (Table 3.7.1)
Correlation coefficients generally greater than 0.9
have been obtained.

Table 3.7.1. Experimental Values of the Parameters
in Equation (If

Lake

Maskinonge
Upper Bass
Lower Bass
Perch

a

0.20
0.03
0.05
0.03

b

-0.65
-0.60
-0.76
-1.07

The form of Ri that has been used is:

Ri =
C Z2 p

dz

where C is a constant, Z is the depth, dt/dz is the
temperature gradient at depth Z and uA is the fric-
tion velocity of the wind. In order to separate the
effect of each variable a multiple regression analysis
has been done to determine the individual exponents in
a relationship of the form:
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3.7.1 Energy Budget, Lake Evaporation and Hydrology (cont'd)

The magnitudes of p and q are close to -1 for
the three deeper lakes but a somewhat large negative
value has been obtained for Perch Lake, presumably re-
flecting the shallow depth. The magnitude of r is much
more variable between the lakes but the range the wind
speeds encountered is very limited and the value of r
is rather poorly determined.

A model of the energy transformations in small
lakes has been developed from which the vertical dis-
tributions of temperature and evaporation rates can be
determined from purely meteorological data. It is now
being validated.

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

Radiation sources and detectors have been set
up at three sites around the lake to measure the water
equivalent in the snow pack. These measurements are
being made in association with a 1 m^ runoff plot at
each site so that the loss of water from the pack can
be compared to the reduction in water equivalent. Any
difference will be due to horizontal transport of
water within the pack during snow melt. A 7 m long,
Lined trench to measure through-flow in the unsaturated
zone during the snow melt period has been installed.

The water table relationships between nearly 100
piezometers and observation wells on the east side of
the lake have been measured twice a month during the
period.

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

Tritium analyses of daily water samples from
Perch Lake outlet, Perch Creek weir and No. 1 and
No. 2 inlets were continued.

Ten multi-level samplers were installed on the
south-east shore of Perch Lake to collect seepage
water flowing toward the lake. These samplers were
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3.7.3 Water Budget and Lake Chemistry (cont'd)

placed approximately 50 m apart between the Satellite
Station and No. 3 inlet. Each sampler was constructed
so that one water sample could be taken from each of
three levels, at 25 cm, 50 cm and 1 m depths from the
surface of the gyttja. Each water sample was immedi-
ately analyzed for tritium to be certain no lake water
was sampled along with the seepage sample. The first
series of samples that were taken showed no interfer-
ence from the lake water.

These samples were then analyzed for iron, man-
ganese, magnesium, potassium and calcium. Analyses
of samples for the major anions will be done when the
Autoanalyzer system has been set up for this work.

Over 100 seepage meters were installed along the
east shore of Perch Lake from near the outlet to inlet
#3. The array consists mostly of lines of six or seven
seepage meters laid out from the shoreline to distances
of about 25 m. These lines are spaced at roughly 30 m
intervals along the shore. Only one complete set of
measurements was obtained before freeze-up. These
showed a very wide range of seepage rates with a sur-
prisingly regular alternation of high and low seepage
zones, both along and out from the shore.

3.7.4 Data Storage - D.P. Wildsmith

The Perch Lake inlet and outlet stream data for
the period 1978 January to September inclusive has been
received from the Water Survey of Canada, Environment
Canada.

3.7.5 Evaporation Pans - D.P. Wildsmith

Evaporation pan daily readings were discontinued
as of 1978 October 01. The collection and processing
of wind data is continuing as are the daily soil temper-
ature readings.
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3.8 STACK ARGON MEASUREMENTS - D.P. Wildsmith and P.J.
Barry

The argon released from the stack has been
monitored periodically throughout 1978. CO2 is in-
troduced into the J-rod annulus of NRU primarily to
replace the moist air and thus reduce the corrosion
rate of the reactor vessel. A useful byproduct is
that the volume of air present is greatly reduced,
resulting in a much reduced 43-Ar release from the
main reactor stack. The following results have been
obtained for 1978 (Table 3.8).

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

Analysis of the spring 1978 snow melt data has
continued through the quarter and papers related to
the results have been presented at a recent Conference
on Modelling of Snow Cover Runoff in Hanover, New
Hampshire. It has been determined that for the modelling
of snow melt in the Perch Lake basin, turbulent energy
exchanges can be ignored and that net radiation above
the snow pack alone is the most efficient predictor.
Relationships between this spatially very variable
parameter and global and net radiation above the canopy
are being developed to provide reasonable areal averages
at the basin scale.

The measurement site has been prepared for the
1978-79 winter and 1979 spring seasons. A series of
tensiometers have been built and installed at the
site, and longer soil moisture access tubes are also
being installed. These improvements will permit obser-
vation of the movement of snow melt water through the
unsaturated zone to the ground water table.



41Table 3.8. Measured Ar Releases from Main Reactor Stack 1978

Sampling
Date

Jan.

Jan.

Feb.

May

May

June

Aug.

Nov.

Dec.

Dec.

13

18

14

04

11

27

22

21

07

07

Time

10:02-10:07

11:41-11:46

09:17-09:23

10:35-10:41

08:42-08:48

08:58-09:03

09:45-09:50

09:42-09:46

09:32-09:36

11:33-11:37

41A

GBq-

200.4

133.9

41.4

157.1

32.5

38.3

122.8

31.0

26.1

26.2

r
d"1

X

X

X

X

X

X

X

X

X

X

103

103

103

103

103

103

103

103

103

103

NRU
megawatts

122

not

120

not

117

126

not

108

88

88

CO2 (%)

95

operating

95

operating

95

95

operating

95

50

50

NRX
megawatts

not

not

not

not

26

23.8

operating

25.8

operating

operating

22.2

operating

25

25

GBq-d"1

•Mw-3-

1354

5628

344

6088

278

304

5533

287

2315

2321

en

>

o
z
>
xn
G

M
25
en

o

1 Ci = 37 GBq
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3.10 WASTE MANAGEMENT AREAS

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

A tracer test using Rhodamine WT was carried out
in the Fuel Transfer Bay in Bldg. 204. Dye was de-
tected in the ground water outside the bay within 24
hours. Further tests will be carried out after in-
stalling additional sample points with the hope of
pinpointing the leaks. A test using tritium as a
tracer was carried out in the Cut Rod Storage Bay.
This bay is also leaking, but more slowly than the
Transfer Bay.

3.10.2 Glass Block Recovery Program - W.F. Merritt and
B.A. Risto

A glass block from the second test disposal was
successfully recovered on 197 8 November 14 and shipped
to WNRE. The examination on the block from the first
test disposal has been completed at WNRE.

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

Samples from surface waters associated with
Waste Management Area "F" (Toussaint Lake, Chalk Lake,
C2 Fire Trail and stream at bulk storage area), taken
during 1978 September, were analyzed for arsenic con-
tent. All samples contained <1 ng As/mL. Ground
water GL4i from Waste Management Area "F" taken in
1978 November contained 1 ng As/mL. Other ground water
samplers were dry due to the very low water table.

3.11 COOPERATION WITH OUTSIDE ORGANIZATIONS

3.11.1 National Bureau of Standards, Washington, P.C., U.S.A.
- W.F. Merritt

Four thousand kilograms of organic sediment from
the bottom of Perch Lake were collected for the pre-
paration of a high-organic, low-level radioactive,
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3.11.1 National Bureau of Standards, Washington, P.C., U.S.A.
(cont'd)

standard material. This program was carried out
through the National Bureau of Standards (NBS) in
Washington, under the auspices of the International
Committee for Radionuclide Metrology. The material
was dewatered at the Waste Water Technology Centre
in Burlington and then freeze-dried by a commercial
firm in Oakville. The resulting 260 kg of dry
material was shipped to NBS which will be responsible
for homogenization and standardization. The standard
will eventually be made available for quality control
in laboratories doing low-level radiochemical analysis.

3.11.2 Analysis of Soil Samples for Queen's University - E.L.
Cooper, G. Lahaie and J.H. Munch

Soil samples collected at CRNL were analyzed
for K.E. Lyon, Queen's University. Eighteen of these
samples were assayed for low levels of beta activity
and 137cs was determined in six samples by high-
resolution gamma ray spectrometry.

3.11.3 Survey of East Swamp - P.C. Jay

Tritium analyses of water samples taken from
the East Swamp near the CRNL Liquid Waste Disposal
Area are continuing in cooperation with D.R. Lee of
the University of Waterloo.

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

The Background Air and Particulate Sampling
Station established on the Mattawa Road in the CRNL
controlled area in cooperation with the Atmospheric
Environment Service of Environment Canada has been in
operation since 1978 July 05. The monitoring site
now comprises the above air sampling station, a pre-
cipitation gauge and a thermistor-controlled Sangamo
Type A precipitation collector. The site is main-
tained daily and precipitation samples and the air
filters are forwarded to the Atmospheric Environment
Service, Downsview, for analysis. The pH of precipi-
tation samples is determined immediately using an
aliquot.
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3.12 CONTAMINANT HYDROGEOCHEMISTRY - R.E. Jackson and K.J.
Inch

Analyses of the contaminated aquifer materials
are almost complete.

Interstitial waters obtained by the squeezing
method were analyzed by neutron activation (in cooper-
ation with W.F. Merritt) for those cations which
might compete with 90Sr and l37Cs for exchange sites
(e.g. Ba2+, Ca2+) .

Contaminated ground water and soil samples ob-
tained after centrifugation were counted in order to
determine the distribution coefficient for l37Cs and
90sr. Strontium-90 must first be radiochemically
isolated from matrix interferences (e.g. Ca 2 +).

Cation exchange capacities of the soils were
measured by saturating them with IN cobalt chloride
containing approximately 100 yCi* 6°Co/]iL for about 24
hours. The soils were also leached of Fe(0H>3 and
MnO2 oxyhydroxides to determine the effects of these
potential sinks on the adsorption of 90sr an<^ -*-37Cs.

The mineralogy and size distribution of the
soils is being determined. Each size fraction of each
sample is also being counted to see if there exists
an affinity of micaceous minerals for 90sr and 137cs.

The mineralogy and size distribution of the
soils is being determined. Each size fraction of
each sample is also being counted to see if there
exists an affinity of micaceous minerals for 90
and 137cs.

3.13 RATIO OF AQUEOUS TO ORGANICALLY-BOUND TRITIUM IN
MILK AND VEGETATION - R.M. Brown and C D . Fraser

Several workers have reported a higher concen-
tration of tritium in the organically-bound hydrogen
than in the aqueous hydrogen of milk and vegetation.
This is being checked on milk and fruit samples from
the vicinity of the Pickering Nuclear Generating
Station. Preliminary results on milk samples do

* 1 Ci = 37 GBq
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3.13 RATIO OF AQUEOUS TO ORGANICALLY-BOUND TRITIUM IN
MILK AND VEGETATION (cont'd)

indicate a higher T/H ratio in the organically-bound
hydrogen, but the samples are so close to natural
levels that they are very sensitive to contamination
during preparation for combustion. Further analyses
under more stringent conditions to guard against con-
tamination are under way. Samples of fruit having
tritium content above potential contamination levels
are also being analyzed.

3.14 TRITIUM IN STREAMS NEAR CRNL - R.M. Brown, C D . Fraser
and G. Lahaie

About 45 streams and lakes in the Chalk River
area have been analyzed for tritium as part of a con-
tinuing annual survey. Streams close to CRNL show a
slight year-by-year increase attributable to continuing
dispersal of reactor tritium in the area.

3.15 GROUND WATER MOVEMENT AT WNRE WASTE DISPOSAL AREA -
R.M. Brown and C D . Fraser with O. Quinn and J.A.
Cherry, University of Waterloo

Fifty more water samples from the ground water
recharge site under investigation at WNRE have been
analyzed to observe the distribution of bomb-test tri-
tium and hence define the infiltration pattern of pre-
cipitation during the past 25 years. Results indicate
a surprisingly irregular pattern of movement of water
in the saturated zone below the recharge area. The
bomb-tritium labelled water of recent years has moved
around mounds of old tritium-free water in spite of
the supposedly uniform nature of the aquifer material.

Sampling and analysis of other isotopes con-
tinues.
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3.16 MP TANDEM ACCELERATOR MEASUREMENT OF NATURAL ISOTOPE
RATIOS - R.M. Brown with H.R. Andrews, G.C. Ball, W.G.
Imahori (NRX Operations Branch) (See Section 2.23,
PR-P-20, AECL-6452).

3.16.1 Carbon-14

14
Elemental carbon samples having C content rang-

ing from 291% modern (laboratory air CO2) to 1.1%
modern (equivalent to a l^c age of 37025 years) have
been prepared by reduction of appropriate CO2 mixtures
with molten Mg. Sources of 10 mg C each on stainless
steel mounts gave currents of about 1 pA from the ac-
celerator ion source resulting in a count rate of
about 20 counts/minute from a 100% modern sample, com-
parable to intensities observed in the last run with
30 mg sources. A major improvement in yield from the
ion source is desirable to obtain better statistical
accuracy for short counting times. A new ion source
is under construction.

The beam transport, monitoring and detection
systems have been improved significantly. A system
now alters the terminal voitage and inflection magnet
field periodically to switch from the 14c beam to the
12c beam to check maintenance of proper operating con-
ditions. This provides a 14c/12c ratio to be normalized
to that of a standard run subsequently. In this run,
the 12c monitoring cup was at the end of the accelera-
tor, hence fluctuations in transmission from accelera-
tor to spectrometer were not compensated for. This is
the chief remaining source of error and will be corrected
by placing the ^-2C cup at the spectrometer.

A sample nominally 18.2% modern was measured as
(14.6 ± 1.2)%, one nominally 1.1% modern was measured
as (1.0 ± 0.3)%. The errors quoted are the l.a statis-
tical errors for the counts accumulated.



3.16.2 Chlorine-36

Tests with AgCl sources were not successful in
observing 36ci, due to interference by excessive 36s
and an inadequate velocity filter. Sulfur-36 was
eliminated by operating on a higher charge state but
only at the cost of an unacceptable reduction in Cl
beam intensity. Thus, better sample purification from
S is required. A more powerful velocity filter is
required to reduce 35C1 and 37ci reaching the detector
and allow stronger beam currents, hence higher 36ci
intensity.

3.17 ENVIRONMENTAL IMPACT ASSESSMENT - I.L. Ophel and P.J.
Barry

An environmental assessment group is being
formed within the Branch to produce models and proce-
dures for pathways analysis of radionuclide transport
in ground waters, surface waters and aquatic food
chains. Staff are currently being recruited for this
group. The program is part of the CRNL contribution
to the Canadian Waste Management Program being directed
from WNRE.

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

TLDs placed at the perimeter of the CRNL exclu-
sion area are used to measure mean exposure rates and
the annual integrated exposures. Results in Table 3.18
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.



3.18 GAMMA EXPOSURE RATES AT THE CRNL BOUNDARY (cont'd)

Table 3.18. TLD Gamma Exposure Rates in Public Areas
TÏÏ7H1

Location
(See Fig. 3.18.1)

1

2

3

4

5

6

7

8

13

Harrington Bayt

Deep River

Third Quarter
1978

10.2

7.4

5.1

6.9

5.1

4.2

5.6

8.3

9.3

6.4

6.0

1976
Average

10.4

5.4

4.3

5.9

4.8

5.4

5.4

7.9

8.5

6.6

6.2

1977
Average

10.2

6.0

3.6

6.0

5.6

4.0

5.2

7.6

7.7

7.6

4.2

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

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

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

Precipitation samples collected at Deep River
were analyzed radiochemically for 90sr an<3 spectrometri-
cally for 13^cs an(j other gamma emitters. Monthly com-
posite samples of water from the Ottawa River, collected
at Rolphton, Deep River, Pembroke and CRNL, were also
analyzed for gamma emitting nuclides, tritium and 90gr_
The results are shown in Figure 3.19.1. In general,
the main source of activity in these samples continues
to be weapons' fallout.



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

At CRNL, three liquid effluent streams discharge
radioactivity to the Ottawa River from the inner area.
They are the Process and Sanitary Sewers plus the 04
Storm Sewer combined with 04A seepage. Each of these
is sampled regularly and analyzed for individual
nuclides. The mean daily releases from the Process
Sewer are given in Table 3.20 for the third quarter
of 1978. Most of the radionuclides are measured by
gamma ray spectrometry.

Table 3.20. Mean Daily Release from the Process Sewer
Third Quarter 19 78

Radionuclides

90Sr

137Cs

144Ce

106Ru

140Ba

1 3 1I

2 3 9 N P

95Zr

54Mn

46Sc

59Fe

65Zn

60Co

Daily ]
mCi/d

2

5

15

N.D.*

32

23

53

16

6

7

7

10

3

Release
MBq/d

74

185

555

N.D.*

1184

851

1961

592

222

259

259

370

111

*Not detectable



3.20 LIQUID EFFLUENT MONITORING (cont'd)

Perch Creek (see Fig. 3.18.1) draining Perch
Lake and the Disposal Areas, also flows into the
river and is sampled regularly. The total amount of
radioactivity discharged from CRNL per day is calcu-
lated from the measured flow rates and radionuclide
concentrations in individual streams (Fig. 3.20.1).

At no time did the average concentrations of
radioactivity in the combined effluent flows exceed
1% of the International Commission on Radiological
Protection (ICRP) 40-hour occupational Maximum Per-
missible Concentration for drinking water (MPC ).

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

Weekly samples and flow readings were taken at
weirs on the surface streams carrying contaminated
seepage water from the Liquid Disposal Area into Perch
and Maskinonge Lakes (see Fig. 3.18.1). Most samples
were combined and analyzed monthly for 3H as well as
quarterly for gamma emitting radionuclides and ^Ogr.
Strontium-90, 60co and 3H are still the main contami-
nants in the Perch Lake basin.

3.22 GAMMA EXPOSURE RATES IN THE EXCLUSION AREA - E.L.
Cooper, G. Lahaie and L.A. Mask

Shielded (indoor) and unshielded (outdoor) gamma
ray exposure rates in the CRNL exclusion area are
given in Table 3.22. The reduction in exposure rate
observed in Bldg. 513 is due to shielding from 35 cm
of concrete in the floors above the detector.
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3.22 GAMMA EXPOSURE RATES IN THE EXCLUSION AREA (cont'd)

Table 3.22. TLD Gamma Exposure Rates in Exclusion Area*
r§ (yR/h)

Location
(See Fig. 3.18.1)

9

10 (office)**

11

16 +

First
Quarter

39.3

15.4

7.5

13.0

Second
Quarter

30.8

13.6

8.6

10.9

Third
Quarter

25.5

12.0

10.2

10.2

1977
Average

28.2

22.6

11.9

-

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

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

tOffice in CRNL cafeteria.

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

A number of soil samples have been analyzed by
gamma ray spectrometry at the request of the Atomic
Energy Control Board. Radium-226, 2 2 8 R a , 238u, 2 2 8 T n
and 4 0 K concentrations were determined. Three of the
samples were from the Bancroft area and the 226Ra
concentrations in these varied from 0.2 to 0.6 pCi+f/g.
Nineteen soil samples were received from the Elliot
Lake area. The 226$ a concentration in these samples
ranged from 0.4 to 3.6 pCitt/g.

A further 33 samples were obtained in 1978
November. These are currently being analyzed.

t+1 Ci = 37 GBq



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

Average concentrations of tritium in streams
within the exclusion area are given in Table 3.24 to-
gether with the amount released during the third
quarter of 1978.

Table 3.24. Tritium in Streams in the Exclusion Area
Third Quarter 1978

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek weir

Duke Stream*

Concent
yCi/L

0.033

0.015

0.082

0.099

3.495

.ration
kBq/L

1

0

3

3

]

.23

55

.03

66

L29

Quarte
Ci

462

1.6

20.9

16.0

51.8

rly

1.

Release
GBq

71 x 104

60.3

773

592

1917

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

all other

3.25 SURVEY SUMMARY - E.L. Cooper

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

3.26 MONITORING OF LIQUID EFFLUENT FOR PLUTONIUM ISOTOPES -
E.L. Cooper and G. Lahaie

A new procedure has been adopted for the measure-
ment of plutonium isotopes in water samples. In this
procedure the plutonium is concentrated from a large
volume of water by co-precipitation with ferric hydrox-
ide. Purification of the plutonium is achieved on an
anion exchange column. The sample activity is assayed
by alpha spectrometry with electroplated sources.



3.26 MONITORING OF LIQUID EFFLUENT FOR PLUTONIUM ISOTOPES
(cont'd)

This procedure has better sensitivity and greater
selectivity than the procedure which was being used
previously. In addition, the determinations are more
quantitative, since a yield tracer (236Pu) is used.
The use of alpha spectrometry also allows the separate
determinations of 238pu and 239,240pu.

The ratio of 238Pu activity to 239,240Pu c a n ^e
used to distinguish plutonium emissions from that due
to world-wide fallout.

Commencing in 1978 December, the new procedure
will be applied to the effluents from the Process and
Sanitary sewers.

3.27 PUBLIC INFORMATION ON ENVIRONMENTAL RESEARCH - I.L.
Ophel and J.M. Judd

A 35 mm colour slide presentation with synchro-
nized sound showing the research activities of the
Environmental Research Branch has been prepared. It
is suitable for viewing by general audiences. A
further slide presentation for scientific audiences
is in preparation.

A brochure explaining environmental research and
showing areas of current research has been prepared.
This brochure is suitable for distribution to the
general public.

3.28 PUBLICATIONS

BARRY, P.J. Letter to Editors: Long term statistics
of peak/mean concentrations from a point source.
Atmos. Envir. 12: 1931-1932.

McMAHON, J.W. and A.E. DOCHERTY. Phytoplankton and
cooling systems: Temperature effects using different
intake and discharge depths. J. Water Res. 12:
925-929.



3.28 PUBLICATIONS (cont'd)

PICKENS, J.F., J.A. CHERRY, R.W. GILLHAM and W.F.
MERRITT. Field studies of dispersion in a shallow
sandy aquifer, pp. 55-62 in Proa. Invitational Well
Testing Symp. Lawrence Berkeley Laboratory, Univer-
sity of California, BERKELEY, CA. LBL-7027

3.29 VERBAL PRESENTATIONS*

3.29.1 Presented Papers

BROWN, R.M. Environmental tritium in trees. IAEA/NEA
Int. Symp. on Behaviour of Tritium in the Environ-
ment, San Francisco, CA., 1978 October 16-20. TO BE
PRINTED IN PROC.

3.29.2 Lectures or Seminars

MERRITT, W.F. High-level wastes incorporated into
glass. Westinghouse Power Corporation, Pittsburg,
PA., 1978 October 03.

MERRITT, W.F. Glass block recovery. Atomic Energy of
Canada Limited, Whiteshell Nuclear Research Establish-
ment, Pinawa, Manitoba, 1978 December 05.

OPHEL, I.L. Participated in IAEA Advisory Group on
Low- and Intermediate-Level Radioactive Waste Burial
Grounds, Salzburg, Austria, 1978 October 30 to
November 03.

3.29.3 Local Talks

MERRITT, W.F. Glass blocks: CRNL's contribution to
high-level waste management. Atomic Energy of Canada
Limited, Chalk River Nuclear Laboratories, Chalk
River, Ontario, 1978 December 08.

OPHEL, I.L. Environmental problems of Canadian mining
and milling wastes. AECB/AECL R & D Exchange Meet-
ing, Chalk River, 1978 December 19.

'Papers in this section are generally not available in
print



3.30 INVITED SPEAKERS*

Dr. A.T. Jakubick, Kernforschungszentrum Karlsruhe,
Federal Republic of Germany - "Transfer and Disper-
sion of Plutonium in Soil", 1978 October 31.

Dr. T.R. Holm, University of Wisconsin, Madison -
"Heterogeneous Interactions of Methylated and In-
organic Arsenic Species in Aquatic Systems", 1978
November 08. (Joint Biology & Health Physics
Division and Chemistry & Materials Division Seminar)

Dr. A.S.W. De Freitas, National Research Council of
Canada, Ottawa - "Seasonal Influences on Mercury
Dynamics in the Ottawa River", 1978 November 21.

Dr. G.J. Brunskill, Freshwater Institute, Winnipeg -
"The Flux of Lead-210 to Lake Sediments", 1978
December 01.

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

by

Howa rd B. Newcombe

A.l Staff (October - December 1978)

k.2 Aims of the Branch

TUMOUR INDUCTION IN MAMMALS

h.3 Synergistic effects in radiation carcinogenesis

h.k Verbal Presentations
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k.1 STAFF

Branch Head - H.B. Newcombe

Hereditary changes and tumour induction in vertebrates

Assistant J.F. McGregor

Secretarial - C.L. Nagy



- 55 -

k.2 AIMS OF THE BRANCH

The Branch attempts to obtain biological data with which
to assess the consequences of exposing large numbers of people to
low levels of radiation. Information is derived from irradiated
and unirradiated populations of laboratory animals.

TUMOUR INDUCTION IN MAMMALS

h.3 SYNERGISTIC EFFECTS IN RADIATION CARCINOGENESIS -
H.B. Newcombe and J.F. McGregor

Further analyses of the observed reduction in body weight
of rats exposed to localized surface doses of beta radiation, from
1600-12,800 rads (16 to 128 Gy), in twofold steps, at seven months
following the irradiations (PR-B-119) have shown that the effect
is almost certainly attributable to early ulcération induced by
the heavy doses of radiation. With an increase in severity of the
ulcérations the body weight significantly decreased (p <0.05).
Since most of the ulcérations had healed by the time of the seven-
month weighings, it was wondered whether the normal physiological
processes of body growth had been permanently impaired. Thus a
second set of weighings was carried out at 12 months when the
animals were almost fully grown. These data showed a similar level
of weight loss; the differences between the means were 5^-9 and 5^.2 grams
for the earlier and later weighings, respectively, comparing the
combined irradiated groups with their controls. The material is
being prepared for publication.

Localized exposure of the skins of 105 mutant hypotrichotic
rats (so called hairless) and \\k normal siblings to 2,^00 rads
(2k Gy) of beta radiation has been carried out for the purpose of
determining the tumor yields for the two types of skins. A previous
test using a lower dose showed that these animals, which are
Long-Evans derived, are more resistant to skin tumor induction than
are Sprague-Dawley CD rats; thus the higher dose needed testing.
The experiment is expected to chrow some light on the orig'ns of
the induced tumors, since it is generally believed that mo 1. tumors
in the rat are derived from the hair follicles. Therefore,
extrapolation from normal rats to man might well be grossi,' inflated.

An experiment has been started for the purpose of verifying
an observation that indicated a reduction in radiât ion-induced
skin tumors as a result of post-irradiation hyperthermia. Two
hundred animals have been exposed to a known tumor-producing dose of beta
radiation and will receive hyperthermia treatment at a determined
time. The details of this experiment will be given in a later
report.



VERBAL PRESENTATIONS

Newcombe, H.B., Presentation of paper "Measuring the Public
Health Impact of the Aneuploidies" at the Workshop on
Systems to Detect Induction of Aneuploidy by Environ-
mental Mutagens, Savannah, Georgia, 1978 November 5"8.

Newcombe, H.B., Presentation to British Columbia Medical
Association representatives, Vancouver, B.C
1978 November 18.
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BIOLOGY BRANCH

by

D.K. Myers

5.1 Staff

5.2 Aims of the Branch

BIOCHEMISTRY AND MOLECULAR BIOLOGY

5.3 Ionizing Radiation Damage in Bacterial Cell Walls

5.4 Radioactive Labeling of Ultraviolet Photoproducts

5.5 Repair of Pyrimidine Dimers in DNA of UV-Irradiated
Micrococcus radiodurans

5.6 High Performance Liquid Chromatography (HPLC) Analysis
of Radiation-Induced Lesions in DNA of Mammalian Cells

5.7 Effect of Near UV Radiation on Escherichia coli:
1. Formation of Cyclobutane Pyrimidine Dimers in DNA
jji vitro

5.8 Near and Far UV Light Induced Lesions in the DNA of
Cultured Human Cells

5.9 Hypersensitivity to Cancer-Causing Chemicals in
Cultured Cells from Patients with Ataxia Telangiectasia

5.10 In vitro Radiosensitivity and DNA Repair in Human
Genetic Syndromes and Families at High Risk of Cancer

GENETIC AND POPULATION STUDIES

5.11 Studies on the Induction of Recombination "competence"
in Yeast

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

5.13 Induction of Genetic Changes in Yeast

5.14 Radiation-Induced Tumors in Rats

5.15 Assessment of Radiation Hazards to Human Populations

5.16 Publications
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5.17 Verbal Presentations

5.17.1 Presented Papers

5.17.2 Lectures or Seminars

5.17.3 Local Talks
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5.1 STAFF

Biochemistry of DNA and RNA
H.C. Birnboim

Branch Head - D.K. Myers

Assistants

Radiation Biochemistry
D.K. Myers

Radiation Damage in Cell Walls
and Membrane

R.E.J. Mitchel

Assistants

J.J. Jevcak
A.G. Knight

L.D. Johnson
V.M. Clermont

Enzymatic Repair of Radiation
Damage to DNA

N.E. Gentner

DNA Repair in Cultivated
Human Cells

M.C7 Paterson
P.J. Smith
J. Cadet1

N.T. Bech-Hansen

DNA Replication and Repair in Fungi
~ ?. Unrau

D.P. Morrison

Bacteriophage T4 Genetics
J.D. Childs

Secretarial
CTT. Walters

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

Assistant K.M. Baird

Assistant M.M. Werner

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

Assistant E.F. Seguin

Assistant R. Pilon

5.2 AIMS OF THE BRANCH

Research in the Biology Branch is directed towards
an understanding of the effects of ionizing radiation
on living organisms, with a particular interest in
assessment of the genetic and carcinogenic hazards
of low-level radiation to human populations. Attention
is given to the entire chain of events by which the

^ Cadet, a Visiting Scientist from Centre D'Etudes
Nucléaires de Grenoble, Grenoble, France, left Biology Branch
1978 October 13.
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initial radiation-induced changes in the living cell
are translated into significant biological effects.
The most critical target for damage by radiation or
radiomimetic chemicals in the environment appears to
be DNA, the carrier of hereditary information in all
living cells. The harmful consequences of this initial
damage to DNA can be diminished 1000-fold or more by
repair processes in the living organism. An improved
understanding of the DNA repair mechanism would thus
seem to be crucial for a proper interpretation of the
shape and position of radiation dose-effect curves and
consequently for assessment of the hazards of low-
level radiation to humans and other living organisms.
Research activities in the Branch are currently focussed
on this area.

S.3 IONIZING RADIATION DAMAGE IN BACTERIAL CELL WALLS -
R.E.J. Mitchel and K.M. Baird

Ionizing radiation induces the release of an exo-
nuclease and a lipopolysaccharide from the cell wall of
Micrococcus radiodurans. The release mechanism is
known to be initiated by hydroxyl radicals and proceed
via one or more intermediate induced radicals in the
cell wall. The cell wall of this bacterium contains
a carotenoid which gives the organism its characteristic
red color. This carotenoid is located in the same mid-
wall membrane as the radiation releasable exonuclease
and lipopolysaccharide. Since carotenoids are known
to be very reactive with free radicals, this compound
was examined as a potential intermediate in the release
mechanism. Spontaneous mutants of M. radiodurans devoid
of the carotenoid wall pigment were isolated"! Four of
these mutants were Y~irradiated and the rate of release
of polysaccharide and exonuclease with dose was compared
to the wild type organism. It was found that both
wall components are released at the same rate from pig-
mented and unpigmented cells, indicating that the wall
carotenoid is not an intermediate in the release
mechanism and that it has no influence on the rate of
release. Another unpigmented mutant of M. radiodurans
was isolated and shown to lack the y-releasable wall
exonuclease. The -y-induced release of polysaccharide
from this organism was found to be no different from
other unpigmented or pigmented strains, indicating the
release of the lipopolysaccharide wall components is
not dependent upon the presence of the exonuclease.
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5.4 RADIOACTIVE LABELING OF ULTRAVIOLET PHOTOPRODUCTS -
R.E.J. Mitchel, J.J. Jevcak, and A.G. Knight

A method for labeling of ultraviolet photoproducts
in DNA is being explored. The procedure employs the
enzyme polynucleotide kinase to transfer P32 from ATP32

to the photoproduct. Synthetic pyrimidine oligonucleo-
tides have been UV irradiated to generate damage and the
resulting products are being exposed to the enzyme in
an attempt to determine the ability of the kinase to
transfer P32 to a damaged residue. Preliminary evidence
indicates that less than 10-12 moles of product can be
easily isolated, using an electrophoretic system for
separation and analysis. Results suggest that most
damaged residues are inhibitory to the kinase and that
maximum efficiency occurs only when transfer is to an
undamaged nucleotide. Procedures to produce oligo-
nucleotides containing an undamaged nucleotide adjacent
to a damaged residue are being explored.

5.5 REPAIR OF PYRIMIDINE DIMERS IN DNA OF UV-IRRADIATED
MICROCOCCUS RADIODURANS - N.E. Gentner, M.M. Werner,
and V.M. CTermont

High performance liquid chromatography (HPLC) on
reversed phase^ columns has been used to study the kinetics
of repair of TT and CT (thymine dimer and cytosine-thymine
dimer, respectively) dimers induced by 254 nm radiation in
M. radiodurans cells whose DNA was labelled by incorporation
of TH-thymidine. In wild-type cells, most (>95%) of the
dimers are removed in a rapid process, apparently excision
repair, in the first half-hour. Cj dimers are removed at
about 2/3 the rate of removal of TT dimers. The re-
combination-deficient and UV-sensitive mutant rec30 rapidly
removes the majority of dimers with kinetics similar to
wild-type cells, but is defective in handling the last M O !
of TT dimers and the last ^20% of CT dimers. Thus fun-
ctions involving recombination are critical in ridding the
DNA of a small but significant fraction of the initial
number of dimers. The UV-sensitive mutant UV-17 has been
shown to be excision-defective: in the initial rapid
repair component, TT dimers are removed at M / 2 the rate
of wild-type, and CT dimers at M/6 the rate. Cytosine-
containing dimers nuiy be the major factor in the lethal
effect of UV light in this organism.

5.6 HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC) ANALYSIS
OF RADIATION-INDUCED LESIONS IN DNA OF MAMMALIAN CELLS -
J. Cadet, N.E. Gentner, and M.C. Paterson

Thymine glycol is a y-radiolysis product of thymine,
and a base lesion of a type whose repair may be deficient
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in human cells cultured from some individuals with the ;
disease ataxia telangiectasia. The use of high per-
formance liquid chromatography (HPLC) to follow repair
of thymine glycol has been complicated by the substantial
formation of this glycol from autoradiolysis of the
tritiated thymidine incorporated into DNA. The substantial
formation of thymine glycol by autoradiolysis, even in
control (unirradiated) cells, is apparently not detected
by the method used by Hariharan to analyse such radio-
products.

The HPLC procedure, however, has proved invaluable
in the rapid determination of pyrimidine dimers induced
by ultraviolet radiation. Its sensitivity is superior
to other chromatographic procedures and approaches that
of the i_n vitro UV-endonuclease assay; moreover, it
allows us to differentiate between different types of
pyrimidine dimers, which the enzymatic assay does not.
Earlier studies in our laboratory have suggested that
certain human diseases (e.g., xeroderma pigmentosum)
implicated as DNA repair-deficient may be defective
in repair of a particular type of dimer.

5.7 EFFECT OF NEAR UV RADIATION ON ESCHERICHIA COLI:
1. FORMATION OF CYCLOBUTANE PYRIMIDINE DIMERS IN DNA
IN VITRO - J.D. Childs, M.J. Ellison*, and R. Pilon

Most studies on the biological effect of UV light
have involved the use of far UV (chiefly 254 nm).
However due to adsorption of far UV by the ozone layer
surrounding the earth, the biological effect of solar
UV<290 nm is negligible. Most of the biological effect
of sunlight is due to UV light from 295-515 nm. The
formation of cyclobutane pyrimidine dimers in DNA has
also only been studied in detail using far UV (254 nm
or 265 nm)^ irradiation. In these studies the average
ratio of CC:CT:TT (cytosine dimer, cytosine-thymine
dimer and thymine dimer, respectively) formed in E. coli
DNA with low fluences (<300 J/m2) of UV irradiation was
0.35:0.65:1.0. We have measured the yield of these
three dimer species during irradiation of E. coli DNA
with UV light A£rom 254 nm to ,320 nm. We found that
the yield of CT relative to TT at low fluences increased
from 0.6:1.0 at 254 nm to a maximum of 1.5:1 ât 313 nm
and then declined to 0.9:1 at 320 nm. The CC dimers
reached an equilibrium between formation and splitting
at very low fluences at all wavelengths and did not
account for more than 25% of the total pyrimidine dimers
at the lowest fluence (equivalent t£ 200 J/m2 at 254 nm)
at any of the wavelengths. Thus CT dimers are numerically

*Summer Undergraduate Student (May-September 1978) from
University of Toronto, Toronto, Ontario
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more important than TT dimers in 313 nm-irradiated
E. coli DNA and probably in 313 nm-irradiated DNA from
other organisms. Their actual importance jji vivo will
depend not only on their relative rate of formation but
on the relative rates of removal and the relative potential
for mutation induction of each dimer species.

5.8 NEAR AND FAR UV LIGHT INDUCED LESIONS IN THE DNA OF
CULTURED HUMAN CELLS - P.J. Smith and M.C. Paterson

Continuing our studies on the comparative effects
of near (313 nm wavelength) and far (254 nm wavelength) UV-
irradiation on human diploid fibroblasts, we have under-
taken experiments to clarify the DNA lesions induced
at the two wavelengths.

Near UV light, when compared to far UV light on an
equal killing dose basis, is approximately ten-fold more
efficient at inducing single strand breaks (including
alkali labile bonds). For example, 4 x 101* J/m2 at 313
nm (approximately 4 lethal hits) induces 0.26 ± 0.08
breaks/107 daltons compared to 0.01 ± 0.01 breaks/107

daltons induced by 10 J/m2 at 254 nm (approximately 2
lethal hits). The low biological effectiveness (in
terms of lethal hits per J/m2) of near UV light compared
to far UV light is a reflection of the preferential
absorption of short wavelengths (230-285 nm) by nucleic
acids.

We have also investigated the susceptibility of DNA
purified from irradiated normal human fibroblasts to the
following putative lesion-recognizing enzyme preparations
from Micrococcus luteus (1-6) and Aspergillus oryzae (7):

1) UVEi: a partially (150 fold) purified endonuclease
described as specific for cyclobutane dimer
containing sites (supplied by M.L. Heijneker)

2) UVE2: a highly purified (>300 fold) endonuclease
showing activity towards UV-irradiated DNA
(supplied by L. Grossman)

3) MLEi: a crude extract of freeze dried cells con-
taining proteins precipitated, at 65%
saturation by ammonium sulphate

4) MLE2: as for 3) but containing proteins precipitated
at 65-901 saturation by ammonium sulphate

5) WT : a crude extract as in 3) using exponentially grow-
ing wild type (Fleming strain) M. luteus cells

6) M2-2: a crude extract from a UV sensitive strain
(strain supplied by C.A. van Sluis)



7) Sj : an endonuclease specific for single strand
DNA (purchased from Miles Laboratories)

Using enzyme-substrate conditions under which the
reactions proceed to completion, it was found that UVEi ,
UVE2, MLEj, and WT enzyme preparations had similar
strand breaking activity towards DNA from near UV
(2-4 x 10- J/mr) or for UV (5-15 J/m2) irradiated
fibroblasts.

Thus purification of the UVEj and UVE2 enzymes does
not appear to have excluded any additional activity to-
wards near or far UV irradiated DNA. At a near UV
fluence of 4 x 10" J/m2 (4 lethal hits) the ratio of
UV-endonuclease susceptible sites to directly induced
scissions is 25:1.

The MLE preparation had 50% of the MLEj activity
towards near UV irradiated DNA, showing that the majority
of the lesion-recognizing activity is salvaged by the
crude extraction procedure. Furthermore the M2-2
extract showed <5% of wild type activity towards both
near and far UV irradiated DNA. We could find no evidence
that the Si nuclease recognized a significant number of
directly induced near or far UV light DNA lesions.

The conclusion that the six M. luteus enzyme pre-
parations are predominantly recognizing common lesions
for near and far UV light (i.e., pyrimidine dimers) was
confirmed by photoreactivation experiments. In these
latter experiments, >90% of the lesions induced at both
wavelengths could be corrected by pre-treatment with an
enzyme which specifically monomerizes dimers upon
exposure to visible light.

In conclusion, we view damage induced at 254 nm or
313 nm wavelengths as being similar in terms of lesions
recognized by our enzymatic assays, and predominantly
of the cyclobutane pyrimidine dimer type. Our previous
observations suggest that there is no simple relation-
ship between inactivation rates at the two wavelengths
when fibroblast strains with different sensitivities
to UV light are compared. Therefore we are presently
investigating the role of strand breakage and specific
dimer classes in determining the lethal effects oF near
and far UV light.



5.9 HYPERSENSITIV1TY TO CANCER-CAUSING CHEMICALS IN
CULTURED CELLS FROM PATIENTS WITH ATAXIA TELANGIECTASIA -
M.C. Paterson, M.V. Middlestadt*. P.J. Smith, B.P. Smith,
and N.T. Bech-Hansen

Persons afflicted with ataxia telangiectasia (AT),
a rare hereditary disease characterized by neurovascular
and immunologie abnormalities, are at high risk of cancer
and respond catastrophically (often fatally) to standard
radiotherapy treatment. Extreme sensitivity to ionizing
radiation is also observed in laboratory studies; e.g.,
cells cultured from skin biopsies of AT patients display
lower post-y-ray survival than cells derived from clinically
normal persons.

We have compared the survival of 3 cell lines from
unrelated AT patients [AT2BE (CRL 1343), AT3BI, AT4BI]
with two control cell lines from normal persons [GM 38,
GM 498] following exposure to appropriate doses of three
cancer-causing chemicals: ethyl-N-nitrosourea (ENU),
N-methyl-N'-nitro-N-nitrosoguanidine (MNNG), and methyl
methanesulfonate (MMS). These three chemical agents
were selected because their biological effects appear
to mimic those produced by irradiation. The data, expressed
as values of D.Q (dose needed to reduce survival to 1
of unirradiatea levels) can be summarized as follows:

Strains ENU (x ÎQ-1* M) MNNG (x 10~6 M) MMS (x ÎO"1* M)
Control 50-55 16 11-12.5
AT 25-30 6-9 8-12

The AT cell lines are ^2-fold more sensitive than the
controls to ENU and MNNG, but are near normal in their
response to inactivation by MMS (only ^1.2 times more
sensitive). It is noteworthy that a major reaction
product induced in DNA by ENU and MNNG, but not by MMS,
is O6-alkylguanine. This lesion is strongly implicated
in the induction of malignant tumors in the central
nervous system of rodents. Our earlier molecular studies
suggested that certain AT cell lines are defective in
the excision of radiation-induced damage to the DNA
bases, and it may be that these same cell lines are
also impaired in the removal of 06-alkylguanine residues.
This possibility is presently under investigation.

Our findings also have practical relevance in the
treatment of AT patients who have fully cooperated with
little hope of personal benefit. When practicing
oncologists are faced with the task of selecting the
mode of therapeutic treatment for malignancy in these

*Summer Undergraduate Student (May-September 1978) from
Queen's University, Kingston, Ontario
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patients, resource to systemic chemotherapy should not
be made without full awareness of possible hypersensitive '
reaction to certain radiomimetic drugs.

5.10 TN VITRO RADIOSENSITIVITY AND DNA REPAIR IN HUMAN GENETIC
SYNDROMES AND FAMILIES AT HIGH RISK OF CANCER -
N.T. Bech-Hansen, B. Sell, and M.C. Paterson

The central objective of this project is to under-
stand the role of inefficient repair of DNA damage in
the development of cancer. For these studies we are
using fibroblast strains which were established from skin
biopsies of individuals with or at high risk of cancer.
In our various biological and biochemical assays, it is
essential that the cellular physiology has not been
altered by the presence of mycoplasma contamination.
Such contamination may alter the state of the chromatin,
the growth rate or, more critically, alter the nucleic
acid metabolism of the cells. Specifically, the uptake
and incorporation of exogenous nucleosides into nucleic
acids are altered most likely due to the presence of a mycoplasme!
enzyme, nucleoside phosphorylase, which cleaves nucleo-
sides to their free bases: this enzyme activity in infected
cells is thought to explain the frequently seen decrease
in uridine incorporation into cellular RNA. At the same
time there is extensive incorporation of exogenous
uracil into mycoplasmal RNA. These two parameters are
taken advantage of in the specific assay (adapted from
Schneider and Stanbridge, 1975; Peden, 1975) which we
routinely use to measure mycoplasmal contamination in
our fibroblast strains. The cultures are incubated in
growth medium containing a 250 fold excess of 3H-uracil
(Sp. Act. 23.3 Ci/mmol (862.1 GBq/mmol)) to '"C-uridine
(Sp. Act. 0.464 Ci/mmol (17.168 GBq/mmol)) for 6-18 h
and the amount of radioactivity incorporated into
nucleic acids is measured.

Condition of
cells

Level of radioactivity
Incorporated (dpraif -

Ratio
Normalized
ratio

Uninfected

Infected with
Acholeplasma
laidlawii A

Infected with
Mycoplasma
hyorhinis

1,181 21,982

305,085

317,414

19,703

6,511

0.054

15.48

48.85

287

904
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Using this double radioactive label technique, we
have analyzed 15 human fibroblast strains and found the
3H:1I|C ratio in every case to be less than 0.06, in-
dicating that these lines are mycoplasma-free.

We are presently analyzing the DNA repair capacity of
these human strains using various biological and bio-
chemical assays.

5.11 STUDIES ON THE INDUCTION OF RECOMBINATION "COMPETENCE"
IN YEAST - D.P. Morrison, P. Unrau, and E.F. Seguin

Fabre and Roman [Proc. Nat. Acad. Sci. U.S.A., 74
(1977)] have argued, based on genetic evidence, that
radiation induced mitotic gene conversion in the yeast
^. cerevisiae requires a state of recombination "competence",
which is achieved by the induction of a recombinational
repair process. Many mutants of yeast which are sensitive
to ionizing radiation have been identified. Studies on
one group of these, the rad50-rad57 series, has result-
ed in the correlation of this sensitivity (and an ap-
parent deficiency in DNA repair capacity in rad'-Z-bear-
ing strains) with the failure to produce conve.'tants
after irradiation. It is reasonable to expect that one
or more of these loci is directly involved in the in-
duction of the recombination process.

Identification of these genes may be possible using
the stratagem of Fabre and Roman. This entails measur-
ing conversion involving unirradiated chromosomes which
is induced following mating of the heteroallelic diploid
to an irradiated haploid whose genetic constitution pre-
cludes the direct involvement of the irradiated chromo-
some in the conversion event. Haploid strains deficient
in the induction of the process should exhibit reduced
ability to promote recombination in wild-type diploids.
Strains bearing a variety of raj! mutations have been
constructed, and will be used~to test this hypothesis.

5.12 A GENETIC ASSAY USING SACCHAROMYCES CEREVISIAE FOR
DAMAGE ASSOCIATED WITH LOW DOSES OF IONIZING RADIATION -
P. Unrau, D.P. Morrison, and E.F. Seguin

In previous reports on characterization of the
radiation response of D7 strains, we have discussed
recombination by mitotic gene-conversion, scored at
the trp5 locus, and back mutation of the ilvl-92 allele.
Another genetic end point can be scored in these strains
and comprises the segregation of coloured sectors re-
sulting from the segregation of two ade^ mutations.
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Parental diploid strains are white, while ade2^_40 homo-
zygotes are red and ade2-119 homozygotes are "pink".
When the ade2 alleles segregate into two different nuclei
a red/pink sector results; if the segregation follows
a round of nuclear DNA synthesis, then a red/pink/white
sectored clone arises. The assay is complicated by the
potential effects of mutation involving other ade genes
or by gene conversion of the ade2 alleles. N'oiwTis-
junction or chromosome breakage and loss can also result
in sectoring, though this would usually result in one
lethal event and one sectoring event in the primary off-
spring following irradiation. A red/pink sector however
is unequivocal evidence of mitotic crossing-over follow-
ing irradiation treatment.

In general the induction of mitotic crossing-over in
D7 strains follows the same kinetics determined for gene-
conversion and mutation, namely linear increase with
increasing dose to a maximum, followed by a decline as the
repair process saturates. Wild type, rad3, and rad52
heterozygous strains were proficient at mitotic crossing-
over, with up to 10? of clones showing colour segregation at
doses between 20 and 75 krad (0.2 and 0.75 kGyi in 02. As ex-
pected, the rad6 strain also showed colour segregation. We have
reported that mitotic gene-conversion was induced in
rad6 and mitotic crossing-over can be viewed as a special
outcome of a gene conversion event. rad52 homozygotes
showed no twin spots though some whole colony segregants
were observed. Morrison (personal communication) has
shown that mitotic segregation, probably by non-disjunction,
occurs in rad51 strains at elevated frequencies after
irradiation. It is probable that mitotic segregation by
non-disjunction or by breakage and loss of parts of
chromosomes will occur at appreciable frequencies in
strains in which mitotic recombination is abnormal.
Strains to examine this problem are being developed.

The frequency of induced mitotic crossing-over is
much higher than for mitotic gene-conversion and many
orders of magnitude higher than for induced mutation.
Mitotic cross-overs are thought to arise when a re-
combinational repair intermediate is finally resolved.
Holliday suggested that depending on the precise re-
solution of heteroduplex (recombinant) DNA either gene-
conversion or mitotic crossing-over might result.
Mitotic crossing-over can then be viewed as the net
probability of a recombination repair event being
initiated in the DNA between a marker and the centromere
of its chromosome, multiplied by the probability of re-
solving the event by outside marker segregation (which
leads to red/pink clones in our system).
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It seems reasonable therefore that somatic risks
based on the segregation of deleterious alleles in
somatic tissues, may be better assessed on the basis of
mitotic crossing-over or gene conversion than on the
basis of somatic mutation.

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

This project is intended to compare the abilities
of ionizing radiation and of carcinogenic chemicals to
induce an unusual type of genetic change, gene con-
version, in yeast cells.

In studies of mitotic gene conversion in a hetero-
allelic diploid, it must be established that the ob-
served effect is not due to back mutation in either
allele. We obtained two strains from Drs. P. Unrau and
D.P. Morrison; one (MU-34) was homoallelic for the
trp5-12 locus, the second (MU-35) was homo-
allelic for the trp 5-27 locus. These were subjected
to the same procedure used previously for D7.rad52a, D7.
wt, D7.rad, and MU-42.

When exposed at 0°C for 30 min to 2 mg/ml NaNo2
in citrate buffer pH 4.5 (nitrous acid), MU-35 gave a
result that was not different from background (net 0
colonies per 106 cells plated). MU-34 under the same
conditions gave a net 0.3 colonies per 106 cells plated.
These values are at least two orders of magnitude lower
than the value obtained with D7.rad52a (69 colonies/106

cells plated).

When these strains were studied at 20°C, the values
were higher (MU-35 = 0.2 colonies/106 cells plated and
MU-34 = 1.2 colonies/106 cells plated) but still about
two orders of magnitude below those for D7.52a, D7.wt
and MU-42. Thus the assay in these latter strains is
in fact measuring gene conversion and is not influenced
appreciably by back mutation at the trp-5 locus.

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

A new experiment involving the induction of skin
tumors in male Sprague-Dawley rats is under way. We are
using 426 rats divided into 13 groups. The groups range
in size from 24 to 36 animals. Besides g-radiation from
a 9osr-9OY source we are using caffeine and chloroquine
treatments. The irradiation doses used are 1200 and
2400 rads (1.2 and 2.4 Gy). Of the animals receiving
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2400 rads,56% developed skin ulcers. There are some
differences between the various treatment groups, but
we have considerable doubt about their significance.

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

Two collaborative papers on radiation hazards have
been prepared for publication during the past three
months. The first, in collaboration with Dr. C.G. Stewart,
Medical Division, discusses in general terms the health
aspects of uranium mining in Canada and is focussed
primarily on calculation of the health hazards associated
with the inhalation of radon daughters. The second, in
collaboration with Dr. H.B. Newcombe, Population Research
Branch, reviews low level radiation hazards in relation
to the nuclear power industry in general. Emphasis is
placed on quantification of relative risks associated with
different types of industry, and of relative benefits in
terms of life expectancy.
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167, 105-112 (1978).

Gentner, N.E., M.M. Werner, M.A. Hannan, and A. Nasim -
Contribution of a caffeine-sensitive recombinational
repair pathway to survival and mutagenesis in UV-
irradiated Schizosaccharomyces pombe. Molec. gen.
Genet. 167, 45-49 (1978).

Myers, D.K., M.C. Paterson, N.E. Gentner, P. Unrau,
and F.K. Zimmermann - DNA repair and the assessment
of the biological hazards of ionizing radiation.
IAEA Symposium on the Late Biological Effects of
Ionizing Radiation, paper 224/807 (1978).

Myers, D.K. - Carcinocenic effects of radiation and other
agents. Abstracts of Fourteenth Annual Meeting of
the European Society of Radiation Biology (Abstract
104/B7)

Paterson, M.C. - Ataxia telangiectasia: a model inherited
disease linking deficient DNA repair with radiosensitivity
and cancer proneness. In DNA Repair Mechanisms (ICN-
UCLA Symposia on Molecular~ând Cellular Biology, Vol.
IX) (P.C. Hanawalt, E.C. Friedberg, and C.F. Fox;
ecTs.), pp. 637-650. Academic Press, New York (1978).
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Paterson, M.C. - Ataxia telangiectasia : a genetic dis-
order predisposing to cancer and exhibiting hallmarks
of abnormal DNA repair in vitro. Can. J. Genet.
Cytol. 2jO, 435 (1978) (Abstract)

Paterson, M.C. - Environmental carcinogenesis and imper-
fect repair of damaged DNA in Homo Sapiens : causal
relation revealed by rare hereditary disorders.
In "Carcinogens: Identification and Mechanisms of
Action" (A. Clark Griffin and Charles R. Shaw, eds.),
pp. 251-276, Raven Press, New York (1978).

5.17 VERBAL PRESENTATIONS*

5.17.1 Presented Papers

Myers, D.K. - Carcinogenic effects of radiation and other
agents. Presented at the Fourteenth Annual Meeting
of the European Society of Radiation Biology,
Julich, Federal Republic of Germany, 1978 October
09-13.

Myers, D.K. and C.G. Stewart - Some health aspects of
Canadian uranium mining. Presented at Conference
on Lung Cancer Epidemiology, Denver, Colorado,
1978 November 14-16.

Myers, D.K. and H.B. Newcombe - Nuclear Power and Low
Level Radiation Hazards. Presented at Canadian Nuclear
Association Symposium on CANDU Reactor Safety Design,
Toronto, Ontario, 1978 November 29.

5.17.2 Lectures or Seminars

Myers, D.K. - "Neutron Irradiation" and "Recombinant DNA".
Presented at Science Teachers' Workshop at West Ferris
Secondary School, North Bay, Ontario, 1978 October 20.

Paterson, M.C. - Ataxia telangiectasia: a model genetic
syndrome linking radiogenic DNA damage with human
malignancy. "Frontiers in Biological Sciences" lecture,
presented at Case Western Reserve University, Cleveland,
Ohio, 1978 October 18.

Paterson, M.C. - Defective DNA repair and human ill health.
Presented to Departments of Radiology and Radiation
Biology, School of Medicine, Case Western Reserve
University, Cleveland, Ohio, 1978 October 19.

*Papers in this section are generally not available in print.
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Paterson, M.C. - Ataxia telangiectasia : a model genetic
syndrome linking radiogenic DNA damage with human
malignancy. Presented to The Institute for Cancer
Research, The Fox Chase Cancer Center, Philadelphia,
Pa., 1978 October 26.

Paterson, M.C. - Ataxia telangiectasia: a model genetic
disorder involving cancer, radiosensitivity, and
defective DNA repair. Presented to Department of
Physiology, School of Public Health, Harvard University,
Boston, Ma., 1978 November 15.

Paterson, M.C. - Ataxia telangiectasia: a model inherited
disease linking deficient DNA repair with radio-
sensitivity and cancer proneness. Presented to staff
of St. Jude Children's Research Hospital, Memphis,
Tn., 1978 November 17.

5.17.3 Local Talks

Myers, D.K. - Radiation and Risks. Presented to
Dr. Brian Curran, Environment Canada, Environmental
Protection Service, Regina, Saskatchewan, at CRKL,
1978 December 01.

Paterson, M.C. - Human diseases and defective DNA
repair. Presented to Ontario Hydro Generating Division
Managers, at CRNL, 1978 November 07.

Paterson, M.C. - The role of hereditary factors in the
cause of human cancer. Presented to the Canadian
Cancer Society, Pembroke Chapter, 1978 October 30.

Smith, B.P. - Careers in the Biological Sciences. Presented
to senior students at Champlain High School, Pembroke,
Ontario, 1978 October 29.
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