
AECL-7163

ATOMIC ENERGY ^ S K u L'ENERGiE ATOMIQUE
OF CANADA UMITED V j & V D U CANADA LIMITEE

PROGRESS REPORT

HEALTH SCIENCES DIVISION

1 July - 30 September, 1980

PR-HS-5

Chalk River Nuclear Laboratories

Chalk River, Ontario

November 1980



PR-HS-5

ATOMIC ENERGY OF CANADA LIMITED

PROGRESS REPORT
1980 July 01 to September 30

Health Sciences Division

Chalk River Nuclear Laboratories
Chalk River, Ontario KOJ 1JO

November 1980

AECL-7163



PREVIOUS REPORTS IN THIS SERIES

AECL-7054 1980 April 01 to June 30 PR-HS-4
AECL-6955 1980 January 01 to March 31 PR-HS-3
AECL-6848 1979 October 01 to December 31 PR-HS-2
AECL-6679 1979 July 01 to September 30 PR-HS-1



PROGRESS REPORT
1980 July 01 to September 30

Health Sciences Division

Director A.M. Marko
Administrative Officer L.E. Evans*
Secretary .C.L. Nagy
Machinist M. I. Gibson

CONTENTS

1. Summary - A.M. Marko 1 - 4

2. Health Physics Branch - G. Cowper 5 - 2 2

3. Environmental Research Branch - I.L. Ophel 23 - 55

4. Radiation Biology Branch - D.K. Myers 57 - 75

5. Biomedical Research Branch - J.R.A. Johnson 77 - 87

6. Medical Branch - D.W.S. Evans 89 - 94

•Attached half-time from Office of Director of Research



1. HEALTH SCIENCES DIVISION SUMMARY

A.M. Marko

Health Physics

The construction of a re-designed automatic TLD reader
is complete and testing is in progress.

An examination of the TLD material MgB/jOyiDy has
shown that it has several attractive characteristics. As measured
in the CRNL automatic TLD reader it has a slightly higher
sensitivity than sensitized Li F but after sensitization by the
same process used for LiF, Mgl^Oj has a sensitivity which
exceeds that of sensitized LiF by a factor of 2.3. In addition
the residual stored energy in this phosphor as indicated by the
third reading after exposure to 100 mR is less than half of that
shown by sensitized LiF. These characteristics make it an
attractive choice for environmental gamma monitoring where its
slightly inferior energy dependence compared to LiF is of little
consequence.

The new computer program for the calculation of beta
dose distributions from point and plane sources has been completed
and distributions for* 90 nuclides have been calculated.

The FINS accelerator has been operated with a plain Ti
target and a 300 keV deuteron beam to observe the growth of the
(D,D) reaction neutron output which increases linearly until a
charge of 190 C has been collected. With a beam current of 8 mA
the total neutron output amounts to 3 x 1 0 1 0 s" 1.

The manual on criticality accident dosimetry to be
published by IAEA has been assembled and edited for final review
by the contributing authors.

A field prototype of the simple, light weight tritium
monitor is being built from the production drawings, for testing
at CRNL and at the CANDU reactors. A prototype monitor using ion
chamber detectors and water permeable plastic (Nafion) to separate
the species is being built to measure concentrations of HT and HTO
in air and the application of the same plastic membranes for use
in admitting HTO to a liquid scintillation couriter is under
study.

The field tests of a pocket warning dosimeter have been
successfully completed, and the designs of a portable beta-gamma
contamination meter and a wide range survey meter have be_n
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completed and reports are being prepared. A low-Z plastic
absorber has been designed to reduce the effective output of a 300
kV X-ray set to permit long-term low-level irradiations to be
carried out for radiation research and the spectra of highly
filtered bremsstrahlung have been verified following the addition
of an accurate d.c. voltmeter to the 320 kV X-ray set used for
instrument calibration work.

Environmental Research

Previous studies with columns of CRNL soil loaded with
have suggested a possible role for microorganisms in

the observed continuous release of particulate-associated Cs from
the column. Irradiation of an equilibrated test column with 104
Gy ( 1 0 6 rads) resulted in an approximately ten-fold decrease in
the amount of 1 3 4 c s released. Bacterial numbers in the
eluant dropped from approximately 10^ per millilitre to
non-detectable following irradiation. With continued elution the
number of bacteria in the eluant increased as did the amount of
1 3 4 c s released. This correlation between bacterial activity
and radiocesium release from the column is being investigated
further.

Samples of ^ C o - c o n t a m i n a t e d soil from the vicinity
of the Liquid Waste Disposal Area have been sieved into grain-size
fractions and separated magnetically into mineral fractions. All
samples show the cobalt-60 to be preferentially fixed on the
coarse and fine-grained horneblende/biotite/vermiculite segregates
and to the very fine quartz/feldspar fraction. Desorption
experiments currently under way will help elucidate the mechanisms
of fixation.

Contaminated soil from the lower Perch Lake basin was
extracted with 0.1M SrCl£ to remove electrostatically adsorbed
90Sr, separated into grain-size fractions and treated with
acidified hydroxylamine hydrochloride to dissolve Al, Fe and Mn
o x i d e s . This treatment released specifically adsorbed 9 0 $ r
from the sand particles. The distribution of the extracted
9^Sr with respect to grain size was bimodal, with maxima in
the coarse and fine fractions. Similar maxima were found in the
extracted A l , Fe and Mn, suggesting that the fixation of 90sr
in the aquifer soils is, at least, partly due to its specific
adsorption by the hydrous metal oxide coating on sand grains.

Unicellular algae have been cultured in warm water using
wastewater from the Village of Chalk River sewage treatment plant
as the sole source of nitrogen and phosphorus nutrients. Initial
results suggest that growth rates of algae in wastewater are
equivalent to those obtained using similar concentrations of
chemically pure n u t r i e n t s .
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Two injections of Rhodamine B dye were made in Upper
Bass Lake. The purpose of these experiments was to gain more
insight into the mechanisms which result in net transfers of
solutes and heat in lakes and to compare heat and solute transfer
coefficients. Analysis of the data is now under way. The CRNL
energy-budget model is being adapted to predict solute mixing, the
effects of varying stream inputs, and net losses, on temperature
and concentration profiles in lakes.

SCUBA-diving has been used to search for
groundwater-active fractures in the bedrock of Maskinonge Lake.
Some fractures were found which contained amorphous iron
precipitates and these were fitted with stainless steel tubes and
seepage meters. Measurements of seepage flow gave extremely
variable results, the meaning of which is not clear. However, we
now appear to have a suitable method for J_r̂  situ measurement of
rock fracture seepage flow into lakes.

A procedure for the simultaneous determination of
isotopes of Th, Np and Pu in environmental samples has been
developed. This method employs a radiochemical separation of the
actinide elements by anion exchange chromatography. The
activities of the individual actinide isotopes are determined by
alpha spectrometry using electrodeposited sources.

Radiation Biology

Research activity in this Branch has continued to deal
with the effects of radiation upon a variety of living organisms.
The principal sensitive target for radiation, particularly at
non-lethal doses, is believed to be DNA, the genetic material.
Damage to DNA in reproductive cells may cause mutations which show
up in future generations while damage in other cells of the body
may lead to cancer in the exposed individual. It is known that
most living cells have the capacity to modify some or all of the
damage to this vital cell component. Work in the Radiation
Biology Branch has dealt with both the nature of the DNA damage
and the response of cells as they attempt to repair this injury.
The purpose of this research is increased understanding of the
biological effects of low-level radiation.

The new f1uorimetric method for detecting DNA strand
breaks in human white blood cells has produced a number of
interesting results. (a) The breaks produced by 1 Gy (100 rad)
gamma-radiation in white blood cells are rapidly repaired,
(b) Neutrons induce fewer breaks per Gy (100 rad) than
gamma-radiation. (c) DNA damage in four organs of the mouse was
readily detectable following exposure of the whole animal to 2 Gy
(200 rad) gamma-radiation. (d) A number of metal ions, most of
which have previously been found to be carcinogenic, also induce
DNA strand breaks in white blood cells in vitro.
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High pressure liquid chromatography has been used to
analyze the repair of damage produced in the DNA of cultured human
cells by ultraviolet radiation. It has been possible to show that
two distinct types of chemical damage are repaired at different
rates in cells from control persons and that cells from patients
suffering from the hereditary disease xeroderma pigmentosum do not
repair either type of damage efficiently. The apparent rate of
repair, even in normal cells, is notably slower as measured by
this technique than reported earlier using other techniques.

During a recent survey in the Branch of rates of
dominant mutation in humans, it was found that several of these
rates had been calculated incorrectly. Since information on human
dominant mutation rates is particularly important for the
estimation of genetic risks of radiation in man, the correct
values were recalculated and put into a paper for publication.

Work is continuing on the analysis of DNA structure by
recombinant DNA techniques, on the role of radiation-produced free
radicals for induction of cell killing and genetic damage in yeast
cells, on the repair of interstrand cross-links in the DNA of
human cells, on the molecular basis for heritable diseases in
humans associated with increased sensitivity to radiation and
other agents, on the role of DNA repair systems for induction of
genetic changes in yeast and on cancer induction in rats.

Biomedical Research

A metabolic model for the tellurium-iodine decay chain
has been completed. This model will result in better thyroid dose
estimations than were done previously. The optimization option
available on FORSIM has been tested with this model in
anticipation of possible data which can be used to optimize the
model parameters.

We have obtained magnetic tapes of dosimetry factors
produced at the Oak Ridge National Laboratory that relate activity
in source organs to dose in target organs. These factors were
produced by the Monte Carlo technique, as described in MIRD
(Medical Internal Radiation Dose) Pamphlet 11 and the report
ORNL-5OOO.

The program of improving the radiochemical procedures
and documentation for the bioassay performed at CRNL is
continuing. Work in this area in the quarter included the
actinides, sulphur-35, phosphorus-32, strontium-90, yttrium-90,
promethiurn-147, cerium-144 and nickel-63.



-5-

2.

2.1

HEALTH PHYSICS BRANCH

STAFF

W.G. Cross
H. Ing(l)

A.R. Jones
C. Wernli(2)

R.V. Osborne
R.G.C. McElroy

R.M. Holford

Draftsmen

Personnel Monitoring

Branch Head

Secretary

Assistants;

Assistants ;

Assistants;

Assistant:

G. Cowper

N.L. Hayward

A. Arneja
P.J. Bunge
N.O. Freedman

A.H. Ohno
W.F. Richter

A.S. Coveart
R. Surette

L.W. Shankland

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

R.M. Rondeau
J.M. Vincent

Student Assistants:

D. Friend, Waterloo Student, terminated August 20, 1980.

S.A. Harding, Local Summer Student, terminated August 22, 1980.

M. Singh, National Summer Student, terminated August 22, 1980.

(1) Returned to CRNL September 4 after attachment at Stanford
University for one year.

(2) Returned to Federal Institute for Reactor Research,
Switzerland, August 22, 1980 after one year attachment
at CRNL.

(3) On loan from Drawing Office.
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2.2 FAST NEUTRON DOSIMETRY

2.2.1 Measurement of the D-D Neutron Output of the FINS
Accelerator
W.G. Cross and A. Arneja

The neutron output of a Ti target, 1 mg/cm2 thick,
in the FINS accelerator has been measured as a function
of the integrated charge of bombarding 300 KeV deuterons.
At constant beam current the output increased nearly
linearly with charge up to about 190 C and thê i became
constant. This behaviour suggests that the deuterium
diffused relatively rapidly throughout the Ti layer.
The absolute neutron fluence at 90° to the beam was
measured by the *15In(n,n*)**5Inm reaction. Ths results
yield a total (4ir) output of 3.1010 neutrons/s for a
beam current of 8 inA.

2.2.2 Manual on Criticality Accident Dosimetry
W.G. Cross

A manual on criticality accident dosimetry is being
prepared for the IAEA. It is written by authors in
several countries and is being assembled and edited at
CRNL. It was described briefly in PR-HS-2. The complete
text has now been assembled and an edited version
distributed to the authors.

2.3 BETA DOSIMETRY

2.3.1 Calculations of Beta Dose Distributions
W.G. Cross and N.O. Freedman

Development of a new computer programme for
calculating the dose distribution around a point or plane
source of beta radiation in an infinite water medium
(AECL-6679) has been completed. Distributions have been
calculated for 90 nuclides of importance in nuclear
medicine or radiation protection. Distributions for
about 50 of these nuclides have also been calculated
by Bergerd) and we have compared the results of the
two calculations. Most distributions agree to within
5%, but for some nuclides the differences are larger,
particularly at short distances from the source. The
effects of several small differences in the calculational
methods used by Berger and in the present work have been
investigated but do not account for the differences in

(1) M.J. Berger, J. Nucl. Medicine, Supplement No. 5,
Vol. 12, 1971.
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the results.

The distributions in both water and air media will
be published as an AECL report.

2.4 THERMOLUMINESCENCE DOSIMETRY (TLD)

2.4.1 Automatic TLD Reader AEP-5256B
A.R. Jcnes

Construction of the laboratory prototype has been
completed and testing has begun. The microprocessor
program has been completed, documented and written in
the four kilobytes of read-only-memory built into the
reader. Work has begun on the engineering drawings.

Apart from changes to the mechanical and electronic
design the operation of the prototype reader differs
from the earlier TLD reader (AEP-5236A).

- It is controlled by commands from a remote keyboard
(e.g., a teletype keyboard).

- Adjustments to operating parameters (e.g., anvil and
TLD drop temperatures and alarm settings) are entered
from a remote keyboard.

- In addition to TLD data, 17 fault and alarm indications
are output to a teletype.

- After each TLD plaque has been identified and the two
TLDs are read, a light source reading is given. If
the reading is outside preset limits an alarm is given.

In addition to normal reading cycles the reader can
be commanded to

- read the identity only of the plaques (to check their
number or order, or to find errors in the identity tape),

- read each plaque up to ten times (to erase residual
signals from large exposures),

- step through the reading cycle for maintenance.

An important mechanical change has been the thermal
isolation of the TLD monitoring thermocouple from the
light guide. Thus the thermocouple temperature more
closely approximates the TLD temperature. In turn this
means that the reading of a TLD cannot take place without
its reaching the temperature at which the electron traps
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used for dosimetry are emptied or without the failure
to reach this temperature being indicated.

To achieve thermal isolation of the thermocouple a
number of approaches were tried.

1) The thermocouple was suspended free in air with its
two ends held under tension.

2) The thermocouple was mounted on thin films of mica
(.08 - .25 mm thick).

3) A 3 mm diameter hole vas drilled into the end of the
light guide and the thermocouple was suspended across
it.

4) A glass ring was mounted on the end of the light guide
and the thermocouple was tensioned across it.

The first three approaches only gave satisfactory
performance for a limited number of reading cycles but the
fourth gave satisfactory and reliable performance through
several thousand readings.

A related problem was the control of the stepping
motor which raises the hot anvil to heat the TLD. The
eventual solution was found by continuing the feed pulses
to the stepping motor to raise the anvil until the TLD
has reached a temperature preset by the operator. Unlike
the linear motor used in the earlier reader the stepping
motor has a defined, and specified, output force so that
this approach can be taken without risk of damaging the
TLDs.

2.4.2 Evaluation of MgBi,C>7:Dy TLDs

A.R. Jones

The light emitted by these TLDs is green and therefore
the sensitivity (light output-mass"1 -dose"1) of MgBifO7:Dy
depends upon the optical characteristics of the reader
used. The sensitivity of this phosphor relative to TLD-100
(sensitized) was measured in a Model 2000 Harshaw reader,
equipped with a blue filter, and in the CRNL automatic
TLD reader which has no colour filter. The results obtained
are shown below.
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Sensitivity of MgBitO7:Dy
Sensitivity of TLD-100 (sensitized)

Harshaw 2000 Reader CRNL Reader AEP-5256A

0.30±.08 1.12±.14

The results obtained with the CRNL Reader are
consistent with the sensitivity claimed for the phosphor
but those obtained v.Tith the Harshaw reader underline
the importance of the colour response of the reader.

Since sensitizing has proved useful with TLD-100
it was decided to sensitize some MgB., 0 7: Dy TLDs using
the technique developed for TLD-100. This resulted
in an increase in sensitivity of 2.3:1. However, an
equally important characteristic is the size cf the
reading obtained when no e .posure is given to the TLDs
and to the variance in this reading since these are
limiting factors when measuring very small exposures.

To assess these quantities some TLD-100 (sensitized)
and MgBitO7:Dy (both sensitized and unsensitized) were
first exposed to 100 mR and then read three times. The
second and third readings are given below with their
standard deviations.

TLD-100
sensitized Unsensitized Sensitized

2nd reading 1.60±.09 mR 1.45+0.40 mR 1.58+0.26 mR

3rd reading 1.53±.1O 1.32±0.37 0.74+0.14

Generally, one of the advantages of sensitizing is a
reduction in energy dependence. Measurements were made of
the energy dependence of the sensitized MgBi,O7:Dy and
both sensitized and unsensitized TLD-100. The sensitized
MgBijOytDy was 52% more sensitive at 80 keV than at 1.25 MeV.
For TLD-100 the corresponding figures were -12 and +25%
for the sensitized and unsensitized phosphor respectively.
It can be seen that the MgBi,O7:Dy is moderately energy
dependent which would make it less suitable for dosimetry
of a mixture of 0- and Y~raYs-

However, the high sensitivity of the phosphor makes
it attractive for low level y dosimetry and 200 sample
TLDs have been ordered for more detailed evaluation.
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2.4.3 UV Sensitivity of Sensitized TLD-100
C. Wernli

Sensitized TLD-100 chips were exposed to UV from
a monochromator in the wavelength range from 4 00-230 nm.
The sensitivity of these detectors to UV was found to
increase with decreasing wavelength. A preliminary
result is that the sensitivity at 230 nm is about 5
orders of magnitude higher than at 400 nm. The light
output of a TLD exposed to 1 J/cm2 of UV at 400 nm is
about the same as that of a TLD exposed to 7 mrad
(70 yGy) of Co-60 y-rays.

If a TLD is first exposed to 1 rad of y-rays,
additional signals are induced by exposure to UV of
wavelengths below 300 nm and the~existing signals
from the exposure to y-rays are bleached out by
exposure to UV of wavelengths about 300 nm. Similar
results were obtained by exposing TLDs to sunlight.
After an exposure to the direct sunshine on a summer
day for 1.5 hours, the reading of TLD's with no
previous y-dose was 4 0 "mrad", that of TLD's pre-exposed
to 100 mrad was 120 "mrad" and for TLD's pre-exposed
to 1 rad the reading was 880 "mrad". That is, for small
exposures, the readings are enhanced and for larger
exposure the readings are diminished.

The high sensitivity to UV of short wavelength
makes it necessary to shield sensitized TLD's against
that radiation but it might also be possible to use
these detectors in UV dosimetry.

2.5 TRITIUM MONITORING

2.5.1 Portable Tritium-in-Air Monitor AEP-5321
R.V. Osborne and A.S. Cov*.art

The engineering drawings for the field prototype
have been completed and the first instrument from these
drawings is being assembled. Parts for a further ten
are being obtained. The completed instruments will be
tested at CRNL and at the various nuclear power
stations.
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2.5.2 Nafion Based HT/HTO Monitor - AEP-5336
R.G.C. McElroy, R.A. Surette and R.V. Osborne

We have begun building a prototype monitor to
measure tritiated hydrogen (HT) and tritiated water
vapour (HTO) separately. This monitor will discriminate
between these two species on the basis of their different
permeation rates through Nafion membranes in the form of
tubing. After separation, each species will be measured
in a separate ion chamber.

The critical component of this monitor is one of the
two manifolds of Nafion tubing in which the separation
occurs. This manifold will determine whether the time
response of the instrument will be sufficiently fast.
This manifold has been designed and built but not yet
tested.

2.5.3 Application of Plastic Membranes to Tritium Monitoring
R.G.C. McElroy and R.V. Osborne

A series of experiments to characterize the water
in liquid scintillator, Nafion, air system have been
performed. We have measured the permeation rates for
diffusion across the membrane in both directions - that
is, for diffusion from water in liquid scintillator to
air and from air to water in liquid scintillator.
These permeation rates are not only dependent upon the
physical properties of the Nafion membrane but also
upon the properties of the liquid scintillator and water
mixture. The present series of measurements were
performed using Beckman Ready-Solv HP with water content
from one to 15%.

With these data, we may phenomenologically describe
this system, but we still lack a fundamental understanding
of the effect of the water content of the liquid
scintillator on the permeation rates. We hope to clarify
this relationship by measuring the water-vapour pressure
of various water and liquid scintillator mixtures.
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2.6 NOBLE GAS MONITORING

2.6.1 Measurement of Radio-xenons in Exhaust Air
R.M. Holford

The prototype of the new version of the xenon
monitor, AEP-5320, is now nearing completion. Most
of the parts, including the printed circuit boards,
hava been delivered and construction is proceeding.
In particular, the microprocessor board that controls
the unit has been assembled, tested and a few minor
problems corrected.

2.7 RADIATION INSTRUMENT DEVELOPMENT
A.R. Jones

2.7.1 Portable Beta-Gamma Contamination Meter AEP-5297A

The design has been completed and a report is being
prepared.

The contamination meter has two "pancake1 GM counters
(total area 31 cm2) with thin windows (1.4 - 2 mg/cm2)
connected in parallel. Counting rates between 1 and
2000 s"1 are displayed on a liquid crystal display.
Analog and pulse output are available. To help in the
detection of low levels of activity an audible and
visible signal is emitted after every tenth pulse is
detected.

2.7.2 High Range Beta Meter AEP-5337 and High Range Gamma
Survey Meter AEP-5309

The designs of both these instruments are being
modified so that the electronic components, displays
and radiation detectors will be exactly the same. The
diffused junction detector used in the beta meter is
now mounted inside an absorbing screen in the extended
probe of the high range gamma meter.

2.7.3 Pocket Warning Dosimeter with Numerical Display
AEP-5329

Following field tests of the engineering prototype
by the RIS Branch the design has been completed.
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2.7.3 The survey meter permits the measurement of y-
rates from 1 mrad/h - 100 rad/h (10 uGy/h - 1 Gy/h)
and 0-dose rates from 0.1 - 100 rad/h (1 mGy/h - 1 Gy/h).
It also operates as a warning dosimeter/dose rate meter
for Y~rays. The dose alarm level can be set between about
0.1 and 0.7 rad ( 1 - 7 mGy). Dose-rates are indicated
with a 3% digit liquid crystal display which is also used
as a battery monitor.

A report is being prepared.

2.8 PROVISION AND MEASUREMENT OF A LOW DOSE RATE X-RAY
SOURCE
A.R. Jones

For the purpose of providing a low intensity X-ray
source for irradiations by the Radiation Biology Branch
some modifications have been made to the Phillips MG-300
(300 kV cp) X-ray set. Because it cannot be operated
reliably for long periods with small beam currents an
attenuator has been designed and built to obtain low
dose rates (0.1 - 1 rad/h; 1 - 1 0 mGy/h) at 4 m from
the target. Lucite was chosen as an attenuator because
a higher atomic number material would have greatly changed
the bremsstrahlung spectra as well as attenuating the
beam.

2.9 REVISED MEASUREMENTS OF X-RAY BEAM QUALITY
A.R. Jones

Since the purchase of a high voltage meter it has
been possible to measure the tube voltage of the
320 kV cp Picker X-ray set accurately and reproducibly
(this was not true formerly because an a.c. voltage was
measured across the input windings of the output transformer
instead of the d.c. voltage directly across the tube
terminals). With the more accurately measured X-ray tube
voltages the spectra of the filtered bremsstrahlung with
a series of filters and corresponding voltages were
measured using a small germanium spectrometer fitted with
a collimator.

Ten spectra of highly filtered bremsstrahlung have been
measured. These average (weighted for exposure) photon
energies span the range 20 to 280 keV. There are no large
disagreements with previously determined spectra but the
spread in energies is lower. In addition, leakage radiation
from the edge of the filters was detected by the presence
of the tungsten X-ray. This was corrected by a slight
reduction in the beam size.



2.10 UNWANTED RADIATION ASSOCIATED WITH HIGH-ENERGY PHOTON
THERAPY
H. Ing (in collaboration with W.R. Nelson and R.A. Shore,
Stanford Linear Accelerator Center, Stanford University,
Stanford, California).

In radiation therapy where a collimated beam of photons
is directed towards a selected area of a patient's body,
the remaining portion of the body inevitably receives a
small amount of stray radiation. This "undesirable"
radiation is composed of several components: leakage from
the IDhead" of the machine, scatter of the primary (and
leakage) beam from various materials in the room and
secondary radiation resulting from the primary beam
interacting with tissue in the irradiated volume. For
high energy (to 40 MeV) machines currently in use, this
stray radiation contains both photons and neutrons. At
present, there is concern that neutrons from machine
leakage and from the (y,n) reaction in the body are quite
large and exceed the recommended limit of 0.1% for stray
radiation.

To study the severity of the neutron hazard relative
to that from photons, Monte Carlo calculations were made
to determine the integral doses inside and outside the
irradiated volume delivered by photons and (y,n) neutrons
for irradiations of the human body by photon beams
100 cm2 and 600 cm2 in area. The beams were mostly
monoenergetic, ranging in energy from 100 keV to 40 MeV,
and calculations were also made for beams from two typical
therapy machines.

For the monoenergetic beams, graphs have been prepared
giving the integral doses inside and outside of the treatment
volume for photons of the different energies. These graphs
can be used to calculate integral doses for photon spectra
from most medical accelerators. The results for the photon
spectra from two typical therapy machines indicate that
the integral doses outside the treatment volume delivered
by (Y»n) neutrons are more than two orders of magnitude
smaller than those by scattered photons and, therefore, are
relatively unimportant.

Monte Carlo calculations were also made to determine
the integral doses delivered by neutrons leaking from the
heads of the therapy machines. These results show that
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the unwanted integral doses from this source are about
10 times less than those delivered by photons scattered
out of the treatment volume. The effect of scattering
of neutrons in the walls of the treatment room does
not change these results appreciably (<20%).

2.11 MANAGEMENT OF URANIUM-MILL TAILINGS
R.V. Osborne and R.A.. Judd*

The status of management of uranium mining wastes
is being reviewed with particular emphasis being placed
on the methods and criteria for selecting the most
appropriate management options to reduce any potential
long-term problems. In current radiation protection
philosophy, selection would follow from an assessment
of:

a) the impact on man and the environment of emissions
from uranium ores, mines and mill tailings and wastes,

b) the effect of such impacts on methods of mining the
ore and the various processes and remedial actions,

c) the technical feasibility of various processes and
remedial actions,

d) the appropriate criteria and methods for intercomparing
and balancing the results of the evaluations in a) and
d).

Initially, the applicability of existing environmental
pathway models to uranium tailings dispersal and the
practicality of applying various criteria are being reviewed.

2.12 RADIATION DOSE RECORD KEEPING
R.M. Holford

In mid-1978 the radiation record files for all
AECL employees was transferred from the Head Office
Computer in Ottawa to the CDC system in Chalk River
to be treated as an adjunct to other personnel
identification files.

•Applied Mathematics Branch
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2.12 The initial work of developing programs and
procedures for updating and maintaining the radiation
files was carried out by the Mathematics and Computation
Branch ^E.G. Long) and continues as new problams and
requirements arise. The rate of change is decreasing,
however, and routine operations are now carried out
in the Health Physics Branch while work on improving
the system is done by Mathematics & Computation Branch.
This change has been facilitated by the availability
of new features on the CDC system which allow computer
control sequences to be pre-recorded for future use.

The pre-processing procedures, for which the Health
Physics Branch is now completely responsible, have
also been modified to take full advantage of the
capabilities of the CDC system. They have been
converted to a series of relatively simple program
steps to allow for easy modification which would
permit, for example, a straightforward change to
local processing on a mini-computer. The first
of these steps is conversion of the input file
(paper tape) into a card-image file suitable for
the CDC text editor (PI file). This allows for
correction of known errors in the data before
processing proceeds any further; a feature that
is particularly important now that the TLD plaques
are individually calibrated, since an error in one
of the standard plaques, exposed to 1 rad (10 mGy) ,
can invalidate a large number of individual readings
if not corrected at this stage.

The most recent innovation in the radiation
recording system is that WNRE are now submitting their
data via the telephone link between their computer
and the CRNL CDC system instead of sending by mail
raw data on punched tape from the WNRE TLD reader.
This change permits the application of modifications
and corrections to data locally and before transmission.

2.13 ROUTINE DOSE MONITORING
R.M. Rondeau and J.M. Vincent

2.13.1 Body Radiation Doses

In the fourteen-week period ending 12 September 1980
and in the calendar year to this date there were the
following distributions of radiation exposure.
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There was one whole-body radiation exposure exceeding
the 600-mrem two-weekly administrative control limit and no
surface radiation exposures exceeding the 1600 mrem two-
weekly administrative control limit.

Whole-Body Dose

Dose Range
rem

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
l;50 - 1.99
2.00 - 2.49
2.50 - 2.99
3.00 - 3-49
3.50 - 3.99

Average dose
per monitored
person-
Average dose
per exposed
person

~ourteen Weeks

No. of
monitored
persons

426
2442
121
28
•3

0
0
0
0

Total
Dose
Man-rem

0
159.19
82.97
33.64
5.00
0
0
0
0

93 mrem

108 mrem

i

Calendar Year

No. of
monitored
persons

• 362

2264
141
107
69
34
27
12
4

Itotal
Dose
Man-rem

0
258.22
100.98
134.24
120.72
75.79
72.83
37.14
14.45-

270 mrem

306 mrem
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Dose Range
rem

no radiation
0 - 0.49
0-50 - 0.99
1.00 - 1.49

Average dose
per monitored
person

Average dose
per exposed
person

Radiochemical

. Fourteen

No. of
monitored
persons

75
249
3
0

Company _

Weeks

Total
Dose
Man-rem

0
19.17
1.87
0

64 mrem

84 mrem

Whole-Body Dose

Calendar Year

No. of
monitored
persons

55
252
13
7

Total
Dose
Man-rem

0
31.73
9.39
8.40

151 mrem

182 mrem

Engineering Conpany _

Dose Range
rem

no radiation
0 - 0.49
0.50 - 0.99

Average dose
per monitored
person
Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

302
39
2

Total
Dose
Man-rem

0
.4.04
1.66

17 mrem

139 mrem

Calendar Year

No. of
monitored
persons

284
53
6

Total
Dose
Man-rem

0
6.51
4.23

31 mrem

182 mrem



i - Skin 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
4.50 - 4.99
5.00 - 5.49
5.50 - 5.99
6.00 - 6.49

Average dose
per monitored
person

Average dose
per monitored
person

Fourteen Weeks

No of
monitored
persons

426
2418
129
43
4
0
0
0
0
0
0
0
0
0

Dose
Man-rem

0
159.56
89.08
51.28
6.C0
0
0
0
0
0
0
0
0
0

102 mrem

118 narem

Calendar Year

Jo. ct
monitored
persons

362
2231
149
100
74
42
28
23
7
2
0
0
1
1

Total
Dose
Man-rem

0
260.28
107.00
123.74
128.69
92.83
77.19
73.19
25.63
8.31
0
0
5.71
6.06

301 mrem

342 mrem
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Radiochemical Company - Skin Dose

Dose Range
rem

Fourteen Weeks

No. of
monitored
persons

Total
Dose
Man-rem

Calendar Year

No. of
monitored
persons

Total
Dose
Man-rem

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

75
244
8
0
0"
0

0
21.59
5.73
0
0
0

54
232
28
8
3
2

0
33.22
18.53
9.92
5.27
4.26

Average dose
per monitored
person

Average dose
per exposed
person

84 mrem

108 mrem

218 mrem

261 mrem

Engineering Canpany - Skin Dose

Dose Range

rem

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

302
39
2
0

Total
Dose
Man-rem

0
4-71
1.76
0

19 mrem

158 mrem

Calendar Year

No. of
monitored
persons

. 281
55
6
1

37

204

Total
Dose
Man-rem

0
7.67
3.98
1.02

mrem

mrem
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2.13.2 Hand Radiation Doses

In the fourteen week period ending 12 September 1980
and in the calendar year to this date the following
distributions cf extremity doses were measured by
finger-tip TLDs.

Dose Range
ran

less than 0.99
1.00-1.99
2.00-2.99
3.00-3.99
4.00-4.99
5.00-5.99
6.00-6.99
7.00-7.99
8.00-8.99
9.00-9.99
greater than
10.00

CRNL
Calendar Fourteen
Year

166
12
4
1
1
0
0
0
0
0
0

Weeks

85
3
1
0
0
0
0
0
0
0
0

Radiochemical
Ccnpany

Calendar
Year

33
8
0
2
2
0
0
1
1
0
1

Fourteen
Weeks

27
5
1
2
0
0
0
0
1
0
0

Engineering
Company

Calendar Fourteen
Year Weeks

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

T.14 PUBLICATIONS AND LECTURES

Oral Presentations

A.R. Jones and C. Wernli, "Development of a High Range Skin
Dose Rate Meter", presented to the Health Physics Society
Meeting, 21-25 July 1980, Seattle, Washington. Presented
by C. Wernli.
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2.14 PUBLICATIONS AND LECTURES

Oral Presentations (cont'd)

W.G. Cross, "The Chalk River Accident in 1952", presented
to the Health Physics Society Annual .Meeting, Seattle,
Washington, 21-25 July 1980.

H. Ing, W.G. Cross and P.J. Bunge, "A Spectrometry System
for Measuring Neutrons from 50 keV to 20 MeV", presented
to the Health Physics Society Meeting, Seattle, Washington,
21-25 July 1980.

H. Ing, "SLAC - A Year in Retrospect", presented to
Health Sciences Division, CRNL, 10 September 1980.

W.G. Cross, "Review of the Status of Personnel Neutron
Dosimeters", AECB Workshop on Neutron Dosimetry, Ottawa,
23 September 1980.

G. Cowper, "Instrumentation for Medical Purposes",
presented October 1, 1980 at the Schedule for Medical
Advisers and Physicians at the 22nd Annual Radiation
Protection Course held at CRNL.

R.M. Holford, "Radioactivity, Radiation Physics and
Units1', presented 29 September at 22nd Annual Radiation
Protection Course held at CRNL.

A.R. Jones, "Measurement of Radiation", presented 29
September at 22nd Annual Radiation Protection Course
held at CRNL.

Reports and Publications

W.G. Cross, "Chairman's Report on the INDC for 1977-1979",
International Nuclear Data Committee report INDC-33/LN,
July 1980.

W.G. Cross, "Canadian Progress Report to the International
Nuclear Data Committee, October 1978 - May 1980",
INDC(Can)-20/G, 1980.

A.R. Jones, "A Pocket Warning y-Dosimeter with Numerical
Display", AECL-7062.

H. Ing and B.J. Tymons, "Calibration of a Proportional
Counter Neutron Spectroscopy System", Health Physics,
Vol. 39 (September 1980) pp. 561-564 (AECL-6939).
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3. ENVIRONMENTAL RESEARCH BRANCH

by

I.L. Ophel

3.1 Staff
3.2 Beneficial Uses of Waste Heat

3.2.1 Aquaculture of Freshwater Organisms
3.3 Laboratory Studies on Algal Growth in Natural Waters

3.3.1 Laboratory Analyses of Wastewaters
3.4 Biogeochemistry of the Waste Management Area
3.5 Perch Lake Project

3.5.1 Energy Budget, Lake Evaporation and Hydrology
3.5.2 Water Budget and Lake Chemistry
3.5.3 Data Storage

3.6 Stack Argon Measurements
3.7 Meteorology for Hybrid-Heating Experiment
3.8 Co-Operation With Outside Organizations

3.8.1 Long-Range Transport of Air Pollutants
3.8.2 Lake Evaporation Study
3.8.3 Reference Materials

3.9 Snowmelt, Runoff and Evapotranspiration in a Forested
Catchment

3.10 Soil and Groundwater Studies
3.10.1 Movement of Radionuclides in Soil

3.11 Commercial Operations
3.12 Contaminant Hydrogeochemistry
3.13 Radionuclide Transport in Fractured Rock
3.14 Measurement of Organically Bound Tritium in Vegetation
3.15 Radiometric Measurements of Carbon-14
3.16 Accelerator Measurement of Carbon-14
3.17 Uranium-234/Uranium-238 Activity Ratios



3.18 Environmental Impact Assessment
3.18.1 Long-Range Atmospheric Transport of Contaminants
3.18.2 Computer Modelling

3.18.2.1 Column Experiments
3.18.3 Environmental Assessment of CRNL Waste Management

Areas
3.18.3.1 233 Area
3.18.3.2 Waste Management Area "F"
3.18.3.3 Liquid Waste Disposal Area
3.18.3.4 Tracer Injection Experiment
3.18.3.5 External Contracts

3.18.4 Groundwater-Contaminant Flux to Surface Waters
and Behaviour of Radionuclides in Surface Waters
3.18.4.1 General Objective
3.18.4.2 Biodiscrimination of Radionuclides in

Aquatic Food Webs
3.18.4.3 Groundwater-Contaminant Flux to Surface

Waters: Field Studies
3.19 Gamma Exposure Rates in the Vicinity of CRNL
3.20 Off-Site Monitoring
3.21 Liquid Effluent Monitoring
3.22 Waste Management Areas
3.23 Gamma Exposure Rates in the Exclusion Area
3.24 Studies of the Behaviour of Cobalt and Actinides in the

Environment
3.24.1 Speciation Studies of Radionuclides in Groundwater
3.24.2 Development of Methods for the Determination of

Actinide Concentrations in Environmental Samples
3.25 Groundwater Chemical Analysis of the Liquid Disposal Area
3.26 Establishment of a Data Base for the Environmental Moni-

toring Program
3.27 Studies of Radioactivity in Trees
3.28 Tritium Survey
3.29 Survey Summary
3.30 Publications
3.31 Verbal Presentations

3.31.1 Presented Papers
3.31.2 Lectures or Seminars
3.31.3 Local Talks

3.32 Invited Speakers

For figures see end of section
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3.1 STAFF

3.1.1 Branch Head - I.L. Ophel

Environmental Chemistry and Meteorology

P.J. Barry Assistants: D.S. Hartwig1

P.C. Jay
E. Robertson
D.P. Wildsmith

L.K. Hendrie2

A.G. Price3

Environmental Impact Assessment

P.J. Barry

V.K. Barwell Assistant: S.W. Whittle

R.W.D. Killey Assistants: J.H. Munch
R.C. Goard4

D.R. Lee Assistant: B.M. Kent

Natural Isotope Studies

R.M. Brown

Biochemistry and Microbial Radioecology

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

Radiochemistry and Environmental Monitoring

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

iTransferred from Metallurgical Engineering Branch,
1980 July 02.

2Dept. of Geography, University of Toronto.
3Attached Staff from Dept. of Geography, University of
Toronto.

••Civil Engineering Co-op student from University of
Waterloo. Arrived 1980 September 02.
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3.1.1 STAFF (cont'd)

Contaminant HydrogeocheKii stry

R.E. Jackson1

Biology and Aquatic Radioecology

J.W. McMahon

I.L. Ophel

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

Assistant: J.M. Judd

Hydrology and Trace Element Analysis

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

Secretarial

D.J. TerMarsch

3.1.2 Other Attached Staff

M.R. Bowron and L.M. Johnston - National Hydrology Re-
search Institute, Environment Canada, Ottawa. Working
on a co-operative project with R.E. Jackson on work
relating to trace elements in groundwater.

L.E. Lindsay - Dept. of Earth Sciences, University of
Waterloo, Waterloo. Working on a research contract
between AECL and the University.

J.O. McHugh - On a Natural Sciences and Engineering Re-
search Council Canada CNSERC) Postdoctoral Fellowship.
Working with E.L. Cooper.

N.S. McLeod - Dept. of Earth Sciences, University of
Waterloo, Waterloo. Working on a Master's Thesis pro-
ject with D.R. Lee. Terminated 1980 September 05.

G.M. Milton - Dept. of Earth Sciences, University of
Waterloo, Waterloo. Working on a Ph.D. Thesis project
with R.M. Brown.

K.S. Novakowski - Dept. of Earth Sciences, University
of Waterloo. Working on a Master's Thesis project
with R.W.D. Killey

^Attached Staff from National Hydrology Research In-
stitute, Environment Canada, Ottawa.
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3.1 2 Other Attached Staff (cont'd)

J.F. Pickens - National Hydrology Research Institute,
Environment Canada, Ottawa. Working on a co-operative
project with W.F. Merritt on dispersion of solutes in
flow through granular media.

T.K. Sowden - Dept. of Biology, University of Waterloo,
Waterloo. Working on a research contract between AECL
and the University. Terminated 1980 August 31.

3.1.3 Summer Students

M.T. Alexander - Queen's University, Kingston, working
with R.W.D. Killey, terminated 1980 September 04.

V.S. Corriveau - University of Western Ontario, London,
working with J.W. McMahon, terminated 1980 September 02,

E.M. Harrison - Mount Allison University, Sackville,
New Brunswick, working with D.R. Lee, terminated 1980
September 05.

L.M. Langlais - Mackenzie High School, Deep River, work-
ing with P.J. Barry, terminated 1980 August 29.

C.A. Macpherson - Acadia University, Wolfville, Nova
Scotia, working with D.R. Lee, terminated 1980
August 15.

L.J. Milton - Mackenzie High School, Deep River, working
with E.L. Cooper, terminated 1980 August 22.

S.D. Moore - University of Toronto, working with P.C.
jay, terminated 1980 August 29.

C.A. Stevens - Acadia University, Wolfville, Nova Scotia,
working with D.R. Champ, terminated 1980 August 15.

E.R. Woods - Dalhousie University, Halifax, Nova Scotia,
working with R.M. Brown, terminated 1980 August 15.
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3.2 BENEFICIAL USES OF WASTE HEAT - J.W. McMahon and A.E.
Docherty

3.2.1 Aquaculture of Freshwater Organisms

Studies on the combined utilization of low-grade
heat and nutrient enrichment for culturing the alga
Soenedesmus basiliensis were continued. The optimum
fertilization level of nitrogen and phosphorus for
Soenedesmus at 24°C was found to be ten times the
amount in Maskinonge Lake. Using "batch" culture
techniques population densities of 8.5 x 10^ cells*
mL~l have been achieved. Availability of light, how-
ever, now becomes the limiting factor for growth.
This situation occurs when populations reach maximum
growth rates, usually at a population density of
2 x 106 cells'mL"1.

Studies were initiated for the continuous in
situ culture of algae, where nutrients and fresh lake
water are added daily to replace a known volume of
harvested algae. There have been difficulties with
flow-rate control, reliability of submersible pumps
in the culture tanks and the availability of adequate
cooling water for proper temperature control of the
supply reservoirs during the summer. This latter
problem is currently being rectified.

Continuous culture techniques were also applied
to Scenedesmus using treated wastewaters from the
sewage treatment plant in the Village of Chalk River.
Chemical analyses of wastewaters, collected at differ-
ent times,revealed considerable variability in
nutrient content. Phosphorus, for example, ranged
from 0.2 to 10.5 yg-mL"-'- in different samples. This
variability might be overcome by compositing wastewater
collections. Initial results suggest that growth rates
of algae in wastewater are equivalent to those obtained
using similar concentrations of chemically pure
nutrients — two problems still to be resolved are
transportation and storage facilities for handling
large volumes of wastewater..

3.3 LABORATORY STUDIES ON ALGAL GROWTH IN NATURAL WATERS
- J.W. McMahon and S-R. Gentner

Carbon-14 uptake rates were determined through-
out the growth cycle for three species of Scenedesmusz
S. bigugatus, aoutus and parisiensis using an illumi-
nance of 9.7 x 103 lux. Maximum carbon uptake for
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3.3 LABORATORY STUDIES ON ALGAL GROWTH IN NATURAL WATERS
(cont'd)

S. bijugatus was 4.0 mg C*L *h . However, a doubling
of light intensity resulted in a doubling in primary
production rates to 8.C mg C-L~l>h ^.

Analyses of data on several algae being studied
indicate that the rates of productivity (ing C«L~l«h~l)
and dry weight of cells (mg-L-1) decrease by a factor
of ten through the growth cycle for S. parisiensis and
by a factor of 40 for Ankistvodesmus bvaunii and S.
basiliensis. These changes appear to be partly due to
decreases in cell size, but are most probably due to
physical or chemical limitations which occur midway
through the exponential phase of growth. To achieve
optimum productivity continuous cultures should be
maintained below 2 x 10*> cells-mL"! density, a concen-
tration usually reached early in the growth cycle.

3.3.1 Laboratory Analyses of Wastewaters - J.W. McMahon and
S-R. Gentner

Standard curves were prepared for measuring F~, Cl~,
NO2~f SO42-, PO43*- and NO3~ using the Dionex ion chromato-
graph. Several samples of wastewater from the Chalk
River and Deep River sewage treatment plants were
analyzed.

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

The role of bacteria in the particulate trans-
port of cesium in groundwater has been investigated.
W.F. Merritt previously reported (see Section 3.9,
PR-HS-3, AECL-5944) the continuous release of
particulate-associated Cs from a soil column which
had been loaded with -L^Cs. We observed that irradia-
tion of fresh eluant from this column with 104 Gy CIO6 rad) of
gamma-radiation interfered with the dissolution of
the particles and/or release of the 134cs from the
particles. This observation suggested a possible role
for micro-organisms in the dissolution of the particles
and/or association of the 134cs with the particles.

A second column was prepared using the same
saturated zone core, loaded with 1^4cs and eluted under
the same conditions as reported previously by W.F.
Merritt. The behaviour of 134Cs on this column was
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3.4 BIOGEOCHEMISTRY OF THE WASTE MANAGEMENT AREA (cont'd)

as observed on the first column. Following four
months' equilibration, the column plus the groundwater
used for elution were irradiated with 104 Gy (106 rad) of y
radiation. The column was then eluted under sterile
conditions and the eluant checked for 134Cs activity,
bacterial numbers, and particulates. Irradiation re-
sulted in an approximately ten-fold decrease in the
amount of 134cs activity released from the column;
this accounted for 98% of the activity associated with
particles greater than 0.45 micrometres in size. The
bacterial numbers dropped from approximately 10^ mL"1

to non-detectable following irradiation. With con-
tinued elution the number of bacteria in the eluant
increased as did the amount of 134cs released. This
correlation between bacterial activity and 134cs re-
lease from the column is being investigated further.

Field column experiments to examine the role of
the hydrous oxides of Fe, and perhaps Mn, in the adsorp-
tion of As have been completed. The adsorption of
As(III) and As(V) on "native" sand versus sand that had
been stripped with acidified hydroxylamine to remove
hydrous oxide coatings indicated that these coatings
were responsible for approximately 50% of the adsorp- *
tion of As(V) at pH 5. Sites other than hydrous oxides
appear to be responsible for the residual adsorption
at pH 5 and for all of the adsorption at pH 8 (25 to
30% of the loaded As). The adsorption of As(III) was
unaffected at pH 8, but enhanced at pH 5, by the
removal of hydrous oxides.

3.5 PERCH LAKE PROJECT

3.5.1 Energy Budget, Lake Evaporation and Hydrology - P.J.
Barry, E. Robertson and D.S. Hartwig

All measurements required for energy budget
estimates of lake evaporation and for heat transfer
studies were continued at Perch and Maskinonge Lakes.

Two injections of Rhodamine B dye were made in Upper
Bass Lake. The purpose of these experiments was to
gain more insight into the mechanisms which result in
net transfers of solutes and heat in lakes and to
compare heat and solute transfer coefficients. (Due
to the greater than average precipitation in July,
dye was lost by surface outflow at a rate of about 11%



3.5.1 Energy Budget, Lake Evaporation and Hydrology (cont'd)

per day.) Anomalous dilution effects were observed in the
vertical dye concentration profiles which were eventually
traced to a stream input, the temperature of which was
low compared to the lake surface temperatures.

Analysis of these data is now under way. The
energy-budget model is being adapted to predict solute
mixing, the effects of varying stream inputs,and net
losses, on temperature and concentration profiles in
lakes.

3.5.2 Water Budget and Lake Chemistry - P.C. Jay

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

Major anions in surface, groundwater and precipi-
tation samples from the Perch Lake systems and the
streams entering Upper and Lower Bass Lakes, were
analyzed using a Dionex Model 10 ion chromatograph.
Water samples for chemical analysis were taken at 25 cm
intervals from lake surface to the mud-water interface
at Perch, Upper and Lower Bass Lakes.

Large differences in concentrations of sulphate
and chloride were found between the various streams
and these were reflected in the distribution of these
anions in the lakes. Differences in chloride concen-
trations appeared to depend on contamination of stream
headwaters by road salt.

3.5.3 Data Storage - D.P. Wildsmith

Perch Lake outlet and inlet stream flow data
for the period 1980 January to July inclusive has been
received from the Water Survey of Canada, Environment
Canada.

Other data from the Perch Lake basin, i.e. preci-
pitation, outlet stage height, maximum and minimum air
temperatures, and soil temperatures?are recorded daily.
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3.6 STACK ARGON MEASUREMENTS - D.P. Wildsmith and P.J.
Barry

Occasional monitoring of the argon released from
the main stack continues. CO2 is introduced into the
J-rod annulus of NRU primarily to replace the moist
air and thus reduce the corrosion rate of the reactor
vessel. A useful byproduct is that the volume of air
present is greatly reduced, resulting in a. much-reduced
3̂-Ar release from the main reactor stack. The results
obtained to date for 1980 are given in Table 3.6.

3.7 METEOROLOGY FOR HYBRID-HEATING EXPERIMENT - P.C. Jay,
P.J. Barry and D.P. Wildsmith

Meteorological data from CRNL and Deep River will
be compared during the first four months of this
experiment which will start on October 01. Records
are available from the main gate of CRNL for past years
and it is important to determine how valid the CRNL
records and measurements are for Deep River. There
is also a possibility that significant differences in
temperature exist within Deep River itself. Three
stations have been set up in Deep River; one in a
garden on Beach. Avenue near the Ottawa River, another on
Hillcrest Avenue on a former river terrace and the
third on Rutherford Avenue at the edge of the river
valley. Wind speeds and solar radiation inputs will
also be measured and used to assist interpretations
of the hybrid-heating experimental results.

3 . 8 CO-OPERATION WITH OUTSIDE ORGANIZATIONS

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

In co-operation with the Atmospheric Environment
Service of Environment Canada, the Background Air and
Particulate Sampling Station at CRNL continues to be
monitored on a daily basis.

During July and August an additional intensive
study of Persistent Elevated Pollution Episodes (PEPE)
was conducted. This required additional air sampling
equipment and filter packs which sampled air for
periods of six hours each.



41Table 3.6. Measured Ar Releases from Main Reactor Stack 1980

Sampling
Date

Jan.

Mar.

May

June

Aug.

10

25

29

03

06

Time (EST)

09:28-09:32

08:24-08:28

07:18-07:22

07:23-07:27

07:18-07:22

41
GBq

141.9

36.0

39.8

147.3

39.8

•d"1

X

X

X

X

X

103

103

103

103

103

megawatts

68

122

130

net

120

NRU

co2(%)
normal

normal

normal

operating

normal

NRX
megawatts

23.2

not operating

not operating

25.1

not operating

GBq-dr1

•MW"1

1556

295

306

5868

332

1 Ci = 37 GBq



3.8.2 Lake Evaporation Study - P.J. Barry and E. Robertson

This is a continuing co-operative study with
the Water Resources Branch of the Ontario Ministry of
the Environment.

Further analysis of Sudbury and Muskoka data is
again underway since the decrease in summer field
work activities at the Chalk River lakes.

3.8.3 Reference Materials - W.F. Merritt

M. Feiner and C. Sanderson of Environmental
Measurements Laboratory, Dept. of Energy, New York,
U.S.A. spent four days at CRNL collecting = 400 kg
of water lily foliage from Perch Lake to be used as
reference analytical material in their quality as-
surance program.

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

Nothing further to report.

3.10 SOIL AND GROUNDWATEK STUDIES - W.F. Merritt and B.A.
Risto

3.1Q.1 Movement of Radionuclides in Soil

The work is continuing.

3.11 COMMERCIAL OPERATIONS - W.F. Merritt

A groundwater tracer dispersion test was carried
out at Bruce Waste Management Area under contract to
Ontario Hydro. CRNL personnel handled the 131j an<j
85sr used as tracers and provided the counting equipment
and radiological safety expertise. Staff from the
University of Waterloo Research Institute superintended
the sampling and will analyze the results.

3.12 CONTAMINANT HYDROGEOCHEMISTRY - R.E. Jackson

Radiochemical and chemical extraction analyses
of a sample (MA5/3) of 90sr-contaminated soil from the
1954-55 plumes, lower Perch Lake basin, were completed.
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3.12 CONTAMINANT HYDROGEOCHEMISTRY (cont'd)

Following extraction of electrostatically adsorbed
90sr by 0.1M SrCl2* the sediment was separated into
grain-size fractions and treated with acidified
hydroxy 1 ami ne hydrochloride to dissolve Al, Fe and Mil
oxides and thereby release specifically adsorbed 90gr.
As with a previous sample (LAI/2) the distribution of
extracted *0gr with respect to grain size was bimodal,
with maxima in the coarse (i.e. medium sand) and fine
(.i.e. silt) fractions. Similar maxima were found in
the extracted Al, Fe and Mn,suggesting that the fixa-
tion of 90Sr in the aquifer soils is at least partly
due to its specific adsorption by hydrous metal oxides.

3.13 RADIONUCLIDE TRANSPORT IN FRACTURED ROCK - R.E. Jackson

Sodium analyses of waters collected during the
Nal tracer test of May 1980 were undertaken by the
General Chemistry Branch/ CRNL and showed a very much
slower breakthrough for Na than for I. The samples
are now being reanalyzed for Ca which was presumably
released during Na adsorption on the fracture surfaces.

3.14 MEASUREMENT OF ORGANICALLY BOUND TRITIUM IN VEGETATION
- E.R. Woods and R.M. Brown

We still have doubts about the validity of mea-
surements of low levels of organically bound to free
water tritium in plant material. We continue to get
high and variable results on samples of spruce sawdust
which should have an organically bound tritium content
of less than 500 Tritium Units (TU) (0.06 Bq-mL"1

combustion water) but we have not been able to identify
or eliminate the cause. Boiling the wood in 0.5M HC1
is the best treatment and it usually reduces the
tritium content to the 500 TU level/ but not consis-
tently. We have demonstrated that there is no contami-
nation inherent in our combustion system by observing
no pickup of tritium on evaporating tritium-free water
through the system or on combusting samples of polyethy-
lene with a low tritium content. The work is continu-
ing.



3.15 RADIOMETRIC MEASUREMENTS OF CARBON-14 - E.R. Woods and
R.M. Brown

The benzene synthesis:liquid scintillation
counting system has been reactivated, shown to be free
of contamination and used for a number of calibration,
intercomparison and local well-water samples. Tech-
niques for field sampling of well-waters to recover
both carbonates and uranium for isotopic analysis from
a common sample have been applied.

3.16 ACCELERATOR MEASUREMENT OF CARBON-14 - R.M. Brown with
H.R. Andrews, G.C. Ball, W.G. Davies, J.C.D. Milton
of Nuclear Physics Branch and Y. Imahori of NRX Reactor
Branch

Techniques for the recovery of small amounts of
organic carbon from bone material (a mammoth tooth from
Hudson Bayl and inorganic carbon from calcite fracture
fillings of granite drill cores have been developed.
Samples have been prepared for the next accelerator run.

Samples of iron carbide in the form of a small
ring in a tantalum annulus similar in shape and mount-
ing to our usual carbon mounts, have been prepared to
see if they will give an improved ion yield. A pre-
liminary trial was disappointing, in that the yield
was initially no better than that from carbon, and it
soon decreased due to a hole being burned through the
relatively thin carbide ring. The hard metallic
carbide is a very robust source and its use is attrac-
tive since it eliminates the opportunity for source
chamber contamination offered by the relatively soft
carbon sources. Conditions for carbide preparation
(fusion of C and Fe in an electron furnace) in the
shape desired have proved rather critical and require
further investigation if the technique is to be used
routinely.

3.17 URANIUM-234/URANIUM-238 ACTIVITY RATIOS - G.M. Milton,
University of Waterloo and R.M. Brown

A survey of area wells drilled into bedrock has
commenced, involving analysis of major cations and
anions, as well as U, 14C and tritium. It is hoped
that any correlations observed will be helpful in
establishing the major patterns of local groundwater
flow.
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3.17 URANIUM-234/URANIUM-238 ACTIVITY RATIOS (cont'd)

A suite of fractures from the core of drill
hole WN-1, Lac du Bonnet batholith, was recently pro-
vided by Terrain Sciences, Pre-Cambrian Division,
Geological Survey of Canada. The fillings of these
fractures consist mainly of chlorite, calcite and
hematite. Analyses of these samples should indicate
the range of uranium concentrations likely to be
encountered in such fillings and afford an opportunity
to work out suitable recovery techniques: leaching,
dissolving, etc. Preliminary work on one such filling
has suggested a uranium concentration enhancement of
> 200 over that of the host rock. Some comparison with
uranium concentrations and isotopic ratios already mea-
sured in groundwaters collected at several depths from
this hole may be possible.

3-18 ENVIRONMENTAL IMPACT ASSESSMENT

3.18.1 Long-Range Atmospheric Transport of Contaminants -
P.J. Barry

Nothing further to report.

3.18.2 Computer Modelling - V.K. Barwell and S.W. Whittle

The NUTRAN model has been installed at CRNL and
the teat cases have been run. A report on NUTRAN (unpublished
AECL Report No. TR-1211 is being issued. Future
work will include modifying the NUTRAN code to use
ICRP-26 methodology, typical Canadian data and CANDU
high-level waste inventories.

Further testing is being done of the surface
water model being implemented by the Inland Waters
Directorate, Environment Canada.

The computer package for statistical analysis of
aquatic communities is complete. Some preliminary appli-
cations have shown it to be inadequate for handling
large data sets, so it is being modified to use extended
core storage and dynamic core allocation on our CDC
equipment.

A computer model to correctly handle Te-I decay
chains is complete and the optimization of the para-
meters used in the model is being investigated.
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3.18.2.1 Column_Exper iments

243
Work on the column experiments using Am has

been delayed since a Ge(Li) counter is not available
to count samples.

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

3.18.3.1 233 Area

Chemical analyses of a suite of 75 groundwater
samples from the 233 Area flow system have been com-
pleted. The resulting data have been processed using
the WATEQF code to determine inorganic speciation and
saturation indices under assumed equilibrium conditions,
Results show the groundwaters to be characterized by
a very limited range of pH and Eg, with iron as the
apparent major control on redox conditions in uncon-

., taminated portions of the flow system. Waters are
generally saturated with respect to only iron oxides
and silica. Dissolved organic carbon analyses have
confirmed greatly elevated concentrations in the con-
taminant plume from Area "C", and a widespread distri-
bution of mobile cobalt-60 (.10Q-7QQ pCi*^" 1! has been
found.

Drilling, soil sampling, and monitor installation
has continued, with recent efforts concentrated on the
contaminant plume arising from disposals at the site
of the former nitrate decomposition plant. In situ
distribution ratios for strontium-90 have been measured
at various locations in the groundwater plume, while
selected sediment samples have been magnetically
separated into subfractions based on mineralogy. The
separations show very strong preferential fixation of
strontium-90 by coarse-grained biotite and altered
biotite Cup to 17% of total activity on 0.5% of the
sample by weight). Experiments are being set up to
study the modes of fixation and their relation to
distribution ratios observed in the plume.

pCi = .037 Bq
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3.18.3.2 Waste Management __Area ̂ F^

Studies of the effectiveness of the "clay"
(clayey silt) cover,applied to the site to minimize
water infiltration into the waste, have been prepared
by two methods. L.E. Lindsay of the University of
Waterloo has monitored soil moisture distributions
in the clayey silt and overlying sand cover using
neutron- and gamma-attenuation logging procedures.
We have installed a tile drain near the toe of the
slope on the southern portion of the site to directly
collect any infiltration penetrating the final sand
and topsoil cover and running off over the low-
permeability clayey silt.

Two horeholes have been drilled to replace
damaged groundwater monitors and to provide moisture
content and sediment samples of the waste and under-
lying natural soils. The soils are currently being
analyzed for arsenic as a tracer for contaminant trans-
port from the waste. Routine hydraulic head monitoring
has continued.

3.18.3.3 Liquid_Wa_s te_Di:sp_os_a 1̂  Area

Hydraulic head measurements have shown that
although a portion of the contaminant plume from the
Chemical Pit migrates directly to the East Swamp
stream, much of the groundwater flow is almost parallel
to the stream course. This indicates that contaminants
in groundwater due east of the north end of Reactor
Pit #2 have been transported from the Chemical Pit.
Vertical head and contaminant distributions show the
expected pattern of groundwater discharge to the stream
and surrounding wetlands.

Selected sediment samples from the contaminant
plume have been sieved into grain-size fractions and
separated magnetically into quartz/feldspar, hornblende/
biotite/vermiculite and magnetite/garnet segregates.
All show the cobalt-60 to be preferentially fixed on
the coarse- and fine-grained horneblende/biotite/
vermiculite fractions and to the very fine quartz/
feldspar fractions. Desorption experiments currently
under way will help elucidate the mechanisms of fixa-
tion.



3.18.3.3 LiguidJWaste_DisgO£al^ Area (cont'd)

Groundwater sampling and analysis for major ions
and radionuclides were performed in association with
J.O. McHugh and E.L. Cooper (see Section 3.25 of this
report). In general, contaminated groundwater in this
area is much more oxidizing and somewhat more acidic
than uncontaminated groundwater, and contains low
levels of a wide variety of radionuclides in addition
to cobalt-60.

3.18.3.4 Tracer_Injection_Exper iment

A small-scale tracer experiment was planned in
association with D.R. Lee and V.K. Barwell to investi-
gate different techniques for determining anisotropy
and to provide experience for a larger scale test.
Continuous sediment coring was undertaken on a 100 m
site on the eastern margin of Perch Lake to define the
stratigraphy in detail. Coring and hydraulic-head
measurements revealed a discontinuous clay layer that
made the site unsuitable for experimental purposes.
Attention has now shifted to the east side of Twin
Lake, which looks favourable from limited drilling
results. Further investigations are planned once the
lake has frozen.

3.18.3.5 External_Contraces

Two proposals for provision of pulsed radar
profiling have been received to date - selection will
be made after the closing date for submissions on
October 15.

Groundwater-Contaminant Flux to Surface Waters and
Behaviour ofRadionuclides in Surface Waters

3.18.4.1 Genera^ Objective - D.R. Lee

The purpose of this work is to understand
radionuclide transport into, and distribution within,
surface waters. This goal is being sought through
field and laboratory experiments and research con-
tracts .



3.18.4.2 Biodi^cri^nation of _
Food_Webs_ - D.R. Lee, B.M. Kent and C.A.
Macpherson

Samples of aquatic organisms taken from Main
Stream and East Swamp Streams indicate a rapid downstream
decrease in total beta activity. For example, dragonfly
larvae (Odonata) in the East Swamp Stream have beta
activities of 49.5 pCi-g~l*wet weight at site 6 (upstream)
and 22.8 pCi«g~^*wet weight at site 2 (near Perch Lake).
This data will be discussed in the next progress report
when the gamma measurements will be available.

3.18.4.3 Groundwate£-Contaminant Flux__to Surface Waters^
Field Studie£ - D.R. Lee, B.M. Kent and E.M.
Harrrson

Reconnaissance methods are needed for locating
points of groundwater entry to surface waters. An
experiment was initiated to explore the apparent associa-
tion of some species of emergent aquatic plants with
nearshore seepage zones in lakes. We tilled the sedi-
ment and transplanted several species of emergent aquatic
plants in two plots of known groundwater discharge.
Half of each plot was underlain by plastic sheeting to
prevent bulk groundwater flow. Results after the first
summer season show little difference between seepage and
no-seepage areas in terms of growth of shoots or fruit-
ing bodies. However in the pore-water of the no-seepage
areas there has been a marked increase in electrical
conductance and a decrease in sulfate concentration.
The plant assemblage will be monitored during the next
growing season.

East Swamp Stream is being instrumented for studies
of radionuclide transport in stream/groundwater systems.
The stream gains water by groundwater discharge above
the hydro line road, but loses water by groundwater re-
charge further downstream (.Table 3.18.4.3). Owing to the
large volumes of water that are artificially pumped into
the Liquid Disposal Area, near the headwaters of this small
stream, this system offers a variety of possibilities for
groundwater/surface water tracing experiments.

We are continuing to monitor hydraulic head in
and adjacent to Dew Drop Lake and Perch Lake for the
purpose of defining temporal changes in groundwater
flow directions. Rainfall-related changes in ground-
water discharge are also being monitored; preliminary

'1 pCi = TOT? Bq



3.18.4. 3 Groundwater-Contaminan^
Field Studies (cont'd)

Su£f ac£ Waters:

Table 3.18.4.3 Discharge of Water at Selected Points
Along East Swamp Stream

Date (1980)/Location*

June 12

June 16

July 25**
July 25

September 16

October 08

Discharqe (10~3
E

—

-

1.40
1.52

0.72

4.54

D

1.31

0.94

1.46
1.82

0.78

5.61

C

2.43

2.28

3.17
3.67

1.54

10.1

m3-s~
B

2.32

2.04

2.55
3.03

1.39

6.36

1)
A

2.27

1.78

2.62
2.56

0.98

6.39

*Proceeding downstream from E to A.

**Stream gauging with Rhodamine WT. All other measure-
ments used NaCl.

results indicate that rain-induced increases in water-
table elevation (̂  30% increase in 20 or 30 minutes) may
result in small increases (< 15%) in groundwater dis-
charge rates. Initial attempts to inject tracer solu-
tions (NaBr and NaCl) in a plane 0.5 m x 0.5 m in size
were unsuccessful,probably due to fouling of the injec-
tion screen during emplacement.

Approximately eight man-hours of SCUBA work were
devoted to a search for groundwater-active fractures in
the bedrock of Maskinonge Lake. Along most rock shores
we observed no infilling material in underwater frac-
tures. However in one area of lakebed, fractures were
found that contained amorphous iron precipitates. Two
of these were fitted with stainless steel tubes and
seepage meters. Initial measurement of seepage through
one of these tubes gave 2.3 mL«s~l over a 15-minute
period, but a week later measurements in both fractures
yielded two results of < 0.001 mL's"1 over measurement
periods of 1 to 96 hours. The meaning of these results
is not yet clear. Further attempts to identify and sample
fracture fldws into lakes are planned for next summer.



3.18.4.3 Groundwater-Contam^nant Flux_to S_urf ac£ Waters:
Field Studies Jcont'd)

However we do have two encouraging results: (1)
We now have a method for patching sampling tubes in
underwater fractures; the epoxy-rock bond is firm for
at least four weeks. (2) Considerable geologic and
hydrogeologic information appears to be available for
Shield lakes.

3.19 GAMMA EXPOSURE RATES IN THE VICINITY OF CRNL - E.L.
Cooper, 6. Lahaie and L.A. Mask

TLDs placed at the perimeter of the CRNL exclu-
sion area (see Fig. 3.19.1} are used to measure mean
exposure rates and the annual integrated exposures.
Results in Table 3.19 give the sum of contributions
from CRNL and natural gamma radiation.

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

Precipitation samples collected at Deep River
were analyzed radiochemically for 90sr and spectro-
metrically for 137Q S and other gamma emitters. Monthly
composite samples of water from the Ottawa River,
collected at Rolphton, Deep River, Pembroke and CRNL,
were also analyzed for gamma-emitting nuclides, tri-
tium and 90Sr. The results are shown in Figure 3.20.1.

3.21 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 nu-
clides. The mean daily release from the Process Sewer
is given in Table 3.21 for the second quarter of 1980.

Most of the radionuclides are measured by gamma ray
spectrometry.



Table 3.19 TLD Gamma Exposure Rates in Public Areas1

Second Quarter 1980 (yR*/h)

Location
(see Fig. 3.19.1)

1

2

3

4

5

6

7

8

13

Harrington Bay3

Deep River

Second Quarter
1980

10.2

7.1

4.4

8.0

5.3

4.9

5.3

8.4

9.7-

6.8

5.3

1978
Average

11.7

7.0

5.0

6.1

4.5

4.2

5.0

7.2

10.1

7.8

5.6

1979
Average

9.5

7.3

3.9

4.8

4.3

4.1

4.9

8.3

9.32

5.9

4.8

1Sum of natural background and airborne contamination
from CRNL. The contribution from cosmic radiation has
been deducted. In 1977 a change in estimating the cos-
mic contribution resulted in lower totals at all sta-
tions (-1.9 yR/h).

2This figure is the average for the period 1978 October

02 to 1979 October 03.
3Harrington Bay, P.Q./ 11 km east from plant stack.

-This figure is the average for the period 1979 October
03 to 1980 July 02.

3.21 LIQUID EFFLUENT MONITORING (cont'd)

Perch Creek (See Fig. 3.19.1) draining Perch Lake
and the Waste Management Areas, also flows into the
river and is sampled regularly. The total amount of
radioactivity discharged from CRNL per day is calculated
from the measured flow rates and radionuclide concentra-
tions in individual streams (Fig. 3.21.1) . The plutonium
values represent 239Pu pi u s 240pu since these two iso-
topes cannot be distinguished by alpha spectrometry.

-4*1 R = 2.58 x 10 C/kg



Table 3.21 Mean Daily Release from Process Sewer
Second Quarter 1980

Radionuclides

90Sr

137CS

144Ce

106
Ru

140Ba

131,

2 3 9N P

95Zr

54Mn

46Sc

59Fe

65Zn

60Co

Daily
mCi/d

1

4

3

*1

3

2

£20

3

4

6

7

6

3

Release
MBq/d

37

148

111

*37

111

74

*740

111

148

222

259

222

111

3.21 LIQUID EFFLUENT MONITORING (cont'd)

Starting in 1980 the plutonium figures (Fig. 3.21.1) are
expressed in terms of activity per day rather than mass
per day. Since " 9 p u an(j 240pu cannot be distinguished
by alpha spectrometry and the two isotopes have differ-
ent half-lives, it is more meaningful to express the
release rate in terms of activity. Comparison with
previous release rates can be achieved by applying the
conversion: 1 mCi = 16.3 mg for 239pu.

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



3.22 WASTE MANAGEMENT AREAS - 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 Waste Management Areas into
Perch and Maskinonge Lakes (see Fig. 3.19.1). Most
samples were combined and analyzed monthly for 3H as
well as quarterly for gamma-emitting radionuclides and
90sr. Strontium-90, 60Co and 3H are still the main
contaminants in t'i.e Perch Lake basin.

3.23 GAMKA 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 3.23. The reduction in exposure rates observed
in Bldg. 513 is due to shielding from 35 cm of concrete
in the floors above the detector.

Table 3.23 TLD Gamma Exposure Rates in Exclusion Area1

Second Quarter 1980 (pR*/h)

Location
(see Fig. 3.19.1)

9

10 (office)2

11

163

Second Quarter
1980

24.8

13.7

12.9

12.0

1978
Average

30.8

13.4

10.1

10.6

1979
Average

30.5

13.2

12.5

10.2

1Sum of natural background and airborne contamination
from CRNL. The contribution from cosmic radiation has
been deducted. In 1977 a change in the method of esti-
mating the cosmic contribution resulted in lower totals
at all stations (-1.9 uR/h).

2First 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

3Office in CRNL cafeteria.

*1 R = 2.58 x 10"4 C/kg



3.24 STUDIES OF THE BEHAVIOUR OF COBALT AND ACTINIDES IN THE
ENVIRONMENT

3.24.1 Speciation Studies of Radionuclides in Groundwater -
E.L. Cooper and J.O. McHugh

Following previous work (see Section 3.22, PR-HS-4,
AECL-7054) on resin uptake of nuclides in streamwater
from the Liquid Disposal Area which suggested the pre-
sence of a °°co complex in solution, further studies of
the groundwater using resin columns have been pursued
both in the laboratory and in situ.

Elution of Biorad AGl (anion) and Dowex 50 (cation)
exchangers with East Swamp groundwater, followed by the
total B counting and y spectrometry, has shown that approx-
imately 90% of the 60Co is taken up by AGl, whoreas Dowex
50 surprisingly showed negligible retention of the nu-
clide. As expected, 1C)6RU had an affinity for the anion
exchange resin. It is also interesting that over 90% of
the gross a activity was retained by AGl resin.

These results have been interpreted as additional
evidence for the existence of 60co and other radionuclide
complexes, although at this stage it would be premature
to identify the species as anionic, since non-exchange
interactions may account for the phenomenon. However,
we hope to investigate the charge of the species by an
electrolytic method which we are developing. Initial
results from these experiments are encouraging.

The above work indicates an association of cobalt
with other chemical species in groundwaters. Gel exclu-
sion chromatography and membrane ultrafiltration have
provided further information on the molecular size of the
cobalt species.

The groundwater elution profile of a Biogel P-2
column shows a sharp 60^0 peak whose position is similar
to other 60Q O complexes, e.g. with EDTA, and differs
widely from the profile for free Co^+ ion, which is
further evidence of complexation.

This may also provide a method of nuclide concen-
tration prior to further analysis.

Amicon ultrafiltration of groundwaters shows that
the majority of 60Co and 106Ru species are retained by



3.24.1 Speciation Studies of Radionuclides in Groundwater
(cont'd)

500 and 1000 molecular weight cutoff filters, suggesting
this molecular size range is worthy of future effort.
We hope to utilize a high pressure liquid chromatography
column technique (in collaboration with D.R. Champ) to
achieve even further fractionation and identification of
the groundwater species.

3.24.2 Development of Methods for the Determination of Actinide
Concentrations in Environmental Samples - E.L. Cooper,
G. Lahaie and J.O. McHugh

Since the alpha activity in some groundwaters can
also be absorbed directly onto columns of AG1 resin, it
is possible to determine the concentrations of actinide
activities by selective elution of each element with
different hydrochloric acid solutions, followed by elec-
trodeposition and alpha spectrometry.

The nuclides present in groundwater from the Liquid
Disposal Area as determined by this method include 238pU/
239pu + 240pUf 24lAm and enriched uranium. It is in-
tended to extend this work to other groundwaters in the
area and to investigate the nature of uptake on the
resin.

A procedure for the simultaneous determination of
isotopes of Th, Np and Pu in environmental samples has
been developed. This method employs a radiochemical
separation of the actinide elements by anion exchange
chromatography. The activities of the individual acti-
nide isotopes are determined by alpha spectrometry using
electrodeposited sources. Neptunium and plutonium
isotopes are electrodeposited on the same source, since
there are no mutual interferences in their alpha spectra.

3.25 GROUNDWATER CHEMICAL ANALYSIS OF THE LIQUID DISPOSAL
AREA - E.L. Cooper and J.O. McHugh

In conjunction with R.W.D. Killey and J.H. Munch
(see Section 3.18.3.3 of this report), pH, E H and
cation/anion concentrations have been measured for
groundwaters in the East Swamp below the Chemical Pit.
These show that fairly oxidizing conditions (EH 500-600
mV) and relatively low pH (5.0 ± 0.2) characterize the



3.25 GROUNDWATER CHEMICAL ANALYSIS OF THE LIQUID DISPOSAL
AREA (cont'd)

initial plume emergent from the pit into the swamp.
R.W.D. Killey has analyzed this data using the WATEQF
computer program to calculate probable species concen-
trations in the groundwater. Major anions in the East
Swamp groundwatars include F~, Cl~, SO^-, small amounts
of N03~ with negligible PO^" and N02~- Levels of Ca2+,
Mg2+, Na+, K+, Fe and HCO3" have been measured by J.H.
Munch. Na+ and Ca 2 + constitute the major groundwater
cations, however,Fe (presumably the reduced species
Fe2+) values are high in areas of low E u.

3.26 ESTABLISHMENT OF A DATA BASE FOR THE ENVIRONMENTAL
MONITORING PROGRAM - E.L. Cooper, M.J. Wenzowski and
L.J. Milton

During the past quarter the results of the gamma
spectre-metric analyses of effluents and river water
samples extending back to the start of 1976 were coded
for the CRNL computer. This comprises about half of
the available monitoring data of this type. Work on
the programing is continuing.

3.27 STUDIES OF RADIOACTIVITY IN TREES - E.L. Cooper, G.
Lahaie, J.O. McHugh and M.J. Wenzowski

Analysis of the tree sap and groundwater samples
collected in the spring is continuing. It is expected
that the preparation and analysis of the sap samples by
gamma ray spectrometry will be completed during the
next quarter.

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

Average concentrations of tritium in streams
within the exclusion area are given in Table 3.28 to-
gether with the amount released during the second
quarter of 1980.

3.29 SURVEY SUMMARY - E.L. Cooper

No significant contamination of the environment
resulting from operations at CRNL has been detected in
these surveys.
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Table 3.28 Tritium in Streams in the Exclusion Area
Second Quarter 1980

Process Sewer

Sanitary Sewer

04A Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream1

Concentration
yCi/L

0.059

0.019

0.204

0.305

4.794

kBq/L

2

0

7

11.

177

.20

.69

.56

27

4

Quarterly
Ci

698

2.04

27.7

373

145

2

1

Release
GBq

.58 x

75

1025

.38 x

5365

104

104

1Duke Stream discharges into Maskinonge Lake; all other
streams flow directly to the Ottawa River.

3.30 PUBLICATIONS

McMAHON, J.W. and A.E. DOCHERTY. Seasonal effects of
low-grade heat on a phytoplanlcton community.
AECL-6984. 17 pp.

JACKSON, R.E., K.J. INCH, R.J. PATTERSON, K.E. LYON,
T.G. SPOEL, W.F. MERRITT and B.A. RISTC. Adsorption
of radionuclides in a fluvial-sand aquifer: Measure-
ment of the distribution coefficients K<jSr and K&Cs

and identification of mineral adsorbents. Chapter 14,
pp. 311-329 in Contaminants and Sediments, Vol. I,
(Edited by R.A. Baker). Ann Arbor Science Publishers,
Inc., Ann Arbor, Michigan.

3.31 VERBAL PRESENTATIONS*

3.31.1 Presented Papers

LEE, D.R.** and P.J. BARRY. An evaluation of methods
for measuring the groundwater contribution to Perch
Lake. Int. Symp. on Inland Waters and Lake Restora-
tion, 1980 September 08-12, Portland, Maine, U.S.A.

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

**Presented by
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3.31.2 Lectures or Seminars

KILLEY, R.W.D. and D.R. LEE. Surficial hydrogeology
activities. Hydrogeological Research Review Panel
Meeting, 1980 July 22-23, WNRE.

OPHEL, I.L. Environmental research at CRNL. 27th
Meeting of R & D Program Committee, 1980 August 12,
CRNL.

3.31.3 Local Talks

(A) 22nd Annual Radiation Protection Course, 1980
September 29-October 03, CRNL

JUDD, J.M. Tour of Perch Lake.

LAHAIE, G. Environmental radioactivity.

OPHEL, I.L. Environment and man.

(B) Other

CHAMP, D.R. Nuclear Energy and the Environment. Presen-
tation and discussion with delegates at Int. Symp. on
Forest Tree Seed Storage, 1980 September 25, Petawawa
National Forestry Institute, Chalk River.

CHARLESWORTH, D.H., D. HOWDEN, R.W.D. KILLEY, W.F.
MERRITT, I.L. OPHEL and A.M. MARKO. Radionuclide
migration from Waste Management Areas. Visit of five
Atomic Energy Control Board staff members, 1980 July 21,
CRNL.

COOPER, E.L. Environmental research. Visit of D.A.
Whiteman and V. Ward, MONITEQ Ltd., Concord, Ontario,
1980 September 24, CRNL.

MERRITT, W F. and I.L. OPHEL. Environmental research
and tour of Glass Block burial site. Visit of S.
Meyers and A. Perge, U.S. Dept. of Energy, Washington,
D.C., 1980 September 16, CRNL.

3.32 INVITED SPEAKERS*

HILL, H., Ministry of Agriculture, Fisheries and Food,
Fisheries Laboratory, Lowestoft, Suffolk, U.K. - "U.K.
Approach to Disposal of High Level Radioactive Waste
in the Oceans", 1980 July 11, CRNL.

*Papers in this section are generally not available in
print.
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3.32 INVITED SPEAKERS (cont'd)

VASCOTTO, G., Ontario Hydro, Research Division, Toronto -
"Biological Research at Ontario Hydro", 1980 September
16, CRNL.

WIRTH, E.K., Gesellschaft fur Strahlen und Umweltforschung,
Neuherberg, Federal Republic of Germany - "Some Radio-
ecology Results of the German PSE Project", 1980
September 10, CRNL.
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4. RADIATION BIOLOGY BRANCH

by

D.K. Myers

4.1 Staff

4.2 Aims of the Branch

4.3 Detection of y-Radiation Damage and its Repair in Purified
Human Lymphocytes

4.4 Detection of Neutron-Radiation Damage in Human Peripheral
White Blood Cells

4.5 Detection of DNA Damage in Human Blood Cells and Cells from
Mouse Organs Following Exposure to Carcinogenic Metal Ions and
Ionizing Radiation

4.6 Preparation of Plasmid DNA from Bacterial Cells

4 7 Analysis of Polypyrimidine Segments in Cloned Mouse DNA
Fragments

4.8 A Comparison between Cell Killing and Genetic Damage in
Irradiated Yeast

4.9 Radiation Induced Lethality and Gene Conversion in Saccharoroyces
cerevisiae Relative Effectiveness of the Primary Aqueous Radicals

4.10 Induction and Repair of DNA Interstrand Cross-Links, in Human
Cells, by Alkaline Elution and by Isopycnic Sedimentation

4.11 Analysis of DNA Interstrand Cross-Links by Hydroxylapatite
Chromatography

4.12 Use of High Pressure Liquid Chromatography (HPLC) to Analyze
Repair of UV-Induced Pyrimidine Dimers in Human Cell DNA

4.13 UV Sensitivity in the y-Ray Sensitive Human Disorder Tuberous
Sclerosis

4.14 The Repair Deficiency in Gamma-Irradiated Ataxia Telangiectasia
(AT) Cells is not Subject to Oxygen Enhancement
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4.15 Inhibition of DNA Synthesis in AT Cells is a Function of Excision
Repair Capacity

4.16 Induction of Genetic Changes in Yeast

4.17 Low Dose - Low Dose Rate Genetic Effects of Ionizing Radiation
in Yeast

4.18 An Assay for the Detection of Mitotic Recombination in Mice

4.19 Formation of 5-Hydroxymethylcytosine-Containtng Dimers in UV-
Irradiated Bacteriophage T4 DNA

4.20 Human Dominant Mutation Frequencies

4.21 Cancer Induction in Rats

4.22 Assessment of Radiation Hazards to Human Populations

4.23 Publications

4.24 Verbal Presentations
5.24.1 Presented Paper
5.24.2 Lectures or Seminars
5.24.3 Local Talks

4.25 Invited Speakers
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4.1 STAFF

Branch Head - D.K. Myers

Biochemistry of DNA and RNA
H.C. Birnboim
K.V. Deugau1
R.S. McWilliams2
J.R. McLean3

Radiation Damage in Cell Walls
~~ and Membrane

R.E.J. Mitchel

Enzymatic Repair of Radiation
Damage to DNA
N.E. Gentner
B. Rozga4

DNA Repair in Cultivated Human Cells
M.C. Paterson
N.T. Bech-Hansen5
P.J. Smith5,n
I.G. Walker

DNA Replication and Repair in Fungi
P. Unrau
D.P. Morrison

Bacteriophage 74 Genetics
J.D. Chi Ids

Radiation-Induced Tumors
~~~ D.K. Myers

N.J. Gragtmans7

Secretary
~^Cl. Walters9

Animal House Supervisor
M.A. Jones

Laboratory Attendant
B.A. Ruhnke

Assistants J.J. Jevcak
A.G. Knight

Assistant K.M. Baird

Assistant M.M. Werner

Assistants

Assistants

Assistant

Assistants

D.A. Devlin5
P.A. Knight
B.M. Sell
B.P. Smith

M.C. Wolfgram
E. Sectuine

R. Pilon

L.D. Johnson
J.F. McGregor8

1Postdoctorate Fellow (Natural Sciences and Engineering Research Council).
1980 May 05.

Attached Staff, Department of Biology, University of Ottawa, 1980 May 15.
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3Attached Staff, Health Protection Branch, Radiation Protection Bureau,
Health and Welfare Canada, 1980 July 03.

^Attached Staff, University of Lodz, Poland, 1980 February Q2.
5Attached Staff under contract with the U.S. National Cancer Institute
Contract No. NO! 81002 (REP No. NCI-CP-FS-81002-65) 1980 April 08.
Commenced employment 1980 September 01.
'Attached Staff, on TemDorary Contract from 1980 Seotember 08.
deceased 1980 July 27.
terminated employment 198Q August 29.

10Attached Staff, University of Western Ontario, 1980 June 02.
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4.2 AIMS OF THE BRANCH

Research in the Radiation 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 initial radiation-induced changes in the
living cell are translated into significant biological effects.
The most critical target for damage by radiation or radiomi-
metic 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.

4.3 DETECTION OF Y-RADIATION DAMAGE AND ITS REPArR IN PURIFIED
HUMAN LYMPHOCYTES - H.C. Birnboim, R.S. McWilliams, J.J. Jevcak
and A.G. Knight

A fluorometric method for detecting DNA strand breaks
described in a previous report, CPR-HS-4, §5.3) has been used
to measure DNA damage in purified human lymphocytes. These
are cells which exist in peripheral blood and are involved in
the immune response. Cells were isolated from the blood of
volunteer donors and maintained in tissue culture using standard
techniques. These were irradiated in tissue culture medium at
0°C with a 60Co source, then incubated at 37°C for different
periods of time to see if repair of DNA strand breaks would
occur. Immediately following an initial dose of 1 Gy(100 rad), strand
breaks were readily detectable. By 10 minutes of incubation,
over one-half of the breaks were repaired. By 80 minutes, over
80% of the breaks were repaired. Lymphocytes from several
different donors gave similar results. Distinguishing whether
repair is complete or near-complete by 80 minutes remains to
be determined by repeated experiments. Since lymphocytes can
be stimulated to divide in culture, it will also be of interest
to see if this process will have an effect upon the repair
capacity of these cells.
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4.4 DETECTION OF NEUTRON-RADIATION DAMAGE IN HUMAN PERIPHERAL
WHITE BLOOD CELLS - R.S. McWilliams, J.J. Jevcak, W.G. Cross*
and H.C. Bimboim

The effects of neutrons upon human cells is of great interest
not only to the nuclear industry but also to therapists who
use this form of radiation in the treatment of human cancer.
Much less is known about early effects on cell constituents
(such as DNA damage and its repair) than about later effects
(such as cell killing). We are employing a fluorometric method
developed earlier (PR-HS-4, §5.3) to measure DNA strand breaks
and their subsequent intracellular fate following neutron
radiation of human peripheral white blood cells. The neutrons
used are monoenergetic 14.5 MeV neutrons from the (d,T) reaction.
The dose rate is rather low so samples are positioned very
close to the target and irradiated for 30 minutes to deliver
about 2 Gy (200 rad).

Two observations about the results to date can be reported.
One is that, compared to y-irradiation, the number of strand
breaks observed shows considerably greater experimental variation.
The second is that, again compared to y-irradiation, the yield
of strand breaks per Gy (100 rad) is much lower- only 20 to 40%.
observation stands in contrast to other biological effects of
neutrons, such as cell killing, in which the R.B.E. for neutrons
is appreciably higher than for y-rays. Resolution of this
apparent discrepancy may provide some clue as to differences
in the biological effects of these two forms of radiation.

4.5 DETECTION OF DNA DAMAGE IN HUMAN BLOOD CELLS AND CELLS FROM
MOUSE ORGANS FOLLOWING EXPOSURE TO CARCINOGENIC METAL IONS
AND IONIZING RADIATION - J.R. McLean and H.C. Birnboim

One advantage of the f1uorometric method for detecting
DNA strand breaks described previously (PR-hS-4, §5.3) is that
it permits cells to be examined directly for DNA damage without
the requirement for cell culture. It should therefore be possible
to assess damage to non-dividing as well as dividing cells
following exposure to noxious agents. A prerequisite for damage
analysis is that cells can be (1) quickly prepared and (2) well
suspended. We have now shown that cell suspensions which meet
these criteria can be prepared from the following mouse organs:
spleen, thymusfc lymph nodes and bone marrow. DNA damage following
2 Gy(200 rad) °°Co y-irradiation of whole animals was readily
detectable in these organs.

* Health Physics Branch
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Since DNA strand breaks can result from the action of a
variety of chemical agents also, our fluorometric procedure
could be useful in screening for DNA damaging agents. To test
this hypothesis, a number of metal ions were examined for their
effects upon human white blood cells in vitro. It was found
that DNA strand breaks could be induced by exposure to cobalt (II),
chromium (VI), tin (II) and cadmium (II), It is of interest
that most of these metal ions have previously been found to be
carcinogenic.

4.6 PREPARATION OF PLASMID DNA FROM BACTERIAL CELLS - H.C. Birnboim,
R.G. Chipperfield and A.G. Knight

We have earlier described an analytical method, useful in
recombinant DNA technology, for rapidly purifying large numbers
of plasmid DNAs (Birnboim and Doly, Nucleic Acids Research ]_,
1513, 1979). Since large amounts of highly purified plasmid DNA
are often required for gene manipulation work, we have now
attempted to adapt our earlier method for use as a preparative
procedure. Two problems were encountered. One was the presence
of an undefined contaminant which inhibited the action of restriction
endonuclease Hind III on the plasmid DNA. Me have shown that this
contaminant can be remov J by column chromatography. A second
problem was the presence of small amounts of residual chromosomal
DNA. Chromatographic conditions for removal of this contaminant
are being investigated.

4.7 ANALYSIS OF POLYPYRIMIDINE SEGMENTS IN CLONED MOUSE DNA FRAGMENTS -
K.V. Deugau, A.G. Knight and H.C. Birnboim

Several cloned fragments of mouse DNA containing long
pyrimidine tracts have previously been identified and analysis
of the nucleotide sequence of these tracts has begun. Since a
standard method for determining nucleotide sequence (Maxam and
Gilbert) encounters difficulties with DNA fragments composed of
only C and T residues, we are developing an alternative sequencing
procedure. A partial sequence of the long pyrimidine tract from
one clone (pC15) has been established. Further progress in the
newly developed sequencing procedure will require further purifi-
cation of the exonuclease from snake venom and this purification
is in progress.

4.8 A COMPARISON BETWEEN CELL KILLING AND GENETIC DAMAGE IN IRRADIATED
YEAST - R.E.J. Mitchel, D.P. Morrison, K.M. Baird, J. Tugwood and
E. Seguin

A comparison has been made between cell killing and genetic
damage induced by ionizing radiation-generated hydroxyl radicals
in the presence of oxygen" When cell survival was monitored,



oxygen was found to increase cell lethality by reaction with
two distinct classes of hydroxyl radical damage. When the
cells were examined for DNA damage,however, only one class
of hydroxyl radical damage was found to be modifiable by 02,
and this class appears to correlate with one of the classes
found for survival.

On the assumption that the common class of damage is
DNA-related, the other class with respect to survival could
be elsewhere in the cell. One possibility, that the second
class is related to extracellularly produced radicals which
disrupt the cell's integrity from without, has been investigated.
Using an OH- scavenger which can permeate the cell in monomeric
form but is excluded in polymeric form, we have shown that OH-
radicals outside the cell do not contribute detectably to either
gene conversion or cell killing. It appears therefore that the
second class of OH* damage is internal to the cell.

4. 9 RADIATION INDUCED LETHALITY AND GENE CONVERSION IN SACCHAROMYCES
CEREVISIAE RELATIVE EFFECTIVENESS OF THE PRIMARY AQUEOUS
RADICALS - R.E.J. Mitchel, D,P. Morrison, K.M. Baird and
E. Seguin

Earlier results suggested that lethality but not genetic
damage was enhanced when stationary phase cells were irradiated
in the presence of N2O, as compared to N?, but log phase cells
showed no change in sensitivity. It was suggested that some of
the DNA damage inserted by aqueous electrons in stationary phase
cells may not be expressed as cell killing. An alternative, albeit
trivial, explanation may be the inability of N2O to effectively
compete for aqueous electrons in the cell if the level of natural
radical scavengers was much higher in log phase cells. This
alternate hypothesis was tested by measuring the effective
hydroxyl radical scavenging ability of log versus stationary
cells. By competition with known concentrations of added
radical scavenger, it was shown that the scavenging ability of
log and stationary phase cells is essentially identical. It
seems more likely therefore that there is a real cell cycle
difference in the lethality of aqueous electrons.

4.10 INDUCTION AND REPAIR OF DNA INTERSTRAND CROSS-LINKS, IN HUMAN
CELLS, BY ALKALINE ELUTION AND BY ISOPYCNIC SEDIMENTATION -
N.E. Gentner, M.M. Werner and B.P. Smith

DNA interstrand cross-links, such as are formed by the
carcinogen mitomycin C, represent a class of DNA damage whose
repair is deemed to require recombfnational processes. It may
therefore provide insight on the role of recombinational repair
in normal cells and serve as an assay for possible deftciency
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of this repair mechanism in cells from individuals suffering
from genetic diseases manifesting cellular radiosensitivity
and/or predisposition to neoplastic transformation.

Results from the alkaline elution technique indicate
that repair of such lesions induced by mitomycin C may be 1 -
2 orders of magnitude slower than for single-strand breaks
induced by ionizing radiation, for exposures of each damaging
agent that cause equivalent inactivation. We currently employ
a dual-label alkaline elution technique wherein each sample
contains an internal ^4C reference with a given amount of
Y-induced damage; this allows correction of mitomycin C-treated
damage in ^H-DNA to a constant reference level. However, although
sensitive, the alkaline elution results are sufficiently
variable, even within an experiment, to seriously detract from
their value in comparing the response of different cell lines.

We are therefore developing another assay for cross-link
damage to DNA. This utilizes the difference in buoyant density
between single-stranded and double-stranded DNA, and the fact
that cross-linked DNA should reanneal rapidly. DNA samples are
sheared, heat-denatured, and subjected to isopycnic sedimentation
in CsCl gradients. DNA pieces wherein the two strands are held
by cross-links should rapidly reanneal and appear as double
stranded molecules, while the bulk of the DNA remains denatured
and sediments at the heavier buoyant density characteristic of
single strands.

4.11 ANALYSIS CF DNA INTERSTRAND CROSS-LINKS BY HYDROXYLAPATITE
CHROMATOGRAPHY - N.E. Gentner and S. MacFarlane

Further approaches to the measurement of DNA interstrand
cross-links induced by mitomycin C are pursued in this study.
The initial approach, wherein the effect of cross-links in
preventing strand separation caused a shift in the apparent
rate of induction of single-strand breaks on graded y-exposure,
has been abandoned as insufficiently sensitive.

An alternate method is under investigation, using the
principle that cross-ltnked and denatured DNA strands should
rapidly reanneal on cooling to double-stranded material whereas
non-cross-1inked material will remain as single strands
(described in § 5.10 above). The differentiation here, however,
between single-stranded and double-stranded DNA after shearing
is obtained by chromatography on hydroxylapattte: single-stranded
DNA does not bind, while double-stranded DNA binds and thts is
specifically eluted after denaturation by a supra-Tm heat gradient.
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Optimal conditions for renaturation of cross-linked material,
with minimal renaturation of normal strands, are being determined.

4.12 USE OF HIGH PRESSURE LIQUID CHROMATOGRAPHY (HPLC) TO ANALYZE
REPAIR OF UV-INDUCED PYRIMIDINE DIMERS IN HUMAN CELL DNA -
N.E. Gentner, B. Rozga, B.P. Smith and M.C. Paterson

The fate of labelled TT and CT dimers induced by 254 nm
UV-irradiation of 3H-thymidine-labened human cell DNA has been
followed by HPLC. This technique, unlike the UV-endonuclease
assay or other separation systems, allows determination of the
fate of the different types of dimers. Cell lines examined are
normal, xeroderm pigmentosum (XP) variant, and three different
classical XP complementation groups. Two striking features
have emerged: (1) The rate of repair of the two types of dimers
is markedly different, ft dimers are repaired more rapidly than
Ct dimers (30% removal in 24h for TT vs. no removal for CT) in
normal cells. XP lines show no apparent removal of dimers (even
of ft) from acid-precipitable material on 24h incubation, while
XP variant cells behave like normal cells. These studies are
being extended to longer incubation (repair) times, and labelled
cytidine is being employed as precursor to confirm these results
and possibly extend them to CC dimers. (2) The apparent rate
of repair, even in normal cells, is notably slower as determined
by HPLC than reported by the in vitro UV-endonuclease assay or
by other systems. One possible" explanation is that dimers are
initially removed as part of relatively short DNA strands (<106
daltons) which are still collected by acid precipitation but
which would tend to be relatively "invisible" in the shifts of
Mn required to register as enzymatic breaks in the UV-endo-
nuclease assay.

4.13 UV SENSITIVITY IN THE y-RAY SENSITIVE HUMAN DISORDER TUBEROUS
SCLEROSIS - N.T. Bech-Hansen, B.M. Sell and M.C. Paterson

Tuberous sclerosis (TS) is an autosomal dominant disorder
in man which is characterized by skin and nervous features such
as adenoma sebaceum, epilepsy and mental retardation as well as
tumors of the brain, lung, heart an** kidney. We have previously
described jm vitro y-ray sensitivity to be a frequent feature of
fibroblast cultures from individuals with TS. Cells from one
additional individual has been assayed and found to be y-ray
sensitive. We have extended our study of TS cells to assess
the sensitivity of two y-ray sensitive cell lines to 253 nm UV
light:
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?Q - the fluence (J.«m~2) required to reduce survival to 37% in the
exponential region.

F-JQ - the fluence (J-m"^) which reduces survival to 10%.

* - indicates that the value is significantly (P < 0.05) lower
than the normal value.

The sensitivity to both UV light and y-rays in these two
cell lines is a striking feature which distinguishes them from
most of the other disorders which we have studied. Biochemical
studies to understand the molecular basis of the sensitivities are
in progress.

4.14 THE REPAIR DEFICIENCY IN GAMMA-IRRADIATED ATAXIA TELANGIECTASIA (AT)
CELLS IS NOT SUBJECT TO OXYGEN ENHANCEMENT - P.J. Smith, D.A. Devlin
and M.C. Paterson

Although gamma-ray induced repair synthesis has been measured
previously in AT cells the effects of oxygenation conditions
during irradiation have not been investigated. We have used the
autoradiographic method for the detection of unscheduled DNA
synthesis (USD; i.e. repair synthesis) in gamma-irradiated
fibroblasts to study the oxygen enhancement of repair in both an
excision repair proficient (exr+; AT4BI) and an excision repair
deficient (exr"; AT2BE) AT strain.

In exr+ AT, exr~ AT, and normal control strains, the majority
of gamma-ray induced (500 Gy or 50 krad) UDS was expressed
by 4 h following irradiation. Oxia elevated UDS levels in all
strains with mean oxyoen enhancement ratios of 1.6 + 0.2 (three
normal strains), 1.7 + Q.2 (AT4BI) and 2.6 + 0.2 (AT?BE). The
significantly higher Tp < 0.01) oxygen enhancement ratio for AT2BE,
compared with other strains, is indicative of the proportionately
greater repair deficiency under hypoxic compared to oxic conditions.
However, it can be calculated that the absolute repair deficiency
in AT2BE relative to normal cells is the same under oxfc (7.5 +_0.7
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grains/nucleus) irradiation conditions. This finding is con-
sistent with our previous reports that certain AT strains are
defective in the repair of DNA base damage since the frequency
of this class of lesions, unlike DNA strand breaks, is not
greatly affected by oxygenation conditions during gamma-
irradiation.

4.15 INHIBITION OF DNA SYNTHESIS IN AT CELLS IS A FUNCTION OF EXCISION
REPAIR CAPACITY - P.J. Smith, D.A. Devlin and M.C. Paterson

We have examined the possibility that the inhibitory action
of uNA damage on de noyo DNA synthesis may be a critical molecular
anomaly in AT celTs". The inhibition of DNA synthesis was measured
in AT strains characterized (see above) as either exr+ (AT4BI) or
exr" (AT2BE) on the basis of gamma-ray induced UDS. The study also
investigated the correlation between cellular sensitivity and the
extent to which DMA synthesis i: inhibited, by using agents to
which AT cells show enhanced cell killing (i.e. gamma-rays, bleomycin
and 4N00). Inhibition of DNA synthesis was determined by the uptake,
relative to untreated controls, of radioactive thymidine into
cellular DNA for lh after treatment.

We have observed that repair deficiency confers resistance
to the inhibitory effects of gamma-rays on de novo DNA synthesis.
Resistance to inhibition was expressed in tTie initial steep component
of the biphasic dose response curve. This is interpreted as
resistance to the radiogenic inhibition of replicon initiation.

The radioraimetic drug bleomycin also yields a biphasic
inhibition curve for DNA synthesis in normal and AT cells, with
exr~ cells again showing resistance with respect to the initial
steep component. Resistance to inhibition is damage specific since
a primarily UV-mimetic agent (4NQ0) yields normal levels of
inhibition to exr" AT cells.

We suggest that two principles are in operation. Firstly,
the inhibitory action of ionizing radiation on replicon initiation
in normal cells is due to a combination action of radiogenic DNA
strand breaks and enzymatic DNA incisions (or modifications to
chromatin structure) which arise during the normal course of
excision repair of base damage. Secondly, AT cells have a reduced
capacity to repair base damage and therefore display reduced
radiogenic inhibition of replicon initiation.

Although this study provides no evidence of a direct cor-
relation between cellular sensitivity and inhibition of DNA
synthesis in AT cells, the lack of inhibition of template activity
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of damaged DNA may in part be responsible for the gamma-ray
sensitivity of some AT strains. Our observations also explain
why some AT cells suffer less X-ray induced mitotic delay than
normal cells (D. Scott, Manchester, U.K.; personal communication)
since excision repair may also normally act to delay cell-cycle
progression. Finally, a putative defect in chromatin and repair
associated functions which control cell-cycle progression may be
etiologically involved in aberrant embryonic differentiation
and predisposition to lymphoreticular neoDlasia which characterize
AT.

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

We reported previously that sulfite yields high numbers
of gene convertants when the pH is reduced to 3, suggesting that
the activity was related to the unionized form H2SO3. Since
pH 4.5 is above the pka of HNO2 we wondered if higher yields and
more stable results could be obtained by reducing the pH at which
the cells were exposed to this reagent.

We found that reducing the pH to 3 increased the yield by
about 50 times. This suggests that the mode of action of HNO2
and H2SO3 is similar.

4.17 LOW DOSE - LOW DOSE RATE GENETIC EFFECTS OF IONIZING RADIATION IN
YEAST - P. Unrau, D.P. Morrison and M.C. Wolfgram

The spontaneous genetic event scored as gene conversion
(trp~ cells convert to Jtrp_+) reflects the transfer of genetic
information from one chromosome to its homologue (.two copies of
each chromosome (homologues) are present in diploids, one donated
by each parental strain). Because D7.6, our rad 6 homozygous
diploid, has an -10-fold increase in spontaneous conversion, we
argue that its homologues interact genetically at an enhanced
level relative to the wild-type and this increased interaction
reflects absence of the RAD 6 function. The mating-type genes
in yeast, a_ and a., are alleles of the MAT gene and both £ and a_
are required to form a diploid. From a a/a. diploid a/a and a/a
diploids can be derived by mitotic crossing-over. We tested th~e
hypothesis that a/a. balance determine the level of chromosome
interaction during mitotic growth by isolating a/a. and a/a
derivatives of D7.6 and measuring spontaneous conversion Trequencies
in them. A three-fold decrease in trp_+ yield, relative to the
a/a. D7.6 progenitor was established. To show that a/<* balance
was involved, we crossed our a/a and a/a. strains to produce an
a/l / a/a tetrapolid in which tFe MAT gene balance was restored.
This tetraploid strain showed a 1.4-fold increase in spontaneous
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trp+ convertants over the original di.ploid which also had the
normal a/a^ balance. We have thus shown that the generation of
spontaneous convertants depends on the mating-type system. The
greatly enhanced rates in D7.6 suggest that one of the RAD 6
functions is to resolve spontaneous DNA lesions (which may result
from replication defects) in such a way that homologues do not
usually interact genetically.

Preliminary y-irradiation experiments with the parental and
these three derivative strains show that trp+ yields are lower
par Gy in the ai/â  and a/a derivatives and higher in the a/a_ / a/<x
tetrapolid than in the original strain. No induced mutation was
observed in any of the strains, indicating that the RAD 6 process
may decrease induced conversion at the cost of enhanced mutation.
These observations support the conclusions reached in the study
of spontaneous gene conversion in D7.6 strains.

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

A further 124 irradiated hybrid offspring have been examined
for the presence of "twin spots", coat colour patches which would
indicote that a mitotic crossing-over event had been induced during
embryogenesis. This brings the total number of treated animals
screened to 134. No spots have been observed.

4.19 FORMATION OF 5-HYDR0XYMETHYLCYT0SINE-C0NTAINING DIMERS IN UV-IRRADIATED
BAGTERIOPHAGE T4 DNA - J.D. Chi Ids and R. Pi Ion

We have previously shown, contrary to published reports,'
that the unusual pyrimidine, glucosylated 5-hydroxymethylcytosine
(5HMC), can form dimers with thymine in UV-irradiated DNA. 5HMC
is found in bacteriophage T4 DNA in place of cytosine, which is a
constituent of the DNA of most organisms. When cytosine-containing
dimers are isolated for UV irradiated DNA, cytosine deaminates to
form iracii. We anticipate that 5HMC would also deaminate in
a dimer, during sample preparation, to form 5-hydroxymethyuracil
(5HMU). To examine this possibility we have isolated dimers
derived from 5HMC and thymine from UV-irradiated T4 DNA. We
intend to split these dimers by re-irradiating with 230 nm UV light,
and the products, which we anticipate will be thymine and 5HMU,
will be examined by paper chromatography. Using two different
solvent systems it should be possible to determine unambiguously
whether the dimers contain 5HMC or 5HMU.
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4.20 HUMAN DOMINANT MUTATION FREQUENCIES - J.D. Childs

During a recent survey of human dominant mutation rates,
I found that several of these had been calculated incorrectly.
Since information on human dominant mutation rates is particularly
important for the estimation of the genetic risk to man from
ionizing radiation, it seemed worthwhile to recalculate these
rates.

The reasons for recalculating the mutation rates for
Huntington disease, myotonic dystrophy, deaf mutism and adult
deafness are as follows. Both Huntington disease and myotonic
dystrophy have their onset during middle age and affected
individuals die at about 50 years of ape. The frequency of
individuals in the entire population with the mutation for
Huntington disease or myotonic dystrophy is thus much lower than
the birth frequency of these individuals. Mutation rates for
Huntington disease and myotonic dystrophy were based on estimates
of population frequency and not, as they should have been, on
the birth frequency. The mutation rate estimate for deaf mutism
has been calculated as a mutation rate per person per generation
but quoted as a mutation rate per gamete per generation and was
therefore in error by a factor of two. Finally, the mutation
rate for adult deafness was based on a very small non-significant
difference in reproductive fitness between affected individuals
and their unaffected sibs. As reproductive fitness is thus
essentially normal and as the onset and severity of adult
deafness is strongly influenced by environmental factors, no
mutation rate estimate is at present possible.

A paper describing these calculations has been prepared
for publication.

4.21 CANCER INDUCTION IN RATS - L.D. Johnson and D.K. Myers

In preparation for a large experiment to compare the
induction of mammary tumors in Sprague-Dawley female rats from
tritium in the body with exposure to X-rays; we felt it was
necessary to determine the residence time of tritium injected
as HTO fn young, female Sprague-Dawley rats.

In "Tritium-Labelled Molecules in Biology and Medicine"
(L.E. Feinendegen), the value giyen for the half-time is 3.53 +.
0.40 days. This value was determined using adult (298 g) male
rats. Since the exchangeable body water as a percent of body
weight is different for males and females as well as age dependent,
this value is probably not applicable to our experiment.
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We injected 30 female Sprague-Dawley rats (averaae
weight - 76 g) with HTO at a dose rate of 0.1 pCi (3700 Bq)/g weight.
The animals were sacrificed in groups of three at intervals
between 1 hour and twenty days after injection and samples of
blood, liver and kidney were taken. The blood samples were
centrifuged and an aliquot of the plasma was counted in an
"Isocap" liquid scintillation counter using "Aquasol" as the
scintillation cocktail. The liver and kidney were homogenized
in 0.5M HCIO4 in a motor driven mortar and pestle, centrifuged
and an aliquot of the supernatant was counted. Internal
standardization was used in the counting procedure.

We obtained half-time values as follows:
1) Blood - 1.93 days, 2) Liver - 2.10 days, 3) Kidney - 2.13 days.
The growth rate was 7.3 jr/day; the fact that the animals are
growing rapidly during this time will have a small effect on
half-life values.

We plan to use a half-time value of two days in the large
experiment.

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

The September 1980 meeting of the United Nations Scientific
Committee on the Effects of Atomic Radiation was attended and
comments provided on various draft documents, notably those con-
cerned with dose-assessment models, natural sources of radiation,
radon, and dose-response relationships for radiation-induced
cancer.

A paper on relationships between cancer, technology and
energy was prepared for presentation to the Atomic Industrial
Forum.

4.23 PUBLICATIONS

Childs, J.D. - Effect of hoc Protein on the Electrophoretic
Mobility of Intact Bacteriophage T4D Particles in
Polyacrylamide Gel Electrophoresis. Journal of Molecular
Biology, 141_> 163-173 (1980).

Childs, J.D. - Isolation and Genetic Properties of Bacteriophaae
T4 UVSX Mutant. Mutation Research, 71, 1-14 (1980).

Childs, J.D., Ellison, M.H., and Pilon, R. - Dimers of 5-hydroxy-
methycytosine and thymine formed during UV-irradiation
of DNA from Bacteriophage T4. Genetics, 94 Sup. 17-18
(1980) (Abstract). ~~
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Gentner, N.E. - Synerqistic effect of combined UV/y-ray
exposure on mutation induction in rad* Schi zosaccharomyces
pombe. Proc. 8th Int. Cong. Photobio, p. P270 (1980)
(Abstract).

Gentner, N.E. and Unrau, P. - Editors - Proceedings of the 1st
International Conference on Health Effects of Energy
Production. .Published by Atomic Energy of Canada Limited,
Chalk River, AECL-6958, 362 pp (1980).

Gentner, N.E. and Myers, D.K. - Radiation and the Evolution of
Life. Atomic Energy of Canada Limited, Report AECL-7064,
1980 August.

Mitchel, R.E.J., Morrison, D.P. and Unrau, P. - Radiation
Induced Lethality and Gene Conversion in Saccharomyces
cerevisiae. Relative Effectiveness of the Primary
Aqueous Radicals. Rad. Res. 83, p. 484 (1980) (Abstract).

Morrison, D.P., Johnson, L.D., Myers, D.K. and Unrau, P. -
Gene Conversion as an Assay System for Carcinogenic
Agents. Rad. Res. 83, p. 484 (1980) (Abstract).

Myers, D.K., Newcombe, H.B. and Marko, A.M. - Long-term Follow-
up of Radiation Workers in Canada. The Medical Basis
for Radiation Accident Preparedness, (ed. by K.F. Hubner
and S.A. Fry), p. 431-440 (1980).

Newcombe, H.B. - Radioactive Waste, Biological Harm and the
Protection of Man. Proc. 1st Intern. Conf. on Health
Effects of Energy Production, p 295-306, Atomic Energy
of Canada Limited, Report AECL-6958 (1980).

Paterson, M.C. - Environmental and Genetic Interactions in
Human Cancer. Proc. 1st Intern. Conf. on Health Effects
of Energy Production, p. 69-87, Atomic Energy of Canada
Limited, Reoort AECL-6958 (1980).

Smith, P.J. and Paterson, M.C. - Rothmund Thomas Syndrome:
In vitro Radiosensitivity and Defective DNA Repair in
Cultured Skin Fibroblasts. Rad. Res. 83 p. 473, (1980)
(Abstract).

4.24 VERBAL PRESENTATIONS

4.24.1 Presented Papers

Chi Ids, J.D. - Dimers of 5-hydroxymethycytosine and thymine
formed during UV-irradiation of DNA from Bacteriophage
T4. Presented at American Genetical Society Meeting,
Boulder, Colorado, 1980 August 20.



Gentner, N.E. - Synergistic Effect of Combined UV/y-ray Exposure
on Mutation Induction in r§l+ Schizosaccharomyces, pombe.
Presented at the 8th International Congress of Photobiology,
Strasbourg, France, 1980 July 24.

Myers, D.K, - A Perspective on Cancer, Technology, Society and
Energy. Public Affairs Conference of Atomic Industrial
Forum, Chicago, 1980 September 24.

4.24.2 Lectures or Seminars

Bech-Hansen, N.T. - Radiosensitivity and Human Disorders.
Presented at Workshop on Environmental Mutagenesis,
Annual meeting of Genetics Society of Canada, University
of Guelph, 1980 June.

Gentner, N.E. - The Involvement of a Sister Chromatid Exchange
Recombinational Process in Repair and Mutation after
UV or Ionizing Radiation Exposure of Schizosaccharomyces
pombe. Presented at Institute Curie, Department du
Biologie, Universitaire du Paris-Sud, Orsay, 1980 July 17.

Gentner, N.E. - Effect of Drugs that Inhibit the Repair of DNA
Damage Induced by Radiation or Chemicals. Presented
at Ciba-Geigy Limited Research Laboratories, Basel,
Switzerland, 1980 July 29.

4.24.3 Local Talks

Chi Ids, J.D. - Mutagenesis and Carcinogenesis. Presented at the
22nd Annual Radiation Protection Course, CRNL, 1980
September 30.

Gentner, N.E. and Martel, P.* - Report on the 8th International
Congress on Photobiology. CRNL, 1980 August 08.

Mitchel, R.E.J. - Biological Effects of Radiation. Presented
at the 22nd Annual Radiation Protection Course, CRNL,
1980 September 30.

Myers, D.K. - Underlying Research in Radiation Biology and
Biomedical Research Branches. R & D Program Committee,
CRNL, 1980 August 12.

* Neutron & Solid State Physics Branch
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4.25 INVITED SPEAKERS

Dr. A.M. Rauth, Ontario Cancer Institute, Princess Margaret
Hospital, Toronto, Ontario - "Studies of the Hypoxic
Cell Radiosensitizer Misonidazole", 1980 July 22.

Dr. H. Singh, Medical Biophysics Branch, Health and Safety
Division, WNRE, Pinawa, Manitoba - "Effect of Reactive
Intermediates on the Components of Protein Synthetic
Machinery", 1980 August 13.

Ian G. Walker, Department of Biochemistry, University of
Western Ontario, London, Ontario - "The Size of the
Patch Formed in the DNA of Mammalian Cells During
Excision Repair", 1980 July 10.

Dr. James E. Cleaver, Laboratory of Radiobiology, University
of California at San Francisco - "DNA Replication
in Xeroderma Pigmentosum", 1980 October 17.

Dr. E.A. Clough, British Nuclear Fuels Limited, England -
"Informal Discussion of Follow-up of Radiation Workers
at BNFL", 1980 October 17.
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5.1 STAFF

Branch Head

Secretary L.A. Kaden

Professional J.R. Johnson
G.H. Kramer

Technical D.F. Autayo
I.M. Christie
S.E. Gardner
A. Hesketh

Clerical M. Gresham (Part-time)

5.2 BIOASSAY LABORATORY

5.2.1 Tritium Dose File Management

The tritium dose f i e management program has been modified
to accommodate a longer and more unique "key". This key, which
ioentifies an individual's record in the indexed sequential file
system, has been extended to include the individual's name. It
previously contained only his badge and branch number. Unique
records of terminated employees can now be stored automatically
in the computer without duplication. This feature will allow
easy access to data on terminated employees for possible future
requirements.

5.2.2 Notes to Tables 5.2.2.1 - 5.2.2.3

1) The term "positive" indicates samples that contained a
significant amount of a particular radioactive isotope. An
individual positive at a particular time is removed from
exposurt to radioactive materials until subsequent analyses
show exr jtion has fallen to negligible levels.

2) This analysis measures total radioactive alkaline earth and
lanthanide radioisotopes.

3) It is assumed that tritium is in the oxide form.

4) Iodine analyses include 1-125 and all the iodine radionuclides
in fission products. A direct measurement of activity in the
thyroid is usually the criterion for removal of an individual
from work involving radioactive materials when exposure to
radioiodine has occurred. Bioassay tests for iodine are used
mainly to determine whether or not the radioiodine content of
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the thyroid should be measured directly; occasionally they are
used as a criterion for removal from work with radioactive
materials, when a direct thyroid measurement is not feasible.

5) Gamma-ray spectroscopy of raw bioassay samples for gam"" _,<..• tting
fission and activation products.

6) a-emitting actinide analyses include plutonium, thorium5
americium, curium, as well as actinium.

7) Miscellaneous analyses included ^ C , 36C1 and 63Ni.

8) Total number of cases in a particular period showing a clearly
measurable, abnormal amount of radioactivity in the urine.

5.3 IN VIVO MONITORING

The method recommended by the supplier of making "foam" lungs
for the new chest phantom containing radioactive materials has not
proved successful with the quantities of carrier used. Smaller
quantities of carrier will be tried when personnel become available
to work in this area.

Preliminary measurements with the phoswich detectors on freshly
separated natural uranium and thorium have been performed. A u-+
noteworthy finding was that most of the K x-ray emissions from T h
in equilibrium was from 22"Ra (3.6 days halflife) and its daughters,
and not from 228Ra + 228Ac (6.7 year halflife). This result allows
in-vivo measurement of even freshly separated Natjn fuels with good
sensitivity using the phoswich detectors.

5.4 RADIOCHEMICAL ANALYSIS

5.4.1 Actinide Separation

A method for coprecipitating actinides as an alternative method to
electroplating for source preparation has been investigated. It has
proved to be more reliable for spiked, distilled water samples.
Unfortunately, the method has not proved reliable for spiked urine,
and work on this procedure is continuing.

5.4.2 35S and 32P

The method described previously (PR-HS-4) has been modified to
improve recovery and decrease cross-contamination. Bismuth phosphate
now is precipitated from hot solution at pH 1.0. Barium sulphate is
precipitated from hot solution at pH 2-3. Solutions are allowed to
cool to room temperature (overnight) before decanting and isolating
the precipitate. Sample counting is then done by gel suspension of
the precipitates. A report on this procedure is being prepared.



Table 5.2.2.1

Bioassay Analyses

PERSONNEL OF CHALK RIVER NUCLEAR LABORATORIES

1980

8-emitters (2)

Tritium (3)

Iodine (4)

Y-enritters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases

(8}

JUNE

TOTAL

174
155

453
270

15
15

168
152

22
14

5
4

2
2

839
3

Posi t ive (1)

Number

0
0

0
0

0

0
0

0
0

0
0

0
0

0
0

%

0
0

0
0

0

0
0

0
0

0
0

0
0

0

JULY

TOTAL

197
155

239
158

25
17

209
156

22
12

16
9

0
0

708
3

Posit ive (1)

Number

0
0

0
0

0

0
0

a
0

0
0

0
0

%

0
0

n
j

0

0

0
0

0
0

0
0

0

AUGUST

TOTAL

267
203

331
216

43
19

260
203

4
4

5
5

1
1

911
6

Posit ive (1)

Number

0
0

0
0

0

0
0

0
0

0
0

0
0

0
0

%

0
0

0
0

0

0
0

0
0

0
0

0
0

0

TOTALS

TOTAL

638
513

1023
644

83
51

637
511

48
30

26
18

3
3

2458
12

Posit ive (1)

Number

0
0

0
0

0

0
0

0
0

0
0

0
0

0
0

%

0
0

0
0

0

0
0

0
0

0
0

0
0

0

OO

o

For explanation of notes see p. 78-79.



Table 5.2.2.2

Bioassay Analyses

PERSONNEL OF COMMERCIAL PRODUCTS

1980

B-emitters (2)

Tritium (3)

Iodine (4)

Y-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

JUNE

TOTAL

6
6

0
0

10
7

13
11

1
1

0
0

2
2

32
4

Positive (1)

Number

0
0

0

0
0

0
0

0
0

0
0

%

O
O

 
1

1 
O

O
 

O
O

 
O

 
1

1 
O

O

0

JULY

TOTAL

3
2

0
0

1
1

11
7

0
0

0
0

9
3

24
2

Positive (1)

Number

0
0

0

0
0

0
0

0
0

%

0
0

0

0
0

0
0

0

AUGUST

TOTAL

9
9

0
0

6
6

10
10

0
0

0
0

4
4

29
1

Positive (1)

Number

0
0

0

0
0

0
0

0
0

%

0
0

0

0
0

0
0

0

TOTALS

TOTAL

18
17

0
0

17
14

34
28

1
1

0
0

15
9

85
7

Positive (1)

Number

0
0

0

0
0

0
0

0
0

0
0

%

0
0

0

0
0

0
0

0
0

0

For explanation of notes see p. 78-79.



Table 5.2.2.3

Bioassay Analyses

PERSONNEL OF OTHER ORGANIZATIONS

1980

B-emitters (2)

Tritium (3)

Iodine (4)

Y-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

JUNE

TOTAL
Positive (1)

Number %

JULY

TOTAL
Positive (ll_

Number

NO

SAMPLES

RECEIVED

IN THIS

QUARTER

%

AUGUST

TOTAL
Positive (1)

Number %

TOTALS

TOTAL
Positive (1)

Number %

00

For explanation of notes see p. 78-79.



Table 5.2.2.4

ENVIRONMENTAL AND PROCESS SAMPLE ANALYSES

1980

AECL

Tritium
a-emitting actinides
3-emitters
Y-emitters

OTHER ORGANIZATIONS

Tritium
a-emitting actinides
B-emitters
Y-emitters
Urani urn

TOTALS

JUNE

499
0
0
0

NO

499

JULY

506
0
0
0

SAMPLES REC

OTHER ORGAI\

506

AUGUST

508
0
0
0

EIVED FROM

IZATIONS

508

TOTALS

1513
0
0
0

1513

I

CO



Table 5.2.2.5

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1980 July 01 - September 30

RIS
NRU
NRX
CHEM OPS
MECH SERV
EIP
WEP
LOOPS
ARD
MISC
TERM

TOTALS

% of Persons

0-49
mrem

34
37
28
21
37
13
0
0
4
9
17

200

69.9

50-99
mrem

10
24
0
9
8
8
0
0
0
0
3

62

21.7

100-199
mrem

4
14
0
3
1
0
0
0
0
0
0

22

7.7

NUMBER

200-299
mrem

0
1
0
1
0
0
0
0
0
0
0

2

.7

OF TESTED

300-399
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

PERSONS IN

400-499
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

GIVEN DOSE RANGES

500-999
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

1-3
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

3-5
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Above
5 rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Tested
Persons

48
76
28
34
46
21
0
0
4
9
20

286

Total
mrem

1675
4834
157
1861
1412
865
0
0
1
20
338

11165

100

NOTES TO TABLE ABOVE

(1) Doses are estimated from tritium concentrations in urine of individuals who have submitted one or more samples,
and so represent tested personnel only.

(2) The method of dose estimation is described in AECL-5507.

(3) The numbers in the last column are those that actually result from the method of dose calculations, and are not
intended to represent a number of significant figures.

00

-c-



Table 5.3.1

IN VIVO MONITORING

1980 June - August

NRX
NRU
Chemical Operations
E.I.& P.
R.A I.S.
Fuels and Materials
Reactor Loops
Nuclear Materials Control
Reactor Control
Reactor Physics
Special Projects
Mechanical Services
O&T Service
Chemistry & Materials
Health Sciences
Physics
Administration
Retirements & Terminations
Environmental Samples

Whole Body Monitoring

Number*

5
7
63
80
13
23
1
1
3
4
3
9
4
5
19
10
13
111
15

No. Positive

7

2
1

1

Lung Monitoring

Number*

6
7
12

1

1

No. Positive

1
1

Other Monitoring

Number*

I

No. Positive

thyroid-neg

Clothing Monitoring

Number*

47
23
2

No. Positive

11
11
1

O3
vn

NOTES:

* Number - Number of people monitored in period
1) Greater than 10 nCif of isotopes emitting gamma rays above 100 keV.
2) Any measurable amount of alpha-emitting isotopes.
3) Any results that indicate a minor or greater contamination ( i . e . > 10 nCit of 1 2 S I , e t c ) .

t 1 Ci = 37 GBq
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5.4.3 90Sr, 90Y, llt7Pn», ^"Ce

The procedure for selectively estimating the above radionuclides
in urine has been completed and a report is being prepared.

5.4.4 63Ni

Further studies on this analysis method have revealed the reason
for the relatively poor recovery of this method (described earlier,
PR-HS-3). It was found that in the final ashing step (preparation
of Ni-dimethylglyoxine for counting) as much as 50% 63Ni could be
lost. This is due to the low boiling point of Ni(N03)2*6 H20
(136.7°C) and the low sublimation temperature of the Ni-dimethylgloxine
complex (250°C). By carefully controlled ashing the final recoveries
of S3Ni have been increased to 98.6 ± 9.5%. A report is being
prepared.

5.5 METABOLIC MODELS AND INTERNAL DOSIMETRY

5.5.1 Federal-Provincial Working Party on Bioaasay and In-Vivo Monitoring
Criteria

The first guideline produced by this working party has been sent
to the printers. It is being printed by the Environmental Health
Directorate of Health and Welfare Canada with number 80-EHD-56. It
is entitled "General Guidelines for Bioassay Programs". Specific
guidelines on tritium, uranium, iodine and carbon are at various
stages of preparation.

5.5.2 Radioiodine Metabolism

The model in AECL-5244 and AECL-5701 describing radioiodine
metabolism has been expanded to include the effects of stable iodine
intakes on radioiodine retention, and to include ages other than adults.
Committed thyroid doses per unit intake have been calculated as a
function of age for the important radioiodines. A paper on this work
is being prepared for publication.

5.5.3 Tellurium - Iodine Decay Chains

It has been standard practise to assume that a radionuclide
produced in vivo by the decay of its parent has the same metabolic
behaviour as the parent. This procedure has been followed because
the mathematical complexity is considerably reduced and, in many
cases, data describing the metabolic behaviour of the in vivo
produced daughter was not available. Also, in many cases the actual
dose received from the daughter is not affected greatly by this



- 87 -

simplifying assumption. A notable exception is the tellurium-
iodine decay chain 132Te ->- 132I -* 132Xe, where 132I is produced
in vivo, and concentrating in the thyroid, is a major contributor
to the total dose. Equations (developed in collaboration with
V. Bar-well) describing the metabolic behaviour of tellurium and
iodine separately have been developed and made an optional
calculational procedure in FORDAU, the program described ••n
AECL-6540 for calculating committed doses. A report on this
work is being prepared.

5.5.4 Dosimetry Factors

New factors relating activity in a source organ to dose in a
target organ have been obtained on magnetic tape from ORNL. These
factors cover 793 radionuclides with 29 source organs and 34 target
organs for each radionuclide for a total of approximately 8 x 10s

factors. These factors will be used to update the dose conversion
factors given in AECL-6540.

5.6 PAPERS, REPORTS, PRESENTATIONS

5.6.1 Presented Papers

Johnson, J.R. - Radioiodine Dosimetry. Invited paper presented at the
International Symposium on Radioiodines, Banff, Alberta, 1980 September
13-16.

Johnson, J.R. and Bond, J.A. - Measurement and Control of Radioiodines
at CRNL. International Symposium on Radioiodines, Banff, Alberta,
1980 September 13-16.

5.6.2 Lectures

Johnson, J.R. - "Metabolism of Radioiodines". 22nd Annual Radiation
Protection Course, CRNL, 1980 September 29 - October 03.

Kramer, 6.H. - "Bioassay Techniques". 22nd Annual Radiation Protection
Course, CRNL, 1980 September 29 - October 03.
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6. MEDICAL BRANCH

by

D.W.S. Evans
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6.2.1 Occupational Accident and Illness
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6.5 MEDICAL EXAMINATIONS

6.6 NON-OCCUPATIONAL ABSENTEEISM

6.7 LABORATORY PROCEDURES

6.7.1 X-Ray Department

6.7.2 Haematology

6.7.3 Urine

6.8 TOTAL HOSPITAL PROCEDURES
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6.1 STAFF

Branch Head

Secretary

Professional

Nurses

Medical Technicians

Lab Attendant

6.2 CLINIC PROCEDURES

D.W. S. Evans

V.A. Schlzkoske

W.J.D, Cooke

A. Kinloch
J. Williams

M. Plattner
J. Shaw

L. Gutzeit

6.2.1 Occupational Accident and Illness

June

AECL
Male

Female

New Visits
Revisits

New Visits
Revisits

Others
Male

Female

New Visits
Revisits

New Visits
Revisits

July

28
22
50

4
3
7

1

43
21
64

2
2
4

—

24

47

1

T

Total

161

11

Grand
Total

6.2.2 Non-Occupational Accident and Illness
174

AECL
Male

Female

Others
Male

Female

New Visits
Revisits

New Visits
Revisits

New Visits
Revisits

New Visits
Revisits

278
214
492

48
38
86

7
3
10

2
4
6

327
249
576

63
34
97

5
5
10

3
5
8

255
226
481

54
40
94

2
_3
5

1549

277

23

19 1868

2042
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6.3 CLINIC VISITS BY WORK CATEGORIES

June July
Staff P.R. Staff P.R.

AECL
Chalk River Env. Auth.

Quality Assurance
Tech. Itifo. & Univ. Rel.
Administration

Finance
Commercial Operations

Operations
General Services
Maintenance & Construction
Plant Design

42 10

22 1

105 254

44 19

27 9

122 279

August
Staff P.R.

54 19

16 —

110 231

Total

188

75

1101

Health Sciences

Chemistry & Materials

Physics

Applied Research & Dev't.

Others
Crawley & McCracken,
Attached Staff, etc.

37 —

14 —

36 —

114
370 265

17

45 —
30 —

45 «
121
434 307

18

43 —
32 —

25 —

92 —
372 250

9

125

76

106

328
1998

44
2042

6.4 BREAKDOWN BY INTERNATIONAL CODE

Infective and parasitic diseases
Neoplasma
Allergic, endocrine system, metabolic and
nutritional diseases

Diseases of the blood and blood-forming organs
Mental, psychoneurotic and personality disorders
Diseases of the nervous system and sense organs
Diseases of the circulatory system
Acute upper respiratory infections
Other respiratory infections
Diseases of the digestive system
Menstrual disorders
Other diseases of the genito-urinary system
Complications of pregnancy
Diseases of the skin and cellular tissue
Diseases of the bones and organs of movement
Congenital malformations
Symptoms and ill-defined conditions
Fractures and dislocations
Sprains and strains
Lacerations, open and puncture wounds

June

2
3

144

—
42
58
71
7
22

12

67
22

96
5
34
15

July

„

3
153

5
42
86
66
3
33

11

75
35

82
12
52
45

August

6
121

1
6
55
55
58
3
28

6

66
17

67
7
41
40

Grand
Total

2
12
418

1
11
139
199
195
13
83

29

208
74

245
24
127
100
1880
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6.4 BREAKDOWN BY INTERNATIONAL CODE (continued)
Grand

June July August Total

Total brought forward 1880

Superficial injuries, contusions, abrasions 67 52 42 161
Foreign body and other eye injury 9 2 3 14
Burns . 2 10 5 17
Effects of poisons, weather and related conditions 2 6 2 10
All other accidents and violence 3 12 27 42
Radioactive contamination with a wound — — — —
Radioactive contamination without a wound — — 1 1

2125

6.5 MEDICAL EXAMINATIONS
Grand

June July August Total Total

AECL
51 12 17

_2 -1 -1
58 15 20 93
21 4 7

_A .1 -1
22 6 9 37

6 6 3

_3 _i -1
9 7 5 21
1 —— ——

_i zz. =z
2 — ~ 2

153

Male

Female

Others
Male

Female

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

6.6 NON-OCCUPATIONAL ABSENTEEISM

June July August
Male Female Male Female Male Female Total

Chalk River Env. Auth.

Quality Assurance
Tech. Info. & Univ. Rel.
Admlnist ration

Finance
Commercial Operations

Operations
General Services
Maint. & Const.
Plant Design

%

5

40

177%

223

%

8%

31%

73%

114

3

7

15%

237

262%

—

15

45%

72%

133

1

2

24%

242%

270

1

30%

56%

54

142

6

68

213%

857

1144%
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6.6 NON-OCCUPATIONAL ABSENTEEISM (continued)

6.7 LABORATORY PROCEDURES

6.7.1 X-Ray Department

AECL
Male

Female

Others
Male

Female

Haematology

AECL
Male

Female

Others
Male

Female -

Routine
Special

Routine
Special

Routine
Special

Routine
Special

Routine
Special

Routine
Special

Routine
Special

Routine
Special

June July August
Male Female Male Female Male Female Total

Health Sciences

Chemistry & Materials

Physics

App. Res. & Dev't.

43%

54%

37

213%

Total

7%

5%

16%

24

brought forward

25%

72%

49

197

33%

7%

26

33

46%

43

37

152%

14%

20%

8

27

1144%

171

203%

173%

647
348% 33% 344 100 279 70 2339%

June

26
26
52

1
—

"T

2

~2

1
—
~1

July

12
25
37

2
3
5

3

~3
—
2
2

August

14
22
36

3
4
7

1

~i

—
__

Total

125

13

6

3

Grand
Total

111
132
243

33
35
68

87
93
180

23
24
47

89
96
185

14
14
28

147

608

143

751
898



6.7.3 Urine

AECL
Male

Female

Others
Male

Routine
Special

Routine
Special

Routine
Special

June Julv August Total

Total brought forward

85
_1
86 273

12
_1
13 64

Grand
Total

898

103
4

107

31
—

79
1
80

19
1
20

Female Routine
Special

6.8 TOTAL HOSPITAL PROCEDURES

Clinic Procedures
Laboratory Procedures
Medical Examinations
Electrocardiograms
Audiometric Tests
Blood Pressures
Respiratory Function Tests

337
1235

652
505
91
6

115
28
23

142C

759
374
28
10
49
35
10

1265

631
356
34
5
68
64
11

1169
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