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I. HEALTH SCIENCES DIVISION SUMMARY

A.M. Marko

Health Physics

The investigation of the characteristics of
electrochemically etched CR39 plastic for the detection of neutrons
and heavy charged particles has continued with measurements of the
response to thermal neutrons when the plastic is in contact with
LiF, Li2B4<)7 and MgB^O, radiators. With the chemical etch
treatment used for CR39 exposed to fast neutrons, the alpha tracks
are strongly over etched but in the case of LiF and Li2

B4°7.
triton tracks are observed. The response exceeds that of CR39
exposed to fast neutrons, nevertheless this technique would have
some utility in estimating doses from thermal neutrons.

Superheated liquid drops trapped in gels show promise of
providing a very sensitive means of detecting fast neutrons.'
Interaction with a heavy recoil particle causes the vaporization of
a superheated liquid drop (Freon-12) which results in the formation
of a visible bubble in the gel which expands to about 1 mm diameter
in 10 minutes. In a gel volume of a few mL about 10 bubbles have
been obtained per mrem of Pu-Be neutrons.

Graphs of the beta spectra of the 99 nuclides and
combined spectra of parent-daughter combinations whose dose
distributions are given in AECL-7617 have been prepared for
publication.

A critical component in the automatic TLD reader is the
thermocouple which by being pressed against the TLD chip controls
the temperature during the heating cycle. Because it is subject to
mechanical damage alternative ways of reaching this objective are
being examined. One involves modifications to the movement of the
heating anvil and the other would estimate temperature from the
emitted infra-red radiation using silicon photo-diodes which have
been calculated to have a sufficient response to temperatures about
200°C.

The investigation of flow modulation techniques to assist
the measurement of HTO in background gamma radiation fields has
continued. This approach could eliminate the need for a sealed
compensating chamber. One limitation is set by the effects of
humidity changes which change the capacitance of the ion chambers.
The technique has possible application where fast response times
are not important, e.g., when concentrations of l(MPC)a or less
are to be measured.

Design and development of components for the wide-range
reactor stack effluent monitor continue. The processor-controller
unit has been specified and ordered from a commercial source and
details of the noble gas, particulate and iodine detectors are
being completed. Filter units for the particulate and iodine
detectors have been designed and manufactured and design of the
automatic sample changers is proceeding.

Tests have shown that by using chopper stabilized
amplifiers and silicon diode detectors it will be possible to
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improve the sensitivity of the high-range beta dose rate meter to
10 mrad/h (0.1 mGy/h) and allow it to be used without major design
changes under normal exposure conditions. With this change the
performance is comparable to that obtainable with pulse-counting
detectors.

By using more sensitive 6M detectors together with
dead-time correction circuits it has been possible to simplify
design of the wide-range beta-gamma survey meter (AEP-5288P). The
modified version (5288-C) has the same dynamic range but operates
with a factor of ten higher sensitivity (maximum range 20 rad/h)
(200 mGy/h) and uses two rather than three detectors and with less
statistical fluctuation at the smaller dose rates.

Transfer of radiation dose records to the National Dose
Registry has commenced with the data for 1981. Tapes of these data
were accepted by the Health and Welfare computer without
difficulty.

Environmental Research

A survey for groundwater discharge/recharge zones has
been made in Research Area 7, at East Bull Lake. A major fault
that could be a significant hydrological feature cuts through the
area. In the ten-day survey, hydraulic gradients were measured
across the beds- of lakes and streams in the fault and samples of
spring, pore, and surface waters were collected for chemical
analysis. Radon and electrical conductivities were also measured
in the field. No direct evidence of discharge or recharge has yet
been found along the fault although in one lake the surface outflow
was ten times the surface inflow; an interpretation is that there
is a substantial groundwater inflow.

Two hydrology contract studies have started during the
summer, both with staff from the University of Waterloo. One is a
continuation of the investigation of the capillary fringe effect.
The other is a study of wind-driven surface currents. In the
latter an innovation was the helium-filled balloon which was used
to carry a radio-controlled camera that recorded the surface
drogues and dye patches released during the experiments on Lower
Bass Lake.

On the basis of the adsorption/desorption measurements of
60Co on East Swamp sediments we are predicting that a large
fraction of the °0 C o currently sorbed on these sediments will
eventually be released to the East Swamp stream. The scope of our
Bpeciation work is being extended to trace metals in the Gloucester
toxic waste site. Complexes with organic and inorganic molecules
are being separated with high performance liquid chromatography
(in collaboration with General Chemistry Branch). Our studies of
the particulate or colloid form in which radionuclides are
transported have also been extended by application of a
proton-induced x-ray emission technique (in collaboration with
Solid State Science Branch), by organic carbon analysis and by
scanning Auger electron microscopy (both in collaboration with
System Materials Branch). The first has indicated the elemental
composition, and sizes of the particles. The other two are being
used in th# search for evidence of the presence of organic
material. /
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Our studies of the movement of contaminants in lakes and
rivers from the water to the sediments has continued along several
lines* The possibility of an effect of filtering and biodeposition
by clams has been increased by the measurement of the filtering
rates attained when the clams have acclimatized to their ambient
conditions; the rates were higher than observed previously. The
sampling of sediments and lake waters to test our ideas as to the
physical-chemical processes that occur in sedimentation has been
extended to eight lakes in the local area. Although direct
exchange with the surficial sediments seems to be a more
significant process than co-sedimentation on particles, the total
cation exchange capacity of the sediments does not seem to be the
controlling parameter.

An attempt to measure the J^u/ °U ratios in
the calcite and iron oxide fractions of fracture infilling
materials was partly successful. The lower ratios observed in the
latter fraction are interpreted to indicate that u has been
lest from the oxide surface by recoil into flowing groundwater.. In
otv.er measurements, very low uranium concentrations have been found
to be associated with very high 34u/ U ratios; an
observation we have made on other samples in the past.

The radiotracer technique for fluid flow measurement has
been developed to the stage of actual application during the
quarter.

The results of the simulation of the groundwater flow
below the nitrate plant near Lake 233 have shown differences
between the observed and computed data. More hydraulic head data
are being obtained to help resolve the differences. At the tracer
test site, the initial injections of 1 3 1i were made after an
extensive series of estimations (by various methods) of hydraulic
conductivity. The plume has been monitored through the test site.
One interesting feature was the observation of an unexpected, high
velocity, plume that Is not readily linked to a stratigraphic
feature.

The sampling and analytical techniques developed for
studying the **c content of atmospheric CO2 and vegetation
have proved to be sufficiently sensitive and reproducible. The
concentrations in CO2» poplar leaves and grass have been measured
through the quarter at various distances from the CRNL stack
between 0.85 km and 10 km and in various directions. Concentration
contours are being prepared.

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.

Projects in this quarter have dealt with: (1) Molecular
cloning of human and bacterial DNA fragments in E^ coli. These
experiments, employing recombinant DNA technology (RDT), have
utilized our present (limited) RDT facility to help maintain our
expertise in this area while awaiting construction of a new
facility scheduled for completion in 1987. In this quarter, a new
family of plasmids , containing tandem repeats of a small fragment,
was constructed; these plasmids are useful as size markers and for
defining conditions which favor the formation of tandem repeats.
(2) Detection of damaged bases in DNA following exposure: to ultra-
violet light and chemicals has been carried out using biochemical
and immunological techniques. A high performance liquid chromatog-
raphy system has been developed which allows effective separation
of a damaged guanine nucleoside in DNA from the "normal"
nucleosides. Techniques for preparing monoclonal antibodies, used
for immunological detection of damaged DNA, have been set up at
Chalk River with the help of a visiting scientist, J.M. Boyle.
(3) An on-going study which follows the induction of rat tumors
following exposure to HTO, acute X-irradiation or chronic
X-irradiation. Yield of tumors appear to be similar (per Gy) for
HTO and chronic X-irradiation; acute X-irradiation appears to
produce an appreciably higher yield. (4) Changes in yeast
following exposure to moderately elevated temperatures
(hyperthermia) include improved resistance to more extensive heat
treatment, a change in a DNA repair mechanism, and increasing
resistance to radiation. The mechanism of these changes appears
not to -require functional mitochondria.

Biomedical Research

A study of the doses on a local, regional and global
scale from 1-129 released from the proposed Canadian high level
waste repository has been completed. This study showed that the
dose to the most exposed individual under unreallstically
conservative assumptions would not exceed the regulatory limits for
non-occupational exposure and the collective effective dose
equivalent to the next 10^ years would not exceed 1000
person-Sv.

The work being done for the NEA Group of Experts on Radon
and Thoron Daughter Dosimetry has been completed. One of the
conclusions that can be drawn from this work is that for radiation
protection purposes, only the exposure to the potential alpha
energy in air need be measured for most exposure conditions if the
implied ICRP conversion from exposure to dose is used. It is
possible to use a smaller factor than the ICRP's; however, if this
is done, aerosol parameters and breathing rates may be required to
ensure that the dose is below the prescribed limits.
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2. HEALTH PHYSICS BRANCH

by

6. Cowper

2.1 Staff

2.2 Neutron Dosimetry

2.2.1 Thermal Neutron Response of Electrochemlcally Etched CR39
Dosemeters

2.2.2 Response oi CR39 to Low Energy Protons and Deuterons
2.2.3 Quality Factors for Monbenergetic Neutrons
2.2.4 Neutron Dosimetry Using Superheated Drops Trapped in Gels
2.2.5 Microprocessor Development for Neutron Dosimetry

2.3 Beta Radiation Dosimetry

2.3.1 Compendium of Beta-Ray Spectra

2.4 Thermo luminescence Dosimetry

2.4.1 Automatic TLD Reader AEP-5256B
2.4.2 MgB.»O7:Dy TLDs •
2.4.3 Cleaning and Calibration of Personnel TLDs

2.5 Tritium Monitoring

2.5.1 Portable Tritium Monitor, AEP-5321
2.5.2 Nafion-based HT/HTO-in-Alr -ionitor, AEP-5336
2.5.3 AEP-5275 for Use as an Integrating Tritium Monitor on

Reactor Stack
2.5.4 HTO Measurements by a Flow Modulation Technique

2.6 Stack Effluent Monitor

2.6.1 Processor/Controller
2.6.2 Noble-Gas Detector
2.6.3 Farticulate and Iodine Detector

2.7 Application of Integrated Circuit Chopper-Stabilized Amplifiers
and Silicon Diode Radiation Detectors

2.8 Radiation Instrument Developments

2.8.1 Monitor for Airborne 3-Emitting Particulates, AEP-5331
2.8.2 New Head Unit for Alpha-in-Air Monitor, AEP-10110
2.8.3 Wide Range Beta-Gamma Survey Meter, AEP-5288C
2.8.4 High Range Beta Dose Rate Meter AEP-5337

2.9 Radiation Dose Monitoring

2.9.1 Radiation Dose Recording
2.9.2 Body Radiation Doses
2.9.3 Hand Radiation Doses

2.10 Publications and Oral Presentations
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Summer Students

C.K. Campbell, National Summer Student terminated 27 August 1982.

J.C. Campeau, National Summer Student terminated 3 September 1982.

Y. Beaulieu, National Summer Student terminated 27 August 1982.

R. Yip, Waterloo Co-op Student terminated 31 August 1982.

C.B. Duff, Local Summer Student terminated 25 August 1982.
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2.2 NEUTRON DOSIMETRY

2.2.1 Thermal Neutron Response of Electrochemlcally Etched CR39
Dosemeters
W.G. Cross, H. Ing and A. Arneja

We have studied the response to thermal neutrons of CR39
which is placed against TLD radiators containing LiF (TLD-100),
Li2Bi,O7 and MgBi»C>7. Alpha particles from the interaction of
neutrons in all these radiators enter the CR39: for radiators
containing Li they are accompanied by tritons which were separated
from the alpha particles by Al absorbers, 2 mg/cm2 thick. With
16-h pre-etch times, which we normally use for proton recoils,
alpha tracks are strongly over-etched and produce virtually no
electrochemically etched (ECE) spots.

About one sixth of the observed triton tracks from TLD-100
produce ECE spots, giving much more sensitivity (344 spots/(cm2"mrem)
than is desired. Radiations of LiaBifO? in teflon gave
44 spots/(cm2"mrem), mainly from tritons. This is also more sensitive
than desired, but these radiators are convenient and will probably
be used initially for thermal neutron dosimetry.

2.2.2 Response of CR39 to Low Energy Protons and Deuterons
W.G. Cross, H. Ing and A. Arneja

Beams of 150-keV protons and deuterons from an accelerator
were back-scattered at 135° from a Be target and entered CR39
foils normal to their surface. Tracks were visible after 4 hours
pre-etching and 8 to 16 hours appeared to be optimum for observing
these tracks. However, none of these tracks produced electro-
chemically etched spots under the conditions used (5 hours ECE,
6N KOH at 22°C, 1000 V rms, 5 kHz).

2.2.3 Quality Factors for Monoenergetlc Neutrons
W.G. Cross and H. Ing

Calculations described previously (PR-HS-8) on the quality
factors for monoenergetic neutrons of 5 to 15 MeV in tissue
have been repeated in greater detail. In particular, inelastic
scattering, (n.n'a) and (n,n'p) reactions from 160 have been
treated more accurately. The resulting quality factors agree
to within less than 5% with previously calculated values. The
same nuclear data (from ENDF/B-V) have been used to derive
kerma as well as quality factors, and give results that agree
within a few percent with the kerma factors derived from
ENDF/B-IV data by Caswell et al(D.

(1) R.S. Caswell, J.J. Coyne and M.L. Randolph, Rad. Res. j|3_ (1980) 217.
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2.2.4 Neutron Dosimetxy Using Superheated Drops Trapped in Gels
H. Ing, H.C. Birnboimf and W.G. Cross

Apfel* suggested the use of superheated liquid drops
suspended in gels for detection of neutrons in neutron dosimetry.
A finely dispersed liquid suspended in a host gel (or a liquid
of high viscosity) can be stable for lengthy periods at
temperatures even above its normal boiling point. However,
high LET particles, such as recoils resulting from neutron
irradiation can provide sufficient energy to trigger
vaporization of the superheated droplets. Apfel studied
"soft" gels and a variety of organic compounds with boiling
points around the vicinity of 0°C as the sensitive liquid.

We have undertaken some initial investigations on the
use of superheated liquid drops of Freon-12(CC12F2) for neutron
dosimetry. In contrast to the manual deposition of drops used
by Apfel, we have produced relatively homogeneous mixtures of
suspended droplets in gels by vigorous mixing. The loaded
gels show a high sensitivity to neutrons, forming visible
pin-point bubbles about 2 min after exposure and stable
bubbles up to about 1 mm diameter after 10 min. Sensitivities
of about 10 bubbles per mrem of Pu-Be neutrons were often
obtained, making this one of the most sensitive of fast
neutron dosimeters. The bubbles are stable over t period
of about a week, but tend to merge to form larger bubbles
in a period of several weeks.

2.2.5 Microprocessor Development for Neutron Dosimetry
H, Ing, P.J. Bunge, W.G. Cross, C.K. Campbell and N.O. Freedman

Recent activities have concentrated on expanding the
capability and usefulness of the minicomputer system based on
a Z-80 microprocessor and S-100 bus structure, to be used for
the unfolding of neutron spectra (PR-HS-8). The system now
has 64K of memory, a Cybernex video terminal, two "floppy
discs", an LA-120 printer and a modem for communications with
the CRNL main computer. It is referred to as the Health
Physics Minicomputer and can execute programs in BASIC and
FORTRAN 80.

The SPEC4 unfolding code for hydrogeneous proportional
counters, originally used on the CRNL main computer, may now
be run on the Health Physics Minicomputer. Raw data from the
counters are transferred to a floppy disc and are assessed by
SPEC4 during the unfolding process. At present, the unfolding
takes about 15 minutes but further improvements are expected

tRadiation Biology Branch
*R.E. Apfel, Nucl. Inst. & Methods, 162 (1979) 603.
R.E. Apfel, U.S. Patent 4143274 (1979)
R.E. Apfel, Nucl. Inst. & Methods 179 (1981) 615.
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to reduce the execution time to about 5 minutes. The
capability to unfold spectral data on the Minicomputer is a
major step in developing our "on-line" data processing
techniques for neutron doslr •••

Programs and utility routines have been written to enable
us to write assembled versions of the unfolding programs into
read-only memories, in order to have data processing done
directly by a microprocessor (PR-HS-9) which is incorporated
into the proportional counter spectrometer itself. Minor
changes to SPEC4 and some hardware modifications on the
spectrometer electronics are still required to achieve the
desired spectral unfolding at the "push of a button" and
have the unfolded spectrum displayed on the analyzer CRT.

A "user friendly" program in high-level language (JPS)
has been written to permit rapid communication between our.
Minicomputer and a variety of other computer systems and
electronic devices. A single 2-letter command performs a
series of complex interactive operations with these devices.
Use of JPS for submitting jobs to the CRNL computer has
markedly improved the efficiency of data processing with
various established programs.

2 . 3 BETA RADIATION DOSIMETRY

2.3.1 Compendium of Beta-Ray Spectra
W.G. Cross, H. Ing and N. Freedman

Graphs have been prepared of beta ray spectra for all the
(99) nuclides for which dose distributions are calculated in
AECL-7617. Combined spectra of parent-daughter nuclide
combinations are also given. Spectra are presented in separate
graphs, 12 to a page. The main purpose is to give the viewer
a quick appreciation for the wide variations that occur in the
shapes of practical spectra, as a result both of multiple
components and of Coulomb effects. They are also useful,
in a variety of ways, in the interpretation of beta-ray
measurements.

2.4 THERMOLUMINESCENCE DOSIMETRY

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

The construction of a reader for use at CRNL continues.
Most of the parts, both mechanical and electrical have been
received. The preparation of the manual continues.
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To prolong the life of the thermocouple used for monitoring
the surface temperature of the TLDs (typically 40,000 reading
cycles have already been performed on Che prototype reader) two
alternatives are being considered. The first is a modification
in the way in which the heating anvil is raised. If this is
effective it can be accomplished by changes to the software
for the microprocessor alone. The second is the use of optical
fibres and silicon photodiodes to measure surface temperature.
It is calculated that at 200°C the diodes would have sufficient
signal/dark current and that the signal would change rapidly
with temperature. However, other characteristics, e.g., the
ability to discriminate against thermoluminescence and to
discriminate between different parts of the TLD require
measurement. Fibre-optic cables and diodes have been ordered
to permit their evaluation.

2 . 4 . 2 MgBitOylDy TLDs
A.R. Jones

Testing of TLD plaques with combinations of MgBi»O7:Dy TLDs
(for whole body dose) and LiF in solid and powder forms continue.
These tests are designed to measure changes in performance with
use. Another series of tests is being performed to measure
changes in sensitivity depending upon time of exposure before
reading and using different annealing procedures.

2.4.3 Cleaning and Calibration of Personnel TLDs
A.R. Jones

The complete stock of TLD plaques for CRNL workers and
visitors have been cleaned and recalibrated.

2.5 TRITIUM MONITORING

2.5.1 Portable Tritium Monitor, AEP-5321
R.G.C. McElroy and M.J. Wood

Scintrex is now actively pursuing the commercialization of
this instrument. To facilitate manufacture and to accommodate
design refinements requested by Ontario Hydro, Scintrex has
proposed a repackaging of this monitor. The financing of this
additional engineering work is currently being negotiated.

We have begun the modification of one of our prototype
instruments to provide noble gas compensation. This involves
the re-routing of the gas flow through both ion chambers with
the air being dried by silica gel in a refillable capsule
prior to entering the second chamber.
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2.5.2 Hafion-baaed HT/HTO-ln-Air Monitor, AEP-5336
R.G.C. McElroy and R.A. Surette

The prototype AEP-5336 has continued to operate satisfactorily
during this quarter. In cooperation with Electronics Branch, we
have submitted a proposal to the Canadian Fusion Fuels Technology
Project for the funding of an engineered version of this monitor.

2.5.3 AEP-5275 for Itee as an Integrating Tritium Monitor on Reactor
Stack
R.A. Surette and R.G.C. McElroy

The two-month test of this monitor in Bldg. 163 is now
complete. During this period, the monitor ran reasonably reliably
mechanically but with some instability in the water flow-rate.
An analysis of the AEP-5275 readings and the water-bubbler
measurements taken by R.&I.S. Branch show little or no correlation.
This is because the AEP-5275 is unable to cope with the background
due to argon-41 in the sampled air and in the immediate vicinity
of the instrument and the general background gamma radiation.
It does appear that this instrument is adequate to detect tritium
in such a severe environment.

2.5.4 HTO Measurements by a Flow Modulation Technique
J.C. Campeau, R.G.C. McElroy, R.A. Surette and M.J. Wood

In this measurement technique, the sample to be measured
and a dried-sample flow are alternately routed through a single
ion chamber. The tritium concentration is derived from the
component of the lonization current at the modulation frequency.

The measurement of low tritium concentrations is then limited
by any spurious signals at the modulation frequency. The main
sources of these spurious signals are humidity changes, pressure
and/or density differences within the ionization chamber between
the two flows. Pressure differences should be avoidable with
careful design. This aspect has not been investigated in detail
but would appear to be the limiting factor in terms of y-
compensation. The humidity effect is more difficult. Humidity
changes modulate the capacitance of the ion chambers and thus
cause spurious currents due to charge redistribution. Our
attempts to eliminate these signals through an electrometer design
change were unsuccessful due to the resultant poor noise performance.
We have demonstrated that it is possible in principle, to
eliminate this component when its shape Is known. It is not clear,
however, whether this shape is well-enough defined over all operating
conditions to make this a practical approach. It would appear
that the most appropriate approach for a practical monitor is
simply not to collect data when this charge redistribution is
underway.
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This monitoring technique appears most useful In those
Instances where a short time response Is not necessary, and
especially for HTO concentrations of l(MPC) or less.

2.6 STACK EFFLUENT MONITOR

2.6.1 Processor/Controller
A.R. Jones and R.M. Holford

The specifications for a processor/controller for the
monitor have been revised and quotations for Its construction
and engineering sought. On the basis of the reply an order
for a unit has been placed to permit delivery In this
financial year.

2.6.2 Noble-Gas Detector
A.R. Jones and R.M. Holford

The large and small sample chambers have been made.
With the GM counters In position their sensitivity to the
2l>1Am test source mounted In the test wheel has been
measured.

After the energy correction filters were designed and
fitted on the GM counters their sensitivity to "y-rays were
measured over the range of energies and directions which
will be encountered.

Using these data and those relating to the chamber
dimensions the sensitivity of the two chambers has been
computed for a range of noble gas radionuclides.

Radionuclide

133Xe

i3 3mxe

8 5mKr

85Kr
88Kr

"Ar

Sensitivity in

Large Chamber

1700

2280

2310

1740

1850

1780

counts -MeV *-Ci ** emitted
from the Stack

Small Chamber

0.378

0.439

0.412

0.431

0.423

0.451

Recommended Sensitivity Setting 1780 0.4

*1 Ci - 37 GBq
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Since 1|1Ar is likely to dominate under routine conditions
it is recommended to set the large chamber (low range)
sensitivity for >>1Ar. For a high level release a setting of
0.4 counts•MeV~1-Ci~1 is recommended and will have an energy
independence within -4 and +11%.

2.6.3 Particulate and Iodine Detector
R.M. Holford

A contract has been let for the fabrication of assemblies
consisting of a circular filter disc (fibre-glass for participates,
charcoal-loaded paper for iodine) mounted in a plastic rim which
will facilitate handling. Preliminary samples of both assemblies
have been received and a jig is being constructed to allow them
to be evaluated.

An automatic sample changer for the filtration disc
assemblies has been designed but before construction proceeds,
an alternative proposal is being evaluated. This would involve
the purchase of a small robot arm to perform sample changing
and related tasks on all five detectors (two particulate and
three iodine). Use of a robot would allow for considerable
simplification of the individual detector assemblies and may
well prove to be less expensive overall.

Prototype circuit boards have been assembled for the
particulate and for the iodine detectors. Both have been
tested using a pulse generator. The scintillation detector
assemblies for both these units have now been received and
tests in which the scintillation detectors and electronic
units are combined will soon be undertaken.

2.7 APPLICATION OF INTEGRATED CIRCUIT CHOPPER-STABILIZED AMPLIFIERS
AND SILICON DIODE RADIATION DETECTORS
A.R. Jones

Further tests have shown that the temperature drift of
the combination of a 100 mm2 silicon photodiode and a single
chopper stabilized amplifier permit their use for the
measurements of dose rates down to 10 mrad/h (0.1 mGy/h) in
a simple portable instrument. This permits the modification
of the high-range beta dose rate meter AEP-5337 to a routine
protection level survey meter without major mechanical changes.
At this dose rate ̂ 60 0-partides (or secondary electrons from
photons) are Incident on 100 mm2 surface. Thus for portable
instruments the d.c. technique approaches the dose rate limit
set on pulse counting techniques by statistical considerations.
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2.8 RADIATION INSTRUMENT DEVELOPMENTS
A.R. Jones

2.8.1 Monitor for Airborne 3-Emlttlng Particulates, AEP-5331

A field test of the laboratory prototype has been
completed by the R.&I.S. Branch and this test has resulted
In a number of proposed modifications for Incorporation
into the engineering version.

2.8.2 New Head Unit for Alpha-in-Air Monitor, AEP-10110

The field testing of the laboratory prototype continues.
To avoid amplifier oscillation the layout of the components
is being changed and the components mounted on a printed
circuit which has been designed for them.

2.8.3 Wide Range Beta-Gamma Survey Meter, AEP-5288C

The engineering prototype has been built and the following
- characteristics tested.

- Sensitivity dependence on temperature (-30 to +50°C)
- Sensitivity dependence on battery voltage (5.75 to 10.5 V)
- Sensitivity to g-rays (PTB Standards and Uranium contact

exposure)
-Photon energy dependence (.04-1.25 MeV)

- Linearity (up to full scale on all scales).

The survey meter is mechanically similar to the AEP-5288B
in general service in CRNL. However, although it covers the
same dynamic range (5h decades for y-rays) the maximum reading
is one decade lower (20 rad/h) (200 mGy/h). For this purpose
more sensitive GM counters have been used. By using dead-time
correction circuits it has been possible to use two GM counters
instead of the original three. As a result smaller dose rates
can be measured and generally, the reading fluctuation due to
counting statistics has been reduced.

2.8.4 High Range Beta Dose Rate Meter AEP-5337

The field test carried out by the R.&I.S. Branch is complete
and the engineering prototype is now being evaluated by Ontario
Hydro. A report describing this instrument and the High Range
Gamma Survey meter has been published.
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2.9 RADIATION DOSE MONITORING

2.9.1 Radiation Doae Recording
R.M. Holford

A magnetic tape containing the 1981 Radiation Dose records

for AECL has been sent to the National Dose Registry, and was

apparently read by them without any serious problems.

Work is proceeding on the conversion of the interactive

computer procedures, used for routine fortnightly processing,

from the 3300 procedure language (IPL) to Fortran-5, for use

on the new Cyber 720 computer.

2.9.2 Body Radiation Doses
R.M. Rondeau and J.M. Vincent

Since the last report (PR-HS-12) there has been one whole-
body radiation dose exceeding the 600-mrem two-weekly
administrative control limit, no skin dose exceeding the
1600-mrem two-weekly administrative control limit and no
extremity dose exceeding the 4-rem two-weekly administrative
control limit.

In the fourteen-week period ending 24 September 1982
and in the calendar year to this date there were the following
distributions of radiation doses.

Dose Range
rein

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

Average dose
pel monitored
person

Average dose
per exposed
person

CRNL - Whole-Body

Fourteen Weeks

No. of
monitored
persons

468
2621
108
18
5
1
0
0
0

80

93

Total
Dose
(rem)

0
152.73
72.31
20.89
7.94
2.11
0
0
0

mrem

men

Dose

Calendar

No. of
monitored
persons

406
2476
155
102
43
18
16
4
1

193

221

Year

Total
Dose
(rem)

0
211.
113.
124.
73.
40.
42.
12.
3.

mrem

mrem

62
07
13
90
00
18
61
52
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Radlochemlcal Company - Whole-Body Dose

Dose Range
rem

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1,99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

248
169

1
0
T)

Total
Dose
(rem)

0
7.41
0.52
0
0

19 mrem

47 mrem

Calendar Year

No. of
monitored
persons

159
250

7
2
0

Total
Dose
(rem)

0
20.59
4.51
2.21
0

65 mrem

106 mrem

CRNL - 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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen 1

No. of
monitored
persons

468
2605
116
26
3
1
0
0
0
0

85

99

rfeeks

Total
Dose
(rem)

0
150.
80.
30.
8.
2.
0
0
0
0

mrem

mrem

74
86
51
71
36

Calendar

No. of
monitored
persons

406
2445
158
113
52
18
18
8
2
1

208

23f

Year

Total
Dose
(rem)

0
204.
112.
139.
89.
39.
48.
25.
7.
4.

mrem

t mrem

61
30
61
32
63
74
25
69
31
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Dose Range
ren

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

6.50 - 6.99

Average dose
per monitored
person

Average dose
per exposed
person

Radlochemlcal Company -

Fourteen Weeks

No. of
monitored
persons

248
165
5
0
"0
0
0
0
0

0

Total
Dose
(rem)

0
9.10
3.22
0
0
0
0
0
0

0

30 mien

72 mrem

Skin Dose

Calendar

No. of
monitored
persons

159
234
14
6
2
1
0
0
1

1

134

216

Year

Total
Dose
(rem)

0
22.98
9.76
7.12
3.51
2.04
0
0
3.60

6.99

mrem

mrem
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2.9.3 Hand Radiation Doses
J.M. Vincent and R.M. Rondeau

In the fourteen-week period ending 25 September 198*.
and in the calendar year to this date the following distributions
of extremity doses were measured by finger-tip TLDs.

Dose Range
rem

less than 0.99
1.00 - 1.99
2.00 - 2.99
3.00 - 3.99
4.00 - 4.99
5.00 - 5.?9
6.00 - 6.99

12.00 - 12.99 '

19,00 - 19.99

CRNL
Fourteen
Weeks

93
4
0
0
0
0
0

0

0

Calendar
Year

188
14
5
3
0
0
1

0

1

Radiochemical
Fourteen
Weeks

31
4
0
1
0
0
0

0

0

Company
Calendar
Year

26
8
4
5
1
1
0

1

0

2.10 PUBLICATIONS AND ORAL PRESENTATIONS

A.R. Jones and C. Wernli, Two High Range Survey Meters for Measuring
Y- and B-Dose Rates, AECL-7414.

R.M. Holford, D.K. Myers, M.M. Werner, G. Cowper and D.P.
Morrison, Follow-Up of Past Employees of the Chalk River Nuclear
Laboratories. Presented at 3rd International Symposium: Radio-
logical Protection - Advances in Theory and Practice, Inverness,
Scotland, 6-11 June 1982. Published: Proceedings of meeting,
Volume 1, page 332-339.

W.G. Cross, H. Ing, N.O. Freedman and J. Mainville, Tables of
Beta-Ray Dose Distributions in Water, Air and Other Media,
AECL-7617.

R.G.C. McElroy, Tritium Monitoring and CRNL Instruments,
to Chemical Engineering Branch Technologists, CRNL, 29
September 1982.

presented
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A.R. Jones, Measurement of Radiation, presented at Health
Physics Course, September 20, 1982, CRNL.

H. Ing, Radiation Doslmetry, presented at Health Physics
Course, September 20, 1982, CRNL.

A.R. Jones, An Automatic TLD Reader System, presented at
Health Physics Society 27th Annual Meeting, Las Vegas,
Nevada, 27 June - 1 July 1982.
Published: Health Phys. 43, 1, July 1982, page 126-127
(abstract only).

W.G. Cross, Canadian Progress Report to the NEANDC,
March 1982 to September 1982, NEANDC(Can)-52/L.

W.G. Cross, H. Ing, N.O. Freedman and J. Mainville,
New Tables of Beta Ray Dose Distributions, presented at
Health Physics Society 27th Annual Meeting, Las Vegas,
Nevada, 27 June - 1 July 1982.
Published: Health Phys. 43, 1, July 1982, page 148-149
(abstract only).
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3 . ENVIRONMENTAL RESEARCH BRANCH
by

R.V. Osborne

3 .1 STAFF

3.2 INTRODUCTION

3.3 ENVIRONMENTAL RESEARCH
3.3.1 HYDROLOGY

Lake Energy Budgets and Lake Mixing Processes
Connection of Groundwaters in Bedrock to Shield Lakes
Groundwater/Streamf1ow Relati onships
Fluxes of Major Ions in a Forested Catchment during Spring

Melt and Run-off
Wind-Driven Surface Currents in Lakes

3.3.2 HYDROGEOCHEMISTRY
Radiocobalt Behaviour
Speciation of Trace Metals
Speciation of Radionuclides
Trace Metals in Organic Fractions of Perch Lake Sediments
Radiostrontium Behaviour
Geochemical Controls
Particulate or Colloidal Transport of Radionuclides
Groundwater Contaminant Behaviour in Discharge Zones
Organic Contaminant Migration in Groundwater Discharges

3.3.3 AQUATIC RADIOECOLOGY
Uptake of Radionuclides by Freshwater Clams
Nuclide Concentrations in Freshwaters
Recycling of Radionuclides in Lake Ecosystems
Radionuciide Cycling in Plants

3.3.4 APPLICATION OF NUCLEAR TECHNIQUES
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Flow Measurements using Radiotracers

3.3.5 APPLICATION OF NUCLEAR FACILITIES
Aquaculture of Freshwater Organisms

3.4 ASSESSMENT
3.4.1 MODELLING

Dispersion of Accidental Releases of Radionuclides to the
Atmosphere at CRNL

Computer Model Development
Tracer Test Site
Deriving Release Limits
Development of Water Quality Criteria for the Aquatic
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Uranium Mill Tailings Management

t.ives for Managing Long-Lived fariioactive Wastes
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3.4.2 SITE STUDIES
Perch Lake Basin Hydrology
Perch Lake Swamp Survey
Nitrate Plant Plume
Glass Block Plume
Reactor 1 4C in the CRNL Environment
Survey of Radioactivity in Mammals Living Near CRNL Waste

Management Areas

3.5 ANALYSIS AND MONITORING
3.5.1 INSTRUMENTS AND METHODS

Zeeman Atomic Absorption Spectroscopy
Ion Chromatography
Carbon Analyzer Operation
Field Facilities

3.5.2 RADIOLOGICAL MONITORING RESULTS
Gamma Exposure Rates near CRNL
Gamma Exposure Rates at CRNL
Radionuclides in Precipitation and the Ottawa River
Radionuclides in Surface Water
Radionuclides in Liquid Effluents
41Ar in the CRNL Stack Effluent Argon

3.5.3 MONITORING PROGRAMS AND SERVICES
Perch Creek Dye Injection
Earth Tide Measurements
Air Pollution Monitoring Station at CRNL
Hydrological Data at Perch Lake
Analyses of Ions in Perch Lake
CRNL Climatological Report
Meteorological Support of Hybrid-Heating Experiment
Testing of the Integrity of Sampling Ports in Borehole CR13
Tracer Injections
Contamination and Leakage Investigations
Microbial Analysis of Distilled Water
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3.6.1 PRESENTED PAPERS
3.6.2 LECTURES AND TALKS
3.6.3 PUBLICATIONS
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I n s t i t u t e , Environment Canada
Department of Geography
Univers i ty of Toronto
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3.2 INTRODUCTION - R.V. Osborne

In this report the work of the Branch is presented in three main
sections, Environmental Research, Assessment, and Analysis and
Monitoring.

In the Environmental Research section, the emphasis is on basic
research and on applications of nuclear techniques and faci l i t ies.
The former involves investigations of the fundamental nature of
environmental processes particularly those concerned with atmospheric
and aquatic dispersion, for example energy balances in lakes, and the
behaviour or radionuclides at f luid/solid interfaces. The latter
involves our general interest in exploiting radioisotopes or our
nuclear fac i l i t ies for studying environmental processes.

In the Assessment section the research described is related to
estimating or predicting the potential doses to human populations from
radioactivity in the environment. Such dose assessments may be' made
from knowledge of the sources of the radioactivity or from surveys of
the actual distributions of radionuclides that are already dispersed
in the environment. Accordingly, research in this section involves;

- developing models to describe the fluxes of radioactivity
through environmental media to human populations,

- adapting our understanding of environmental processes to
transport calculations; for example, identifying the important
properties and processes that have to be considered,

- determining the distribution in the environment of radio-
nuclides; for example, in the neighbourhoods of the various
waste management areas at CRNL,

- developing the laboratory and field techniques to determine the
parameter values needed in the transport equations and models,
and

- work towards establishing appropriate cri teria for
assessments.

The third section, Analysis and Monitoring, comprises the reports
of developments in the various techniques - chemical, radiochemical,
instrumental and environmental measurement - that support the research
and monitoring program of the Branch. In subsequent parts, the results
of the Branch's measurements of current releases of radioactivity from
CRNL to the environment are reported and the activit ies of the Branch in
other monitoring programs are noted.

The location of the various research faci l i t ies and areas
mentioned and the monitoring points are shown on Figure 3.2.
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3.3 ENVIRONMENTAL RESEARCH

3.3.1 HYDROLOGY

Lake Energy Budgets and Lake Mixing Processes - P.J. Barry, E. Robertson
and F.C. Brown

Measurements of the energy budgets of Perch, Maskinonge, Upper and
Lower Bass Lakes were continued throughout the period. Availability of
new digital recording equipment this summer has allowed many more
measurements of meteorological and limnological variables to be made
and over shorter time intervals. Detailed measurements of the wind
speed and air temperature profiles have been possible this year and
these will enable us to obtain a better understanding of the physical
processes controlling transfers of energy and water across the lake-air
Interface.

A large amount of data has been accumulated and filed in the
computing system and will be processed later in the year. Much time
has so far been spent becoming familiar with the new equipment and
devising screening procedures to check the quality of the data being
collected.

Connection of Groundwaters in Bedrock to Shield Lakes - D.R. Lee and
S.J. Welch

Maskinonge Lake Project

Of the five boreholes drilled in February 1982, two were tested
for hydraulic conductivity and water chemistry. Although visual
examination of the fracture density in the core from borehole CRZ2
indicated low permeabilities, the measured values were surprisingly
high (10~7 - 10~3 cm-s~l). Based on visual examination, core from
borehole CR2O appeared to be more broken than core from CR22, but
permeabilities measured at CR20 were low (10~8 - 10~ 4 cm-s-1), lower
than at CR22. Except in unfractured sections of a borehole, core is of
little value in permeability estimates.

Potential for upward flow from the rock into the lake exists. In
CR2O, static head levels in the shallow zones were higher than the
lake. Also, static head levels increased with increasing depth. The
same condition may exist at CR22 at the north end of Chalk Lake, but we
cannot determine this without survey data, requested seven months ago.

Two distinct chemical zones were identified in CR20. An unusually
low redjox condition (26 to 71 mV) that contained Cl~ at 18 to 41 mg-L"1

and SO4 at 15 to 31 mg-L-lwas found deep in the hole
(42.15 m to 60.15 m) and a high redox condition- (43 to 151 mV) that
contained Cl" at 0.4 to 14 mg-L-1 and SOS" at 1.0 to 10 mg>L"1was found
at shallower depths (18.15 - 27.15 m ) . Three separate intervals within
each of these two chemically distinctive zones of the borehole were
isolated for continued study.

CR20 was instrumented with a modified, semi-permanent packer
assembly that permits continuous access to bedrock groundwater in six
zones of interest. Working time needed to instrument a 60 m borehole
with packers is about one packer (one plug) per hour. This is about
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half the time needed for the old design and makes i t possible to
complete an ins ta l la t ion in one day.

Using scuba we surveyed the northeast section of Maskinonge Lake
and found iron precipitates in some of the fractures in underwater
bedrock surfaces. We believe that these precipitates occur (and may
therefore indicate) where iron-bearing groundwater moves into a lake.

East Bull Lake Project

I f faul ts in Shield terra in are major conduits for regional
groundwater f low, then surface waters that l i e in the surface
expressions of faul ts are potential areas for groundwater recharge and
discharge. A 10-day f i e ld survey at research area 7 (RA7), East Bull
Lake, was conducted as part of our program to test methods for finding
and sampling surface-groundwater connections in a variety of settings ir.
Shield environments.

A major geologic feature, the Folson Lake Fault , cuts across RA7 i r
a NW-SE d i rec t ion . In the central part of the RA, water bodies
associated with the fault are topographically high. And on the western
and eastern ends of the fau l t , lakes and streams are topographically
low. This fau l t holds a large amount of standing surface water and, on
the surface, i t probably carries a signif icant portion of the runoff
from the research area. Because a flow system study is being
contemplated in th is RA, any information on recharge and discharge could
be useful in planning future work.

Act iv i t ies are br ie f ly summarized as follows: We installed
piezometers to depths of 0.7 to 7 m to measure hydraulic gradients
across the beds of lakes and streams lying in the f a u l t . The
piezometers were also used to sample pore waters in lake- and
stream-bed sediments. We sampled springs that we located along the
margins of lakes and streams. We sampled surface waters for chemical
indicators of surface-groundwater interact ion; we measured radon levels
and electr ical conductance in the f ie ld and we are now analyzing for
major ions. Soft lake-bed sediments were collected for later gas and
pore-water analyses.

Tentative results are interesting and w i l l be helpful in future
flow system work:

1. The lakes and streams in RA7 contain very soft waters with
a lka l in i t i es of less than 10 mg-L~l, e lectr ical conductance
values of about 20 ijS«cm"-S pH values of about 6.2, chloride at
0.3 to 1.4 mg'L-1 and sulfate at 4 to 5 mg-L"1.

2. We found no evidence of groundwater recharge beneath lakes and
streams lying in the Folson Lake Fault. In other words, we
observed no downward hydraulic gradients.

3. We found no signs of downstream change in Sable-River qual i ty
with respect to Rn gas, SO4, Cl~, pH, a lka l in i t y and
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electrical conductance at points where faults intersect the
river.

4. Over a 4 km length of the Folson Lake Fault, the sulfate
concentration of Parisien Creek increased from 1.9 to 5.9
mg'L . This creek follows the fault and flows through
Parisien Lake.

5. Measurement of surface-water flow into and out of Parisien
Lake show that there is substantial groundwater inflow to this
lake. The creek increases from 1 L-s~l to 10 L«s"l as it
passes through Parisien Lake. When we gauged the streams
flowing in and out of Parisien Lake (July 29), Parisien Creek
was carrying 1 L'S"1 of water, 3.4 mg^s"^ of chloride and
2.6 mg«s-l of sulfate into the lake and 10 L-s-1 of water,
9.5 mg-s"l of chloride, and 36 mg-s"l of sulfate out of the 1
lake. A single additional stream contributed merely 0.2 L*s
of water, 0.1 mg-s~l of chloride and 8 mg-s"* of sulfate. We
do not yet know the source of this groundwater inflow to this
lake: it may be derived from sandy aquifers around the lake
or it may be derived from the bedrock via the Folson Lake
Fault which runs beneath the lake.

6. We found two springs feeding Parisien Creek near the
eastern end of the Folson Lake Fault, about 600 m west of the
confluence of the creek and the Sable River. The springs were
higher than surface waters in dissolved solids by factors of
two and three, but were not nearly as high as we expect for
water from a regional flow system. When we have borehole
samples, we can compare them.

Groundwatar/Streamf1ow Relati onshi ps - R.W.D. Killey

A study entitled "Significance of the Capillary-Fringe Effect on
Streamflow Generation and Runoff Quality" has been started under
contract by Dr. R.W. Gill ham and Dr. E.O. Frind (of the Department of
Earth Sciences, University of Waterloo). Under a previous contract let
by AECL, they documented the existence of the capillary fringe effect
(which causes rapid and large groundwater hydraulic head transients;
see PR-HS-11) in the field at CRNL, constructed and tested a physical
laboratory model, and carried out preliminary digital modelling. The
current contract will complete and document the digital model and apply
it to the study of groundwater discharge into surface waters.

For several years it has been known that during precipitation
events groundwater discharge to many streams increases dramatically and
very rapidly. The investigators believe that these rapid increases are
a result of the capillary fringe effect, and will undertake field and
modelling studies to test their hypothesis. An understanding of the
connections between surface water and groundwater is important in
assessing contaminant transport behaviour. The Waterloo investigators
recently visited CRNL to select a study area in the Perch Lake Basin.



- 29 -

Fluxes of Major Ions in a Forested Catchment during Spring Melt and
Run-off - P.J. Barry

This project is being undertaken in cooperation with Prof. A.
Price, Geography Department, University of Toronto. The stems of 16
trees have been f i t t ed with traps to intercept the flow of rain and
melted snow down the stem and col lect i t for chemical analysis after
each precipi tat ion event. The traps are made of styrofoam poured into
a mould fastened around the t ree . (One was destroyed by a bear within
one week of ins ta l la t ion . ) Groundwater wi l l be collected as i t is
recharged during the melt period with a multi level sampler that has
already been insta l led. Samples w i l l be collected over 15 cm intervals
every 15 cm from a depth of 4 m to the water table as i t exists on each
sampling occasion. The samples w i l l be analyzed for major ions.

Wind-Driven Surface Currents in Lakes - P.J. Barry

Wind-driven surface currents in Lower Bass Lake have been studied
during the period under a contract to Prof. E. LeDrew of Waterloo
University. Data for this project were collected over a four week
period in August and included measurements of the horizontal
distr ibut ions of air and water temperature and wind speed pro f i les .
Surface currents were determined by tracking surface drogues and dye
patches released simultaneously at various horizontal locations.
Tracking was done by photography using a hel ium-f i l led balloon to carry
a camera f i t t e d with a radio-controlled shutter and f i lm advance device.
Testing th is technique was a major part of the study and replaces more
expensive and less f lex ib le aerial photography using a i rc ra f t . However,
one f l i gh t (four runs) was made for thermal imagery. Early indications
are that the experiments were more successful than expected; no serious
experimental problems were experienced.

3.3.2 HYDROGEOCHEMISTRY

Radiocobalt Behaviour - R.W.D. Ki l ley and J.H. Munch

Following mineralogic segregation, sands from 1 cm slices of a
th i rd core taken from the Chemical Pit Plume and eluted for two months
with uncontaminated groundwater have been subjected to sequential
desorption treatments. The 60Co has been measured in each sequential
f ract ion. Non-eluted samples taken from immediately above and below
the test column were analyzed by identical procedures. Results are
summarized in Table 3.3.2. As shown, there have been losses of 60Co
that had been sorbed by the three mechanisms we have previously
ident i f ied (PR-HS-12) on both mineralogic fractions except for 60Co
retained by iron oxide coatings on the quartz and feldspar grains.
So-called " f i xed 1 radiocobalt (that which cannot be removed by
short-term contact with ion exchange and iron-oxide-dissolving agents)
is in fact released to solution in local uncontaminated groundwater
during longer term contact. This is in agreement with a previous
experiment employing contaminated sediments from another location in the
heterogeneous Chemical Pit plume. From these results we predict t ha t ,
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following closure of the Chemical P i t , a signif icant fract ion of the
400 GBq $10 Ci) of b0Co currently sorbed to sediments in the
contaminated aquifer w i l l be slowly released to solution and transported
to the East Swamp Stream.

TABLE 3.3.2

SUMMARY OF SEQUENTIAL DESORPTION TEST RESULTS FOR 6 0Co IN SEDIMENTS
FROM ES-5C

Location Ion Exchangeable Fe-Oxide Sorbed Fixed
ES-5C Bq.g"1 % Bq.g"1 % Bq.g"l %

won-tluted
Qtz + Feld*
Ferromag

Post-Elution+
Qtz + Feld
Ferromag

0.56
2.01

0.30
0.46

21.7
13.6

16.3
6.2

0.40
3.08

0.42
1.51

15.3
20.9

23.0
20.5

1.63
9.67

1.12
5.40

63.0
65.5

60.7
73.3

1 Bq = 27 pCi
* Quartz + Feldspar and Ferromagnesian Minerals
+ After elution for 2 months (230 column volumes) with uncontaminated

groundwater

Speciation of Trace Metals - D.R. Champ and J.L. Young

The mobil i ty of contaminants in subsurface flow systems is greatly
affected by the chemical form of the contaminant. The mobi l i ty, and
hence the biological impact, of many trace metals can be signi f icant ly
enhanced by the formation of soluble complexes with organic or
inorganic molecules that are present in the system either as
co-contaminants or as naturally occurring ligands.

In collaboration with R.M. Cassidy of the General Chemistry Branch
we have started, using High Performance Liquid Chromatography, to
measure the concentrations and chemical species of trace metals found in
a contaminated aquifer beneath the Gloucester toxic waste site near
Ottawa. This s i te provides an ideal opportunity to develop our
techniques for metal speciation using HPLC because of the presence of a
variety of trace metals and organics at the si te and of our access to
several complementary studies on organics and s i te geochemistry which
are taking place in conjunction with our own work.

The f i r s t set of samples were collected in mid-September and this
i n i t i a l analysis w i l l continue through the next quarter.

Speciation of Radionuclides - E.L. Cooper, D.E. Clegg and G. Lahaie

We concluded from our previous work that at least two dist inct
strong anionic species of "Co were present in the plume from the
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Chemical Pit. During the past quarter we have been using anion exchange
chromatography to separate these species. The anionic complexes of
°0co were first loaded onto AG1-X8 resin by passing groundwater
through columns at flow rates of 3-4 mL-mitrl. The columns were then
eluted with solutions of HC1 and KC1 at various concentrations. The
concentration of 60Co in the effluent was determined by passing it
through a flow cell surrounding a Nal(Tl) detector. Fractions of the
effluent were also collected for later analysis.

Elution with a pH gradient indicated that some species of
were removed at pH 4.2 to 2.2 while other species were

removed at pH 1.4 to 1.1. A KC1 salt gradient only removed part of the
°0co adsorbed by AG1-X8. The fraction removed corresponds to that
removed at lower pH in the pH gradient study. Ultrafiltration of
several of the collected fractions indicated that the ""Co eluted
by KC1 is still complexed. Unfortunately, the ultrafiltration results
for the species removed at pH 4.2 to 2.2 were inconclusive since the
bulk of the 60Co was adsorbed by the filter.

From the results obtained in these studies we suggest that it
should be possible to concentrate for further study at least some of the
species (those eluted by KC1) from a large volume of groundwater.

Trace Metals in Organic Fractions of Perch Lake Sediments - K. Cundari
and J.M. Judd

This project, which has just been started, is to extract and
precipitate organic acid fractions from Perch Lake sediments and then to
determine the Co, Cu, Pb, Ni, Zn, Fe, Mn, Cd and Sr content of these
fractions using the Zeeman Atomic Absorption Spectrometer. The object
is to obtain further information on the nature of organic complexation
of metals in lake ecosystems.

Radiostrontium Behaviour - D.R. Champ

The analysis of ° Sr breakthrough data from the field columns,
which is needed to complete the field column work reported earlier
(PR-HS-12), has been delayed owing to other demands during the past
quarter.

Geochemical Controls - K. Inch and J. Jackson

In this study a series of cores were taken along the upper plume
from the 1954 disposals to the shallow trenches in Waste Management Area
'A'. It has been possible to study the geochemical controls affecting
90Sr which has been in contact with aquifer materials for a period of
more than 25 years. A first draft of the results of this work has been
completed.

The experimental work has demonstrated by the analysis of
contaminated aquifer materials and the associated groundwaters, that
1) the adsorption of 90Sr from the groundwaters studied is dependent
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upon the concentration of the two principal counter ions - SR2+ and
Ca2+; this is shown by the observation of two adsorption isotherms (one
with a sioee = KjSr = in. mL'g-1 and the other with a
slope = Kd 5 r = 3 mL-g"1), and 2) the part i t ioning of 9QSr among mineral
adsorbents is controlled by the abundance of the individual minerals and
their K^1" values as well as by the contact time of the adsorbate with
the array of potential adsorbents.

Particulate or Colloidal Transport of Radionuclides - D.R. Champ and
J.L. Young

Laboratory column studies to examine the transport of
radionuclides, specif ical ly Cs, Pu and Am, as part icles or colloids in
groundwater flow systems have continued.

During the past quarter we have extended our analyses on the
physical-chemical form of the transported material. Dr. W.N. Lennard of
the Solid State Science Branch, using a proton-induced x-ray emission
technique (PIXE), has examined the particles released from a Pu-spiked
soil column. This .technique provides information on the elemental
composition and size of the part iculate material.

For PIXE analysis the part ic les were deposited on 0.4 m Nucleopore
f i l t e r s then bombarded with a 1 MeV 1 H + beam. The characteristic
x-rays emitted by the various elements were detected using a Si(Li)
x-ray detector. The yield of backscattered protons was simultaneously
measured. Spectra taken at several points on the same sample have shown
that al l principal elements were uniformly distr ibuted within ±10%.
From the observed absolute x-ray and backscattered proton yields the
areal density for elements with 12<*<26 has been deduced, using the
assumptions, consistent with the width of the backscattered peaks, that
the total number of atoms is small and that matrix self-absorption
effects are negl ig ib le. The backscattering peaks indicate the presence
of i r regular ly shaped deposits containing primarily A l , S i , and Fe, with
a mean l inear dimension of approximately 0.1^m for a l l three elements.
These results were obtained on samples eluted from the column under
strongly reducing conditions. Further analyses are planned on part icles
released under oxidizing conditions.

Studies are currently in progress to determine whether the
particulate material has an organic component as we l l . Since bacteria
are thought to have a role in the formation of the mobile radio-colloids
or -part ic les there is some potential for organic involvement. Both the
Organic Carbon Analyzer and the scanning Auger Electron Microscope, of
the System Materials Branch, are being employed to look for evidence to
support th is idea.

Analysis of the physical-chemical form of the radionuclides w i l l
help to elucidate the reasons for the different elut ion behaviour of Pu
and Am noted previously (PR-HS-11, Section 3.3.2).
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Groundwater Contaminant Behaviour in Discharge Zones - D.R. Lee and
J. Gelfand

A method and a field site were tested for future studies on
groundwater-contaminant behaviour in sandy discharge environments. A
nylon screen (2 m long, 0.7 m high, and 5 mm thick) was used to create
a NaCl-tracer plume in a shallow groundwater zone. The screen was
placed across the groundwater flow field approximately normal to the
prevailing direction of groundwater flow. The water flowpath was into
the ground on one side of the screen, through the screen, to the
surface from the other side of the screen, through a peristaltic pump
and then back into the screen. Under relatively stable natural
groundwater flow conditions, the tracer was introduced continuously
through the injection tee and into the pumping circuit. The intended
cross-sectional shape was a rectangularly shaped tracer plume, 2 m wide
and 0.7 m high, downgradient of the screen. The thickness of the plume
in the direction of flow would depend on the groundwater speed and the
length of time the tracer was injected. Sampling points were used to
map the position and to record the migration of the plume.

Tracer injection for 25 days produced a 4.5 m long plume under a
groundwater flow of 0.18 m-d"*. The plume was monitored for a total of
65 days using 217 sampling points placed in the ground 0.5 to 5 m apart
in the horizontal direction and 0.25 m apart in the vertical direction.
Flow was predominantly horizontal. The plume was 0.5 m high on one end
and 1.3 m high on the other end, i.e., somewhat wedge-shaped. We
believe that this was a result of the input/output pressure
distribution in and around the injection/withdrawal sides of the
screen.

Organic Contaminant Migration in Groundwater Discharges - D.R. Lee and
S. Winters

The contaminant plume emanating from the North Bay municipal
landfill, like the plumes from many other landfills, is a potential
source of hazardous chemicals for nearby surface waters. We have now
installed two 60-cm long, 20-cm diameter columns in the groundwater
discharge zone below this landfill. It seems likely that the large
cross section of these columns will allow-pressure-sensitive chemical
sampling (i.e., sampling for volatile organic solutes) under positive
head conditions. This should improve the quality of the samples to be
collected and analyzed in the following months. We are specifically
interested in the possible attenuation of contaminants: 1) at the
point of discharge to the surface, =*.nd 2) in the overland flow (stream
flow) withiv 100 m of the discharge.
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3.3.3 AQUATIC RADI0EC0L06Y

Uptake of Radionuclides by Freshwater Clams - J.W. McMahon,
A.E. Docherty and V. Corriveau

Studies were continued on the removal of radioactive particles
from water by the freshwater clam (El l ipt ic; compianatus) and thei r
subsequent deposition, as contaminated biodeposits, onto lake sediments.
Considerable attention was directed to revaluating the experimental
procedure and handling techniques used in the clam feeding experiments.
Unexplained va r iab i l i t y in f i l t e r i n g rates of clams used in replicate
experiments prompted this reassessment. Studies revealed that the
f i l t e r i ng rate increased s igni f icant ly and were more consistent between
experiments when the acclimation or "sett l ing down" period was extended
from four hours to 17 (overnight) and the clams were provided with a
sand substrate.

Deposition studies, carried out under controlled f ie ld
conditions, i n 350 L tanks, required an i n i t i a l packing of the clam's
gut with 5*Fe-labelled algae ce l l s . At a cell concentration of
5xl(T cells»mL~l th is required a feeding time of approximately 90
minutes. Labelled cells were then removed from the surrounding water
and replaced with non-radioactive algae cells at the same concentration.
The rate of .loss (defecation) of 5*Fe cells was determined by
sampling clams at predetermined time intervals.

The 59pe content of water and sediment samples was also
determined. Over a 16 hour period the clams lost 90% of their or iginal
body burden through defecation. None of the organically bound ^Fe
appeared as suspended material in the water samples. Analyses of
sediment cores revealed that a l l the "Fe- label led material was
deposited on the sediment as clam faeces. Similar findings were
obtained in a replicate experiment.

Attempts to date to f ind a suitable open f i e l d site using CRNL
contaminated surface waters, such as the Process Sewer outfal l or Perch
Creek, which would provide adequate radioactive particulate material for
a short-term study with clams have not yet been successful.

Nuclide Concentrations in Freshwaters - R.J. Cornett, L. Chant,
C. Boulay and P. Procure

Once a nuclide is discharged into a lake or r iver the amount of
the nuclide remaining in the water w i l l be determined by the difference
between the input and the two outputs - sedimentation and flushing
through the outflow. There have been very few estimates of the rate
that a nuclide is deposited in the lake sediments. Limnologists have
assumed that the sedimentation rate coefficient is independent of the
hydrologic flushing rate of the lake. This assumption can be tested by
determining the fractional rates of sedimentation of 239,240pu> 90sr and
137Cs added to lakes by the fa l lout from atmospheric weapons tes t ing.
During the past f ive months, 50 cores of lake sediment were collected
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from eight lakes wittl different mean depths (z) in the CRNL area. To
date the mass of 13?cs has been measured in the cores from three lakes.
Assuming that l"c s accumulates over the entire lake bottom, the amount
of activity stored in the lake sediments is estimated to be 2015±701(la)
Bq.m-2 in Jerry lake (z = 12.3 m ) , 1110±482 Bq.m-2 in Currie lake ( 2 = 8
m) and 825+482 Bq-m"2 in Upper Bass lake (z = 4 rn). This preliminary
analysis supports the hypothesis that the 13'Cs burden in the sediments
is proportional to (i). In the next quarter sediment cores from the
other lakes will be analyzed. The amount of 137Cs in the water column
of the lakes will also be measured. Then the fractional rates of
sedimentation can be calculated.

There are at least two possible mechanisms by which a nuclide may
be sedimented. An ion may adsorb onto a particle in the water and then
fall to the sediments. Alternatively, the nuclide may exchange
directly with the surficial sediments. In the previous quarter we
presented results that suggested the second mechanism - direct sediment
adsorption - could be the most significant mechanism of sedimenting
"'Cs. To test this hypothesis methods of measuring the total cation
exchange capacity and the Cs exchange capacity of lake sediments were
developed. If direct exchange is important, we predicted that the mas5
of 137Cs in individual sediment cores from one lake should be
proportional to the total cation exchange capacity (CEC) and Cs
exchange capacities of the core. The total CEC was measured by
saturating the sediments with Na, washing excess Na into solution and
then exchanging the remaining Na for NH|. Then the Na in solution was
measured. In the two lakes studied there was no predictive relationship
between the mass of 137cs in a core and the CEC of the core.

The ability of the sediments from individual cores to adsorb Cs
was also estimated by measuring the amount of 134cs exchanged with the
sediments when small subsamples of each core were equilibrated with a
lake water solution containing 1 3 4 Q S # After 16 hours, steady state
concentrations were observed. The concentration of 134r,s in the
aqueous and solid fractions was determined by Y counting. In the two
lakes studied there was no correlation between the mass of 137Cs in a
core and the amount of 134cs adsorbed in the laboratory tests. These
results suggest that it will not be possible to estimate the amount of
Cs retained in the sediments of lakes using simple laboratory testing
procedures.

Recycling of Radionuciides in Lake Ecosystems - I.L. Ophel and
J.M. Judd

The hypothesis that trace metal accumulation by fish in
oligotrophic lakes is greater because of trace metal availability due to
Insufficiency of dissolved organics to complex the metal can be tested,
for cobalt, by comparison of concentration factors for fish from
Maskinonge Lake (oligotrophic), Perch Lake (dystrophic) and Ottawa River
(oligotrophic with high organic content).

Zeeman atomic absorption spectrophotometry has been selected as a
suitable method for stable cobalt analysis of environmental samples.
Preliminary tests using a modified Massmann-type graphite sample holder
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indicate that levels of 0.1 ng Co (in 10 uL) can be reliably analyzed
with a coefficient of variation of 2.4% for repetitive samples. This
wi l l require 100:1 preconcentration of lake water samples by solvent
extraction for analysis, but no preconcentration of biota and sediment
extracts wi l l be needed at the anticipated cobalt contents.

Radionuclide Cycling in Plants - S-R. Gentner

Work on a l i terature review of radionuclide uptake by plants is
continuing. Two-hundred and f i f teen primary references have been
reviewed, and more than 1,700 annotated secondary references have been
collected. The review has been expanded to include uptake from sea
water as well as uptake by non-vascular plants (algae, mosses, lichens,
fungi, e tc . ) . The collection of references is reasonably complete prior
to 1979, and emphasis is being placed on the period 1979-1982.
Incorporation of these primary references into a data base is being
considered.

3.3.4 APPLICATION OF NUCLEAR TECHNIQUES .

234U/238y Activity Ratios - G.M. Milton and R.M. Brown

A sequential extraction procedure outlined by Cooper, Stanney and
Williams for radionuclide speciation in sediments and soils (1) was
applied to several WN1 fracture i n - f i l l i ng materials. Unfortunately
most of the uranium adsorbed on iron oxides was desorbed by the extended
exposure to sodium acetate (pH5) required for dissolution of calci te.
Consequently i t was not possible to measure the individual ratios of
234(j t 0 238u (A .R . ) associated with these two materials in situations
where they coexist. However, in two cases where calcite and iron oxide
could be analyzed separately (Table 3.3.4) i t was noted that:

1) U act iv i ty ratios in calcite are closer to those in present day
water samples at this depth (A.R. = 3.0) than are those in the iron
oxides at similar depths.

2) The change in A.R. with depth is considerably less for the calcites
than for the iron oxides.

Filling

Calcite

Iron Oxide

Table 3.3.4

2

1

48

.4

.9

Depth

m

± .1 2

± .04 1

133

.2 ±

.4 ±

m

.1

.05

Ref.
T.ARL/TRO39 - An Investigation of the Speciation of Radionuclides in

Sediments and Soils by M.B. Cooper, K.A. Stanney, and G.A.
Williams.
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These measurements tend to reinforce the suggestion that lowered
activity ratios in the iron oxide could result from recoil of U-234
from the surface into flowing groundwater.

A study has been started of uranium activity ratios in several of
the boreholes drilled by D.R. Lee in CRNL discharge zones. The data
collected so far (Table 3.3.4A) bear out previous statements that where
uranium concentrations are moderate to high (>1 ng'L" 1), relatively low
and steady activity ratios prevail, but at very low concentrations
considerably higher A.R.'s are seen.

Hole

CR22

CR22

CR20

CR20

Table 3.3.4A

Depth (m)

16-19

52-55

42-45

45-48

U Content
(pg-L-1)

2.3

2.1

.20

.32

A.R.

2.7 ± .05

2.9 ± .03

6.1 ± .2

3.9 ± .2

Five more samples currently being analyzed, from shallower zones
at CR20, may provide more detailed information on A.R. increases in the
direction of flow. Efforts are being made to include Ra recovery in
the analytical method with the objective of estimating the ages of
these groundwaters from Ra-226/U-238 ratios.

The use of alpha-particle sensitive polymeric detector, CR39, as a
means of locating the sites of radioactive deposits on fracture
surfaces has been investigated. Squares of the plastic detector were
taped to marked areas of the fracture surface for 1- to 3-hour exposure
periods. After development of the alpha tracks by KOH and electrolytic
leaching performed by A. Arneja of the Health Physics Branch, "hot
spots" on the surface could be identified by replacing squares on the
exposed areas. Sufficient tracks for locating sites were obtained with
only one-hour exposures. Without further refinement of the technique
estimation of the total activity in this way is difficult because we do
not know how the activity is distributed in the surface layers and
because of the roughness of the surfaces.

Flow Measurements using Radiotracers - E.L. Cooper and D.E. Clegg

Development of the technique for using radiotracers for flow
measurements has continued during the past quarter. A test facility for
measurements of gas flow has been installed in Building 456 at CRNL. We
will be using a radioactive tracer to measure the flow of air in a
nominal 3 inch I.D. pipe under various flow conditions.
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We have also been developing further instrumentation for flow
measurements. In particular, we have recently designed an injector for
measuring the flow of liquid hydrocarbons. This injector uses labelled
CH^Br dissolved in diesel oil. We are currently planning to test this
injector on one of the fuel oil lines in the power house at CRNL.

3.3.5 APPLICATION OF NUCLEAR FACILITIES

Aquaculture of Freshwater Organisms - J.W. McMahon and A.E. Docherty

Field studies on the combined effect of low grade heat (22±0.5°C)
and nutrient enrichment on the growth of the alga Scenedesmus bijugatus
were continued. The maximum daily growth rate for this species, using
Maskinonge Lake water, was achieved using nutrient additions of
phosphorous at 80 ug*L~l and nitrogen at 600 yg«L"l. The extended photo-
period during the summer had no apparent effect on growth rate.
However, light does appear to be a limiting factor as population density
increases in the 200 L culture bags.

A review of the aquaculture literature has started with the
objective of assessing the current practicality of such techniques in
the Canadian climate; in particular the incorporation of the part of the
foodchain we have studied into an aquaculture scheme.

3.4 ASSESSMENT

3.4.1 MODELLING

Dispersion of Accidental Releases of Radionuclides to the Atmosphere
at CRNL - E. Robertson and F.C. Brown

Several problems have arisen in the Perch Lake meteorological data
acquisition system since its installation in June, 1982. The system
includes a chart recorder, a signal adaptor and a digital multipoint
recorder that is programmed to convert millivolt signals for display in
appropriate engineering units.

An electronic board in the signal adaptor was damaged by lightning
early in the quarter. The problem was temporarily corrected by
Electrical, Instrument & Power Branch and, for the following month,
instantaneous values of wind speed and directions, and air temperatures
at four levels were printed every six minutes.

In mid August, surge eliminators that should prevent further
lightning damage, and a mathematics module (Math PaC) were installed.
With the Math Pac, the digital recorder can b? programmed to print
average, maximum and minimum values and to calculate standard deviations
for specified time intervals. These operations are needed to determine
wind direction fluctuations. However, because of programming
limitations, a range extender board is still needed to average north
winds correctly (i.e., 360° - 0°).

At the end of the quarter, routine quality control procedures
revealed that the digital recorder output no longer agreed with the
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chart recorder output, and that previously the digital recording had
been giving anomalously low minimum values although instantaneous and
ten minute average values seemed to agree with the chart recorder
output. After correcting a wiring fault the signal adaptor was again
calibrated for wind direction. The digital recorder is presently
printing instantaneous, average, maximum and minimum values and standard
deviations of the wind direction every 10 minutes. Outputs are checked
each day.

The summer's experience again shows the value of a chart recorder
as a backup to digital outputs and the necessity of constant vigilance
by experienced persons.

In the event of an accident it will be important to have all
meteorological data from both Building 456 and the Perch Lake Tower
available at both Perch Lake and Building 513. Work has begun to enable
the transmission of the wind speed and direction signals from Building
456 to the Perch Lake data acquisition system, and then to return all
data to a computer terminal in Building 513.

Computer Model Development - G.L. Moltyaner

Migration of radionuclides through groundwater flow system is
presently modelled by using groundwater flow and advection-dispersion
equations. The latter can be modified to account for various
solid-solution reactions through a distribution coefficient concept.

In most applications to date, it is assumed that changes in a
radionuclide concentration do not affect the flow system. This allows
us to solve first the groundwater flow equation, then to use the
velocity distribution as input for the transport equation. These
coupled equations are solved by a numerical technique. The movement of
the radionuclide through flow system is evaluated then by calculating
the concentration distribution using computer codes based on the chosen
numerical technique. Based upon stated assumptions, the two-dimensional
finite element code for the solution of coupled flow and solute
transport equations has been implemented on the CDC-6600.

The evaluation of the computer code, by application to the existing
plume arising from the nitrate plant, has been started.

The first step in the application is calibration of the groundwater
flow model by adjusting the hydraulic conductivity values and fluxes at
boundaries until the model simulates the observed heads. The simulation
of the local flow field near the nitrate plant showed some differences
between observed and computed data. As a result of the modelling
analysis so far I have suggested that two more boreholes should be
installed in the downgradient direction in order to improve hydraulic
head data.

The second step is the calibration of the transport part of the
model by adjusting dispersivities and porosity until the model simulates
the observed concentration. Initial work has begun on calibrating the
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model. The completion of this step is delayed until detailed mapping of
the 90Sr plume has been completed.

While there undoubtedly is a need for detailed models for use in a
specific site estimation, as with the model described above, there also
is a need for simplified models for use in a regional scale.

The need exists for mathematical models which combine, to a certain
extent, the advantages of numerical technique and simplicity of
analytical solution. The primary criteria in developing such models are
that they: should be relatively easy to use; should not require large
amounts of computer time and input information; and, what is the most
important thing, should give reasonable estimates. The exact analytical
solutions meet these conditions. However, in some cases, as, for
example, for two-dimensional groundwater flow in an unconfined aquifer,
the analytical solution will not lead to a desirable result because of
fairly restrictive simplifying assumptions. This is one of the
situations where the new approximate analytical technique that I have
been developing at CRNL can be used. The ability of the approximate
analytical models to simulate groundwater flow and radionuclide
transport conditions in an unconfined aquifer was examined by comparison
with the finite element modelling and/or the one-dimensional analytical
solutions. Reasonable agreement between the results has been observed.
Greater computational efficiency and easier physical interpretation,
compared with the other methods, should provide the basis for its
further applications.

The advection-dispersion models cannot be expected to reproduce
perfectly the complexity of field situations, partly because of the
problem associated with measuring dispersivity. The main difficulty
arises, however, because of uncertainties over its physical definition.
The longitudinal and transverse dispersivities are generally assumed to
be unknown initially, values being determined during calibration of the
model.

In order to improve our understanding of these parameters, detailed
field determinations of dispersivity will be performed in the sandy
aquifer near the Twin Lakes at CRNL. The dispersion studies will
initially involve the non-reactive field tracer test. The dispersivity
values will be obtained from the modelling of field test results. The
mathematical models for these tests are being developed.

Tracer Test Site - R.W.D. Killey and J.H. Munch

By early August, another nine continuously cored boreholes had been
logged, sampled and instrumented, and by mid-August hydrogeologic
analyses were completed. All of these holes were in a 40 m x 100 m area
adjacent to the northwest corner of Twin Lake (Figure 3.2). With the
assistance during the summer of Diane My rand we have now completed 85
permeameter tests, 35 single-well response tests, over 130 hydraulic
conductivity estimations from grain size distribution analyses, and nine
borehole dilution tests (with simultaneous measurement of local
hydraulic gradient). All of this testing was undertaken to provide
hydraulic conductivity distributions in the experimental area. Mean



- 41 -

vertical hydraulic conductivity is 40 vnn-s"1, with a standard deviation
of ±20 viiws-1 and an approximately log-normal distribution. Results of
the single well response and grain size estimation, which are dominated
by horizontal hydraulic conductivity, average ^ O u m ' S " 1 . Horizontal
hydraulic conductivity from the borehole dilution tests averages
130 um-s"1 ranging from 56 to 180 wra-s"1. No spatial trends in
hydraulic conductivity could be defined by any of the measurements,
although geologically a sequence of wind-blown sand overlying two
water-lain sand units was defined by the borehole samples and pulsed
radar profiling.

During the latter half of August and the first half of September,
33 boreholes were drilled on a 7 m x 20 m grid downgradient of a fully
screened well selected for tracer injection. Each was instrumented with
a dry access tube extending to bedrock and multi-level piezometers
screened at 1 m intervals through the zone of saturation. On September
20, (with the assistance of E.L. Cooper and D.E. Clegg) 2.8 GBq (75 mCi)
of 131j was metered into 5.5 m3 of local groundwater injected into the
fully screened well over a 6.5 h period. Since then, we have been
compiling data on the distribution of 1 3 1I as it is transported under
natural groundwater flow conditions downgradient of the injection well.
Results to date have shown separation of the tracer into three plumes
travelling at different velocities; the most prominent feature is a high
velocity (1.7 m-d"*) zone approximately 30 cm thick that does not
correspond with any of the areally extensive features defined by the
borehole logging and pulsed radar profiling.

Deriving Release Limits - I.L. Ophel

A working group is preparing a document "Guidelines of Deriving
Release Limits of Radioactivity in Gaseous and Liquid Effluents" for the
Canadian Standards Association. The revised second draft is still
awaiting working group and CSA approval before publication as CSA
Standard N283.1.

Development of Water Quality Criteria for the Aquatic Environment - I.L.
Ophel

A Panel, appointed by the National Research Council of Canada
Associate Committee on Scientific Criteria for Environmental Quality and
chaired by I.L. Ophel, has as its objectives: (1) to review the
available literature on radioactivity in the Canadian aquatic
environment; (2) to develop water quality criteria for the protection of
the aquatic environment. The final draft of the document is presently
being reviewed for the Associate Committee by outside experts.

Uranium Mill Tailings Management - R.V. Osborne

The first complete draft of a report has been completed by the
Expert Group for the Nuclear Energy Agency (NEA) of OECD that is
examining the applicability of the ICRP system of dose limitation to the
management of uranium mill tailings (see PR-HS-12). The main
conclusions remain as noted before, namely, that although some ways of
managing the tailings ay clearly very expensive in relation to common
valuations of the benefits obtained, the distinctions between many
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ways on the basis of radiological considerations are not very clear.
Such considerations are seen as providing only one of several inputs
into the final decision at any particular site. The report is now being
reviewed by the group.

Objectives for Managing Long-Lived Radioactive Wastes - R.V. Osborne

Another NEA Group, with R.V. Osborne as a member, is trying to
reach some agreement as to the practical and reasonable ways of solving
the difficulties that arise in applying the ICRP system of dose
limitation to long-lived radioactive wastes. Such difficulties have
been highlighted by the study noted in the previous section, and also by
a similar study of gaseous effluents from nuclear facilities (see
PR-HS-6). One possible area of agreement is that the integration of
collective dose in time can reasonably be limited to at most the order
of 10^a, reflecting the uncertainty inherent in such estimations. The
report of the group should be completed next year.

3.4.2 SITE STUDIES

Perch Lake Basin Hydrology - P.J. Barry

The analysis of 600 samples of groundwater collected in the Perch
Lake Swamp continues. About 300 samples have so far been analyzed for
major anions.

Perch Lake Swamp Survey - R.W.D. Killey, P.C. Jay and J.H. Munch

During the summer two more complete sets of ̂ H analyses of
groundwaters from all of the sampling points have been completed.
Results show some minor variations with time, but indicate that lateral
variations in ^ H concentrations are much less than vertical variations,
confirming that there is minimal vertical dispersion of the
contaminants.

Tritium analysis of daily water samples from Perch Lake Outlet,
Perch Lake Weir, Nos. 1 and 2 inlets, Main Stream, T-16, East Swamp
Stream and the Army Road Culvert were continued during this period. It
was confirmed that the tritium content of water sampled at the Army Road
Culvert (20 kBq'L"*) was three times the concentration of water sampled
at Perch Lake Outlet (upstream from the Army Road Culvert). This higher
tritium concentration is due to discharge from an underground spring
that joins Perch Lake Outlet effluent downstream from Perch Lake Outlet
weir. This spring was discovered when the creek from Perch Lake outlet
to the Army Road Culvert was dredged to clear debris that was
obstructing natural water flow from Perch Lake.

Stream gauging of Perch Creek in early July allowed us to calculate
that the contaminated groundwater from the deep medium sand aquifer (now
believed to be a buried esker, or sub-glacial stream, deposit) into
Perch Creek was flowing at 3.1 L-s"1. From measurements of JH
concentration at that time, the spring would release about 4.8 TBq (130
Ci) of tritium per year. Visual observations of the spring indicate
that the discharge rate is fairly constant; further testing will be
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undertaken this Fall. Six additional boreholes drilled near the spring
have shown a very complex configuration of the medium sand aquifer; the
spring is located where the confining clayey silt pinches out as the
underlying till surface rises to within 3 m of the bed of Perch Creek.
Because of the great spatial heterogeneity and limited available
drilling time, no successful borehole dilution tests were completed.

Nitrate Plant Plume - R.W.D. Killey and J.H. Munch

Four more continuously cored boreholes were completed and
instrumented with multi-level piezometers up- and down-gradient of the
90Sr plume. Two borehole dilution tests were performed and
permeameter and grain size analyses were carried out on undisturbed
core samples. Detailed sampling of the subsurface distribution of
90Sr will begin in October.

Glass Block Plume - B.A. Risto

Groundwater samples were collected through last year until
freeze-up from the experimental 1960 glass block disposal area.
Analyses for '"Sr have continued through the quarter.

Reactor 1 4C in the CRNL Environment - C. Selkirk, W.J. Workman and
R.M. Brown .

A study of the l^C content of atmospheric C02» tree leaves and
annual grasses on CRNL property is underway. The sampling and
analytical techniques mentioned in the last Progress Report (PR-HS-12)
have proved satisfactory and have given good sensitivity and
reproducibility.

Vegetation samples (5 to 6 g) are dried in an air oven, combusted
in a high pressure O2 bomb (Parr Instrument Co.) and the combustion
gases and excess 0? passed through three molar NaOH solution to trap
the COo^ This Na0H-Na2C03 solution, or one obtained by absorption of
atmospheric CO2 in NaOH, is acidified to release the CO2 which is
collected in a polyethylene bag. The sample bag is then attached to a
graduated cylinder containing 13 g of Carbosorb (Packard Instrument Co.)
which absorbs CO? to about 90% saturation within an hour. The amount
of COj absorbed is determined by weight gain, and then 10 g of
scintillator solution (Permaflow V, Packard Instrument Co.) and 0.5 g
methanol are added and 21 g of the mixture transferred to a plastic vial
for liquid scintillation counting. The vial will contain 0.7±0.05 g
carbon. Fresh background samples are prepared from l^c-free CO2 with
each batch of samples. In our low level counter the background count
rate in the i qC energy range is 10.2±0.2 min"1. After measurement,
counting efficiency is determined by the addition of a known amount of
toluene - ^ C spike. Counting efficiency has been stable, (78.6±1.3)%
over 100 measurements, showing little sensitivity to weight of carbon
absorbed (down to 0.5 g carbon) or exposure to air during aliquoting of
the counting solution.
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For a 200 minute counting period, a standard deviation of ±5
percent modern Carbon (pmC)* is obtained. As well as being suitable for
measurement of present-day environmental levels, the technique is
potentially useful for dating groundwaters where high precision is not
required, e.g. 20,000±4,000 years. It is recognized that there will be
isotopic fractionation at several points in the procedure since CO2
absorptions and releases are not taken to completion but this effect is
seemingly reproducible and not large enough to introduce serious errors
in the context of a survey of reactor carbon-14 in the environment. Its
magnitude will be investigated to allow data to be corrected.

Table 3.4.2 presents some data obtained to date. The present-day
global level of atmospheric ^C02 is about 130 pmC reflecting residual
" C from nuclear weapons tests in the atmosphere. The somewhat low
values measured for samples from 84 km distance from CRNL may be an
indication of the degree of isotopic fractionation in our procedure.

Atmospheric CO2 samples collected over two week periods showed
considerable temporal fluctuations due to varying wind direction.
Vegetation serves as an integrating sampler of atmospheric COg-
Analysis of a more extensive sampling of annual grasses made in
September will provide concentration contours over the CRNL property.

* 100 pmC = 0.226 Bq-g"1 carbon = natural 14C content of 1950 wood.
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Survey of Radioactivity in Mammals Living Near CRNL Waste Management
Areas - E.L. Cooper, A.F. Fuciareili, G. Lahaie

The survey of radioactivity in small mammals which was started in
the summer of 1981 was continued this summer. Small rodents were again
trapped at sites near some of the CRNL Waste Management Areas. The
specimens were dissected, wet ashed, and analyzed for total beta
activity. In addition, selected samples have been analyzed
radiochemically for *0Sr. The samples are currently being analyzed for
gamma activities.

This quarter we also began the analysis of samples of beaver flesh
and bone which had been collected at CRNL over a period of several
years. These samples have been dry ashed at 450°C and sources have been
prepared for the determination of total beta activity. Selected samples
have also been analyzed radiochemically for 90Sr. The analysis of gamma
activities in these samples is continuing as time on the gamma
spectrometers becomes available.
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3.5 ANALYSIS AND MONITORING

3.5.1 INSTRUMENT AND METHODS

Zeeman Atomic Absorption Spectroscopy - J.M. Judd

Instrumental conditions for analysis of trace metal content of
environmental samples have now been fully assessed. As an example,
1 ng Co can be directly determined with a variance of 2.4%. This is
similar to that reported previously for Cu and Pb. It appears that the
major source of variance is not instrumental but inconsistencies of
sample injection into the furnace. The Zeeman A/A spectrometer is now
being used for determinations of Cu, Co, Pb, Ni, Zn, Fe, Mn and Cd
content of surface water samples for the various Branch programs.

Ion Chromatography - P. Jay and J.M. Judd

The ion chromatograph has run unattended more or less continuously
since the last report. During this time the common anion content of
approximately 2,000 samples and standards have been determined. Apart
from routine groundwater and precipitation samples we have also run
many samples to investigate possible interferences with anion analysis.
We have found that concentrations of Cl" in the sample up to 1,000 ppm
(1 g'L"1) do not affect the determination of F", NO3, P03£, and SO4.
Also that known anion additions to environmental samples can be recorded
with similar precision to standards, indicating that the sample matrices
that we have investigated do not interfere with anion analysis. We are,
at present, looking into an unexplained increase in the chromatographic
retention time (RT) of NO3 in certain water samples. This increased RT
may possibly be due to complexation of the NO3 ion with an organic
fraction that later breaks down on the column, thus in effect delaying
the N03 injection time and thereby increasing retention.

Kim Cundari, Co-op student from Canadore College, North Bay, is
being instructed in the use of ion chromatography for routine chemical
analysis.

Carbon Analyzer Operation - J.L. Young and D.R. Champ

The Oceanography International Total Carbon Analyzer was
retrofitted with a Horiba IR unit during the past quarter, ending
approximately one year of inoperability. The unit was purchased by R.E.
Jackson of the National Hydrology Research Institute, Ottawa, to aid,
primarily, our joint studies on the role of natural and synthetic
crganics in contaminant transport or retardation.

The performance characteristics of the retrofitted analyzer have
been tested for analysis of sedimentary organic carbon and dissolved
organic carbon, as well inorganic carbon. The new unit is vastly
superior to our previous system and is capable of operating over a very
wide concentration range. For our own studies two operational ranges of
sensitivity have been chosen. For sedimentary organic carbon the
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operational range is approximately 0.025 mg to 2.5 mg total organic
carbon. The concentration range for analysis of dissolved organic
carbon is approximately 0.05 to 5.0 mg»L"'L organic carbon.

Since placing the system back in operation we have prepared and
analyzed well over a hundred samples, as well as many standards, and
test samples for our storage and test methods. Sedimentary organic
carbon, dissolved organic carbon and inorganic carbon have been measured
for research programs in Perch Lake Basin, Gloucester toxic waste s i t e ,
North Bay Landfi l l s i t e , and at the CRNL boreholes.

Field Fac i l i t ies - B.A. Risto

The Main Stream weir was raised 20 cm to provide an adequate water
drop across the weir plate during periods of high f low. Repairs were
completed on a l l the other weirs along with si te brushing and upgrading.
We have been advised that the weirs at Inlet No. 2 and the Outlet w i l l
have to be replaced as the structures, after 15 years, are
deteriorating. Negotiations continue for instal lat ions at f ive other
locations. Cost estimtes have been obtained and a p r io r i t y l i s t for
insta l la t ion established.

3.5.2 RADIOLOGICAL MONITORING RESULTS

Gamma Exposure Rates near CRNL - E.L. Cooper, G. Lahaie, D.E. Clegg
and L.A. Mask

TLD's placed at the perimeter of the CRNL exclusion area (see
Figure 3.2) are used to measure quarterly exposures that are the sum of
contributions from CRNL and natural gamma radiat ion. The exposure rates
averaged over the last quarter and the last two calendar years are given
in Table 3.5.2A.
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Table 3.5.2A. Gamma Exposure Rates1 in Public Areas: Second
Quarter 1982. ( j i R V 1 )

Location
(See Fig. 3.2)

1
2
3
4
5
6
7
8

13
Harrington Bay*

Deep River

Second Quarter
1982

12
6.0
4.2
6.9
4.6
5.1
5.1
8.8

5
7.1
6.5

1981
Average

10.5
4.1
2.5
4.1
2.8
3.4
4.0
7 - 1 ,
7 . 1 *
6.0
4.9

1980
Average

10.9
6.0
4.2
6.3
5.1
4.4
5.0
7.8

10.73
6.8
4.9

''-Natural background (excluding cosmic radiation) and airborne
contamination from CRNLv

2Harrington Bay, P.Q., 11 km east from plant stack.

3 3 October 1979 to 7 October 1980.

4 7 October 1980 to 9 October 1981.

^Measurement lost when TLD was read.

*1 R = 2.58x10-4 C k g - 1 .

GammaExposure Rates at CRNL - E.L. Cooper, G. Lahaie, D.E. Clegg and
L.A. Mask

Shielded (indoor) and unshielded (outdoor) gamma ray exposure rates
in the CRNL exclusion area are given in Table 3.5.2B. The reduction in
exposure rates observed in Building 513 is due to shielding from 35 cm
of concrete in the floors above the detector.
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Table 3.5.2B. Gamma Exposure Rates1 in Exclusion Area:
Second Quarter 1982. (uR'lT1)

Location
(Fig. 3.2)

9
2

10 (office)

11

163

1982
Second Quarter

33

19

1.4

13

1981
Average

34.5

12.9

12.8

10.9

1980
Average

31.0

13.0

12.0

11.2

^Natural background (excluding cosmic radiation) and airborne
contamination from CRNL.

2First f loor of f ice in Building 513. Shielding factor for the
4*Ar gamma radiation is <\il2. Background in the room due to brick
and concrete construction materials is 13 pR-h~l

30ff ice in CRNL cafeteria.

*1 R = 2.58xl0"4 C kg"1 .

Radionuclides in Precipitation and the Ottawa River - E.L. Cooper,
D.E. Clegg, G. Lahaie, L.A. Mask and H.M. McLaughlin

Precipitation samples collected at Deep River were analyzed
radiochemically for "^Sr and spectrometrically for ^ C 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, t r i t i um and 90sr. The
results are shown in Figure 3.5.2A.

Radionuclides in Surface Water - 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 Figure 3.2). Most samples
were combined and analyzed monthly for ^H as well as quarterly for
gamma-emitting radionuclides and g oSr. Strontium-90, 60Co and
3H are s t i l l the main contaminants in the Perch Lake basin.

Radionuclides in Liquid Effluents - E.L. Cooper, D.E. Clegg,
G. Lahaie, L.A. Mask and H.M. McLaughlin

At CRNL, three l iqu id eff luent streams discharge radionuclides to
the Ottawa River from the inner area. They are the Process and
Sanitary Sewers plus the 04 Storm Sewer combined with 04A seepage. Each
of these is sampled regularly and analyzed for individual nuclides.
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Also sampled regularly are Perch Creek, which drains Perch Lake and the
Waste Management Areas A and B and which flows into the Ottawa River,
and Duke Stream, which drains Waste Management Area C and flows into
Maskinonge Lake.

The mean dai ly releases from the Process Sewer are given in Table
3.5.2C for the second quarter of 1982. Most of the radionuclides are
measured by gamma ray spectrometry. Other releases are shown in Figure
3.5.2B. The dai ly releases have been calculated from the measured flow
rates and radionuclide concentrations in individual streams. Since
1980, the plutonium discharges have been expressed in terms of ac t i v i t y
per day rather than mass per day. Since we do not distinguish 239pu
from240pu and the two isotopes have dif ferent ha l f - l i ves , this is
a more meaningful expression; the values for plutonium therefore
represent 239pu plus 240pu. For comparison with previous release rates
the conversion factor is 1 mCi (37 MBq) = 16.3 mg for " 9 p u .

The t r i t i um concentrations, determined by l iqu id sc in t i l l a t ion
counting, are summarized in Table 3.5.2D, together with the act iv i t ies
released during the second quarter of 1982.

These surveys of l iquid eff luents have shown that in al l cases the
radioactivity released either d i rec t ly or indirect ly to the Ottawa River
has been less than 1% of the Derived Release Limited (DRL). Thus no
signif icant effect on the environment resulting from operations at CRNL
has been detected.
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Table 3.5.2C. Mean Daily Releases from the Process Sewer:
Second Quarter 1982.

Daily Release*
Radionuclides MBq-d"1

9 0Sr 26

137Cs 29

!^Ce 86

106Ru < 32

140Ba 120

1 3 1 I 100

239Np 920

9 5Zr 150

54Mn . 200

46Sc 270

5 9Fe 350

6 5Zn 270

6 0 Co 280

* Values rounded to two s i g n i f i c a n t f i gu res . (1 MBq = 27 nCi ) .

**DRL = Derived Release L i m i t . DRL values have been calculated from
the DRL's given in AECL-7243.

Percent of
DRL**

5.

3.

3.

<1.

7.

2.

9.

8,

1,

2

3,

8

1

7x10-4

0x10-2

9x10-4

7x10-4

6xlO"5

.2xlO"3

,lxlO"5

.0x10-5

,9x10-4

.0x10-4

.4x10-4

.7xl0"3

.9x10-2
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Table 3.5.2D. Tritium Releases from the Exclusion Area:
Second Quarter 1982.

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

(1 MBq = 27 yCl)

Concentration
MBq-nr3

3.2

2.3

12

12

250

Quarterly Release
GBq

3.8xlO4

150

1.9xlO3

7.6xlO3

5.2xlO3

Percent of
DRL*

4.4xlO"2

1.5xlO"4

2.2xlO"3

8.9xlO'3

5.8xlO~3

*DRL = Derived Release Limit. DRL values per Quarter have been
calculated from the DRL's given in AECL-7243.

41Ar in the CRNL Stack Effluent Argon - D.P. Wildsmith and G. Lahaie

Periodic sampling and measurement of the ^A r released from
the main reactor stack continues. These results provide a calibration
for our continuous ^ A r monitor on the stack. The rate of release
of 41Ar depends on the power levels of NRX and NRU. In NRU, CO2
in the J-rod annul us replaces moist a i r to reduce corrosion of the
reactor vessel and also reduces the 4*Ar release rate per unit
power leve l . The monitoring results therefore indicate changes in the
operating conditions of the reactors and also provide an indication of
the effectiveness of the CO2 system.

The results obtained to date for 1982 are given in Table 3.5.2E.
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Table 3.5.2E. Measured 4lAr Releases from Main Stack - 1982

Sampling N R U N R X Ar

Date

Feb

May

Jun

Aug

Sep

24

6

18

4

22

Time
(EST)

0820

0722

0720

0727

0724

Power CO 2
MW %

125

Not

127

116

119,

Normal

Operating

Normal

Normal

.8 Normal

Power
MW

Not Operating

24

24

22.9

26.5

TBq*d-! TE

45

135

172

172

170

0.4

5.6

1.4

1.2

1.2

1 TBq = 27 Ci

3.5.3 MONITORING PROGRAMS ANO SERVICES

Perch Creek Dye Injection - R.J. Cornett and B.A. Risto

Dye experiments on Perch Creek to measure outflow rates and
contaminant dispersion were initiated during this period. The dye
dilutions will continue as all the lakes cored for sediment analysis
will require discharge measurements on a seasonal basis.

Earth Tide Measurements - B.A. Risto

Technical support for the earth tide monitoring program was
continued. This tilt meter experiments have been discontinued. The
tilt responses were very small because of the low pumping rates used in
the various injection and pumping tests.

Air Pollution Monitoring Station at CRNL - D.P. Wildsmith

Operation of the background pollution station for Atmospheric
Environment Service (Environment Canada) has continued. The daily mean
concentration of particulate major ions (S0|~, N03", Cl" , NH4

+, Na+, K+)
and sulphur dioxide in air as well as the acidity and major ion content
of daily precipitation samples are measured.

Hydro!ogical Data at Perch Lake - D.P. Wildsmith and B.A. Risto

The weirs in the Perch Lake Basin are routinely surveyed,
maintained and monitored. Precipitation, maximum and minimum air
temperatures, and soil temperatures are recorded daily. The water level
recorder charts at the weirs are sent to Water Survey of Canada
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(Environment Canada) for interpretation and estimation of Perch Lake
outlet and inlet stream flows. We have received data for the period
January 1 to June 30, 1982.

Analyses of Ions in Perch Lake - P.C. Jay

Cation/anion analyses of the daily surface and groundwater samples
along with the incident precipitation samples were continued.

CRNL Climatological Report - P.C. Jay

Monthly meteorological data including maximum and minimum
temperatures and precipitation are sent to the Atmospheric Environment
Service in Toronto in cooperation with the other network stations.
August was the coldest one on record at CRNL with a mean temperature of
15.95°C. It was also the first time on record that the temperature
dropped below 0°C in August with a temperature of -2°C on August 28 and
-3°C on August 29.

Meteorological Support of Hybrid-Heating Experiment - P.C. Jay

Data are being compiled and sent each month to R.K. Elliott,
Design and Technical Services Branch, as support for the hybrid
heating system experiment by CRNL and Deep River Hydro.

Testing of the Integrity of Sampling Ports in Borehole CR13 -
W.J. Workman and R.M. Brown

Numerous low level tritium analyses on water pumped from various
levels in Borehole CR13 have been done to determine when water truly
representative of the aquifer is being obtained. High concentrations
have persisted at Port 6 (depth 427 m ) , only decreasing from 60 Bq-L"1

(500 Tritium Units) to 35 Bq-L"1 (300 TU) on five days pumping, and at
Port 4 (depth 488 m ) , decreasing from 140 Bq-L"1 (1,200 TU) to 70 Bq-L"1

(600 TU) on 15 days pumping. In contrast, water of 2 Bq-L"1 (17 TU) and
less has been obtained on pumping some ports at higher levels in the
borehole. The persistence of high tritium levels has been attributed to
continued contamination with surface water, probably by leakage from the
packers which were filled with Lower Bass Lake water of 300 Bq-L"1.
There is the possibility that the high tritium levels at depth result
from a fracture connection to nearby Lake Maskinonge where the tritium
concentration is 1,440 Bq-L-1 (12,000 TU).

Tracer Injections - E.L. Cooper and D.E. Clegg

Several tracer injections have recently been carried out in
collaboration with personnel from Environment Canada who are under
contract from WNRE as part of the Nuclear Fuel Waste Management Program.
In 1982 June 131l was injected into the bedrock in the Bass Lakes area
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on the CRNL s i t e . The planning of th is injection was reported in
PR-HS-12. The success of this in ject ion led to a dual tracer inject ion
experiment in the same borehole in 1982 September. We were responsible
for procuring and handling the 1311 and 85sr used in th is in ject ion.

Much more complex gamma ray spectra were encountered in this
experiment because of the presence of both tracers in the boreholes.
Thus the single channel instrumentation previously used for borehole
logging by the Environment Canada s t ^ f f was found to be inadequate.
We therefore supplied multichannel analyzers.

A number of borehole tests were performed in the same area during
the summer using °^Br as the t racer. The °2Br was produced at CRNL by
irradiat ing LiBr in the NRU reactor. Before being put into solution the
tracer was allowed to decay for 2-3 days, ef fect ively removing
interference from shorter l ived radioisotopes of Br.

We also participated in the inject ion of ^ l j -jnto a sandy aquifer
near the Twin Lakes in collaboration with R.W.D. Ki1 ley and assembled
portable instrumentation for logging the boreholes after the in ject ion.
The planning for th is experiment paralleled that for the earl ier 1 3 1 I
tracer inject ion in 1982 June.

Contamination and Leakage Investigations

Storm Sewers - E.L. Cooper, G. Lahaie and D.E. Clegg

The investigation of contamination in the Storm Sewer system
continued with the excavation of an area near Building 225 which had
been ident i f ied in earl ier investigations. Continuous sampling of the
outfal l of the Storm Sewer had to be terminated during the summer due to
reconstruction of the fence near the r iver . This reconstruction
necessitated removal of the sample l ine which was supported on the old
fence.

Building 240. Tank l - B.A. Risto (with D. Howden, Environmental
Authority)

Investigation of the location of a leak from th is tank continues
with the monitoring of the piezometers. This tank is to receive a l iner
and monitoring w i l l continue following instal lat ion to see i f the
problem is solved.

NRU Rod Bans - B.A. Risto (with K. Marshall and R. Lalor, Mechanical
Services)

An additional test hole had a piezometer ins ta l led . Water levels
were monitored on a l l test holes during this period. This investigation
continues.



- 56 -

Microbial Analysis of D i s t i l l ed Water - J.M. Judd

Repeated clogging of f i l t e r s in d i s t i l l e d water supply l ines in
Physical Chemistry Branch prompted a request for microbial analysis.
Examination of the f i l t e r sludge has revealed numerous gram-negative
b a c i l l i . Water samples also contained similar bacteria in suf f ic ient
abundance to cause the f i l t e r s to c log . The treatment we have
recommended is to expose a l l parts of the d i s t i l l e d water system to
water containing 10 mg C1«L"1 fo r 8 h or more and then to rinse with
d i s t i l l e d water repeatedly.

3.6 PAPERS AND VERBAL PRESENTATIONS

3.6.1 PRESENTED PAPERS

CORNETT, R.J. , E.L. COOPER, G. LAHAIE, "Mobi l i ty of 137Cs in the Ottawa
River near the CRNL Waste Management Areas". Proceedings of the
Internat ional Conference on Radioactive Waste Management, Winnipeg,
1982 September 12-15, Canadian Nuclear Society ( in press).

KILLEY, R.W.D., "Groundwater Transport of Reactive Contaminants near the
CRNL Waste Management Areas: Some Real i t ies" . Proceedings of the
Internat ional Conference on Radioactive Waste Management, Winnipeg,
1982 September 12-15, Canadian Nuclear Society ( in press).

MOLTYANER, G.L., "An Approximate Analytical Procedure for Solving a
Radionuclide Transport Equation". Proceedings of the International
Conference on Radioactive Waste Management, Winnipeg, 1982
September 12-15, Canadian Nuclear Society ( in press).

3.6.2 LECTURES AND TALKS

CHAMP, D.R., "Discussion of Environmental Research in the Nuclear
Industry and Tour of Perch Lake". Visit of the Honorable Judy
Erola, M.P., 1982 July 16.

CHAMP, D.R., "Educating the Public". Participant in Panel Discussion
during 24th Annual Radiation Protection Course, 1982 September 20.

CHAMP, D.R., "Environmental Hazards Assessment'1. Lecture to
participants of 24th Annual Radiation Protection Course, 1982
September 22.

CHAMP, D.R., Participant in Panel Discussion during visit of students
from the Terry Fox Canadian Youth Centre, 1982 September 29.

COOPER, E.L., "Environmental Radioactivity". Lecture to participants of
24th Annual Radiation Protection Course, 1982 September 22.



CORNETT, R.J., "Predicting and Interpreting Hypolimnetic Oxygen
Consumption". Invited Talk to Department of Fisheries and Oceans
Canada, Freshwater I ns t i t u te , Winnipeg, Manitoba, 1982 September
17.

CORNETT, R.J., Chairman of 24th Radiological Protection Conference,
CRNL, 1982 September 20-24.

LEE, D.R., "Field Experiments at Perch Lake and at the Rock Hydrology
Site". Talk to Concordia University Botany students on 1982 August
23 and to Concordia University Geography students on 1982 September
24.

LEE, D.^.4 "Current Research in the Environment". Lecture to
participants of 24th Annual Radiation Protection Course, 1982
September 22.

3.6.3 PUBLICATIONS

JACKSON, R.E., "Interpretation of pH and Eh Trends in a Fluvial-Sand
Aquifer System". Water Resources Research, JU3, 4, 1255-1268,
August 1982.
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4. RADIATION BIOLOGY BRANCH

by

D.K. Myers

4.1 Staff

4.2 Alms of the Branch

4.3 Cloning of Human DNA Unique Sequences in E_. coll

4.4 Study of DNA Damage In Human White Blood Cells Produced by Tumor
Promoters

4.5 Isolation of a Plasmid Containing Multiple Tandem Copies of an Inserted
Piece of DNA

4.6 Response of 5-Methylcytosinf in Human Cell DNA During the Repair of
Ionizing-Radiatlon-induced Dtwiage

4.7 Alkylated Bases Formed on Carcinogen Treatment of Cultured Human Cells

4.8 Pyrlmidine Dimers in Human Cell DNA

4.9 A Comparative Study of Carcinogenesis in Rats by Different Types of
Ionizing Radiation

4.10 Assessment of the Role of Oxygen and Mitochondria in Heat Shock
Induction of Radiation and Thermal Resistance in Saccharomyces
cerevisiae

4.11 Hyperthermia-induced DNA Damage in Human White Blood Cells

4.12 Assessment of Radiation Hazards to Human Populations

4.13 The Development of a Rapid Screening Procedure for Radiosensitive
Individuals

4.14 Innnunological Assay of DNA Damage by Monoclonal Antibodies

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

4.16 Physiological Parameters in Recombinational Repair

4.17 Bleomycin as a Radiation Analogue in Yeast

4.18 Follow-up of Past CRNL Employees

4.19 Publications
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4.20 Verbal Presentations

4.20.1 Lectures or Seminars
4.20.2 Local Talks

4.21 Invited Speakers
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Branch Head - D.K. Myers

Professionals

H.C. Birnboim

J.D. Childs

N.E. Gentner

N.J. Gragtmans

R.E.J. Mltchel

D.P. Morrison

D.K. Myers

M.C. Paterson
M. Weinfeld7

Assistants

J.J. Jevcak
A.G. Knight

C. Bellerby1

R. Pilon
K. Kenney2

L.D. Johnson
B. Zilber3

K.M. Baird
A. Chan
J. Rensink5

T. Joyce

M.M. Werner
A. Lemke (Clerk)6

P.A.
B.P.
E.A.
B.M.
D.A.
S.J.
R.S.
G.M.

D.
J.

Knight
Smith
Stewart
Zohr8

Adams9

MacFarlane10

McWilliams11

Norton12

Hyndman
Boyle14

(Secretary)

P. Unrau M.C. Wolfgram

Branch Secretary

B.C. Gillies

Animal House

R,A. McCann
J.W. Murphy
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1 National Summer Student terminated 1982 September 10.

2

Junior Summer Student terminated 1982 September 7.

3Concordia Student terminated 1982 August 27.

^National Summer Student terminated 1982 September 3.

5National Summer Student terminated 1982 August 20.

6Part-time staff working on the AECL Health Study.
7Post-doctoral Fellow hired 1982 August 9 under contract with the U.S. National
Cancer Institute Contract No. N01-CP-21029.

Returned 1982 August 30 from maternity leave.

3Hired 1982 July 14 under cc
Contract No. N01-CP-21029.

3Hired 1982 August 9 under (
Contract No. N01-CP-21029.

9Hired 1982 July 14 under contract with the U.S. National Cancer Institute

10Hired 1982 August 9 under contract with the U.S. National Cancer Institute

11 Hired 1982 July 14 under contract with the U.S. National Cancer Institute
Contract No. N01-CP-21029.

1 o

Terminated as a temporary employee on 1982 August 30. Hired 1982 September 16
under contract with the U.S. National Cancer Institute Contract No.
N01-CP-21029.

13National Summer Student terminated 1982 September 3.

14Visiting Scientist terminated 1982 September 23.
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4.2 AIMS OF THE BRANCH

Research in the Radiation Biology Branch is directed towards
improving our understanding of the effects of ionizing radiation on
living cells and of the response of cells to this challenge. Since it
is generally believed that, in terms of mutagenic and carcinogenic
hazards, the most critical target in cells is DNA (the carrier of
hereditary information), much of the emphasis o£ our research program
deals directly or indirectly with DNA. We have studied the nature of
DNA damage from exposure to radiation and cancer-causing chemicals and
the enzymatic "repair processes" which help to protect cells from these
insults. It is hoped that our studies at the molecular and cellular
level, together with studies using whole animals, will provide an
improved basis for predicting effects of radiation on human
populations.

4.3 CLONING OF HUMAN DNA UNIQUE SEQUENCES IN E. COLI
- H.C. Birnboim and C. Bellerby

Recombinant DNA experiments were carried out to establish a
collection of hybrid plasmids containing unique human DNA sequences.
In the past quarter, some progress was made towards this objective.
DNA was prepared from white blood cells of a normal donor. The DNA was
sheared to small size (about 500 base pairs) and treated with
single-strand-specific nuclease SI in order to produce blunt-ended
molecules. Optimal conditions of SI treatment were established by
determining the ligatability of the treated molecules (that is, the
ability of these molecules to be joined end-to-end by the enzyme T4
ligase). A commercially available linker (a decamer containing a
restriction enzyme Hind III site) was then added and Sl-treated human
DNA fragments were ligated to the linker. Thus far it appears that
rather poor incorporation of linker occurred; successful construction
of the hybrid plasmids has not yet been achieved.

4.4 STUDY OF DNA DAMAGE IN HUMAN WHITE BLOOD CELLS PRODUCED BY TUMOR
PROMOTERS
- H.C. Birnboim, J.J. Jevcak and A.G. Knight

Nothing further to report.

4.5 ISOLATION OF A PLASMID CONTAINING MULTIPLE TANDEM COPIES OF AN INSERTED
PIECE OF DNA
- J.D. Childs, C. Kenney, R. Pilon and H.C. Birnboim

In order to estimate the size of a piece of cloned DNA the
simplest method is to compare the mobility of this DNA with the
mobility of pieces of DNA of known size by gel electrophoresis.
Fragments of DNA of known size are usually generated by the digestion
of a large DNA molecule such as a plasmid or a virus using a
restriction endonuclease. However, it is often difficult to obtain
fragments of a convenient size, and the smallest fragments are
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difficult to detect without overloading the gels with the larger
fragments.

We have, therefore, cloned multiple copies of a piece of DNA
(̂  720 base pairs) for usa aa a size markar Into the plasmid pBR322.
A fragment of bacterial DNA (BA23) had previously been cloned in pBR322
at the Hindlll site and a plasmid with a double insert of BA23 had been
obtained. We removed the insert using Hindlll endonuclease, purified
It by gel electrophoresis and then ligated it back into pBR322.
However, no plasmlds with more than two Inserts were obtained. An
alternative approach using bacteriophage T4 transduction was therefore
employed.

Bacteriophage T4 is able to transfer the plasmid pBR322 from one
bacteria to another by transduction. In doing so, plasmids that
consist of several tandem repeats (multimers) of pBR322 are generated.
Transduction of pBR322 containing n inserted DNA fragment results in
multimers in which pBR322 and fragment alternate. Furthermore,
molecular rearrangements appear to take place; we deduce this since we
have found that following transduction the ratio of pBR322 to inserted
fragment varies from plasmid to plasmid; although most of the plasmids
have the same number of inserts as the starting material some contain
less and others contain up to twice as many. Thus starting with a
plasmid with three inserts we obtained multimers with one to five
inserts per pBR322 molecule. The plasmid with five inserts was
transduced and a plasmid with ten inserts has now been obtained.

These plasmids should be very useful as size markers for gels.
After partial digestion of a plasmid containing six inserts with
HindIT.I, bands of DNA ranging in size from 720 base pairs to 8,600 base
pairs at intervals of 720 base pairs were visible. Furthermore, the
intensity of each band was similar because, after partial endonuclease
digestion, small fragments were generated at higher frequency than
large fragments. In recombinant DNA technology, it is often desirable
to clone multiple copies of a gene in order to increase gene
expression; the method described above using T4 transduction could have
general application for this purpose.

4.6 RESPONSE OF 5-METHYLCYTOSINE IN HUMAN CELL DNA DURING THE REPAIR OF
IONIZING-RADIATION-INDUCED DAMAGE
- N.E. Gentner and B. Zilber

About 2-3% of cytosine moieties in human DNA are methylated
(post-replication) and exist as the modified base 5-methylcytosine
(5MC). By analogy with methyladenine in bacterial cells, P. Unrau has
postulated that methylation information in 5MC could be used to bias
DNA repair correctly. This series of experiments examined whether the
relative content of 5MC in pre-labelled DNA underwent any alteration
during the post-y-irradiation repair period, at incubation times such
that little or no d£ novo replicative synthesis was occurring. The
results are complicated by an apparent increase in T/C ratio at
incubation times >5 h (suggesting a relative loss of cytosine moieties
in the irradiated DNA). Both the 5MC/T and 5MC/C ratios at t<5 h
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indicate that a decrease in relative 5MC content of human fibroblast
cell DNA may occur as an early cell-mediated response to ionizing-
radiat ion-induced damage•

4.7 ALKYLATED BASES FORMED ON CARCINOGEN TREATMENT OF CULTURED HUMAN CELLS
- N.E. Gentner and L.D. Johnson

The relative effectiveness of different carcinogenic methylating
agents appears to be correlated with their ability to form adducts at
the 0 -position of guanine moieties in DNA. The ability to repair
(remove) 0"-CH3~dG may therefore be of critical importance. J.M.
Boyle, Visiting Scientist, has developed a radioimmune assay (RIA)
system using monoclonal antibodies directed against this adduct. The
assay requires purification of this modified deoxyribonucleoside (to
minimize non-specific reaction with other components) and knowledge of
the amount of DNA from which it raaie. An ion-exclusion HPLC procedure
using Aminex A7 resin was used to accomplish both aims: O^-CH^-dG
was separated from the 4 deoxyribonucleosides with a selectivity
coefficient approaching two; the amount of this adduct (on subsequent
RIA) is related to DNA using the dG peak absorption.

This analytical system further proved useful in establishing the
conditions for enzymatic hydrolysis of DNA to deoxyribonucleotides,
since the extent of conversion could be easily monitored.

4.8 PYRIMIDINE DIMERS IN HUMAN CELL DNA
- N.E. Gentner and P. Unrau

Most methods for quantitating content in DNA of UV-induced
pyrimidine dimers have been less than satisfactory for following repair
of these important photoproducts because: (i) with labelled thymidine
precursor, only two of the three possible dimer species are labelled
and detected; and (ii) generally these two are not separated, so their
individual rates of induction and repair are not measured. Since the
specific activity of such label in ToT is twice that in U<>T dimer,
the induction and repair of the T<>T species tends to dominate.

We are able now to label DNA specifically in either C or T
moieties; this permits radioactive labelling of all three dimer
species. In addition, the range of usefulness of a paper
chromatographic system which separates these three species has been
extended nearly tenfold lower in UV-fluence by careful choice of
precursor and labelling conditions to minimize extraneous products;
HPLC analyses of formic acid hydrolysates provided a convenient and
rapid procedure for the selection of these conditions.
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4.9 A COMPARATIVE STUDY OF CARCINOGENESIS IN RATS BY DIFFERENT TYPES OF
IONIZING RADIATION
- N.J. Gragtinans, D.K. Myers and J.R. Johnson+

Both the excess incidence percent of total tumors and number of
tumor bearing animals were calculated as a function of dose at 50-day
intervals from 150-450 days post-exposure to different types of
Ionizing radiation. There seems to be a reasonably linear
dose-response relationship (r = < 0 . 0 5 past 200 days post-exposure) in
which the Incidence percent per Gy of the HTO-3-ray group compares
closely with that of the chronic X-ray group for each 50-day Interval.
The incidence percentage per Gy of the acute X-ray group was
consistently higher than that of either 'he HTO or the chronic X-ray
group.

For each 50-day interval a linear regression analysis was done on
the HTO (Q), chronic (A) and acute X-radiation (•) sets of data (see
Figure), the slope of each representing the rate of increase in
incidence as a function of dose. In time this rate of Increase in
Incidence became greater, in a reasonably linear relationship when
plotted as a function of time (r = <0.01). Figure 1 illustrates this
relationship for the animal Incidence. It should be noted that the
slopes of the lines for HTO and chronic X-rays are similar.
Furthermore, the latency period for the HTO and the chronic X-ray
groups are similar (166 and 153 days respectively) while that of the
acute X-ray group is about 110 days.

RATE OF INCIDENCE INCREASE/DOSE IN TIME
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The following conclusions can be made:
(1) Since the rate of increase in incidence percent per Gy becomes
larger In time, the effect of the dose-response relationship becomes
Increasingly more significant and pronounced in time.

(2) With respect to rates of increase in incidence percent per Gy, the
chronic X-ray and HTO group behave similarly while the acute X-ray
group has a shorter latency period.

t Biomedical Research Branch.

4.10 ASSESSMENT OF THE ROLE OF OXYGEN AND MITOCHONDRIA IN HEAT SHOCK
INDUCTION OF RADIATION AND THERMAL RESISTANCE IN SACCHAROMYCES
CEREVISIAE
- R.E.J. Mitchel, D.P. Morrison, K.M. Baird and T.L. Joyce

In response to a heat shock, the yeast Saccharomyces cerevisiae
undergoes a large increase in its resistance to heat and, by the
induction of its recombinational DNA repair capacity, a corresponding
increase in resistance to radiation. Yeast which lack mitochondrlal
DNA, protein synthetic apparatus, aerobic respiration and electron
transport ( P° strain) were used to assess the role of C>2>
mitochondria and oxidative processes controlled by mitochondria in the
induction of these resistances. We have found that P° yeast grown and
heat shocked either In the presence or absence of O2 are capable of
developing both radiation and heat resistance. We conclude that
neither the stress signal nor the responses to it which induce heat and
radiation resistance are directly dependent on 031 mitochondrial DNA
or mitochondria-controlled protein synthetic or oxidative processes.

4.11 HYPERTHERMIA-INDUCED DNA DAMAGE IN HUMAN WHITE BLOOD CELLS
- R.E.J. Mitchel, H.C. Birnboim, M. Plattner, J.J. Jevcak and
A.G. Knight

Nothing further to report.

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

Major activities in this area during the past quarter involve the
preparation in collaboration with Dr. N.E. Gentner of a manuscript on
"Current concepts in low dose radiation biology" for presentation as an
invited talk to the Annual Meeting of the Royal College of Physicians
and Surgeons of Canada, the presentation of an invited review of
epidemiological studies on the hazards of radon daughters to the Annual
Meeting of the Workers Compensation Board of Canada, and the
preparation of a manuscript on "Health effects of radiation and basis
of exposure limits" to be submitted to the Nova Scotia Uranium Enquiry.
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Input of data on risk estimates to appropriate subcommittees
continues to be successfully completed on schedule.

4.13 THE DEVELOPMENT OF A RAPID SCREENING PROCEDURE FOR RADIOSENSITIVE
INDIVIDUALS
- M.C. Peterson and R.S. McWilliams

At present all laboratory tests for monitoring the potential
radiosensitivity of individuals are prohibitively time consuming and
labour intensive. We are investigating the applicability of a simple
cell viability Lest using peripheral blood lymphocytes from human
donors for this purpose. Lymphocytes have been isolated from blood
samples obtained locally and cultured after having received graded
doses of 6°Co y-rays. After 24 or 48 hours in culture, the
survival of these cells has been determined by the observation of
morphological characteristics and trypan blue exclusion properties. To
date, lymphocytes from about twenty clinically normal individuals have
been assayed. Preliminary results indicate that, in the range of 0.6
to 5.0 Gy of °"Co y-rays, a doubling of dose can be reproducibly
detected. Arrangements have been made to test blood samples from
patients with ataxia telangiectasia and their parents who are
heterozygous carriers of the gene(s) predisposing to this syndrome.
Persons with either genetic make-up have demonstrated radiosensitivity
by other in vitro methods, and samples of their lymphocytes will be
used as positive radiosensitive controls in this assay.

4.14 IMMUNOLOGICAL ASSAY OF DNA DAMAGE BY MONOCLONAL ANTIBODIES
- J.M. Boyle*, G.M. Norton and M.C. Paterson

The production of permanent antibody-secreting hybrid cells
(hybridomas) by the fusion of myeloma tumor cells and spleen cells from
specifically immunized animals can provide highly specific monoclonal
antibodies capable of accurately quantifying trace (subpicomole)
amounts of deoxynucleosides and other structures modified in DNA by
carcinogenic agents. In this initial phase we have demonstrated the
ability to perform each of the steps required for hybridoma production,
including the cultivation, cloning and fusion of myeloma cells and the
immunization, collection of serum, and preparation of spleen cell
suspensions from Balb/C mice. Of particular importance has been the
selection of a subline of myeloma cells that is histocompatible with
the Balb/C supplied to us by Charles River Laboratories. A dry run of
the whole procedure has been carried out successfully with the
isolation of hybrid clones. Suitable antigens have also been prepared
and mice are being immunized as the first step in the production of
hybridomas specific for DNA lesions resulting from ultraviolet and
ioniziig radiations.

The immunologic quantitation of DNA damage has been carried out by
radioimmunoassay (RIA) of the promutagenic lesion 0°-methyldeoxy-
guanosine (O^MedG) (induced by monofunctional alkylating carcinogens)
and by highly sensitive enzyme-linked immunosorbent assay (HS-ELISA) of
both single-stranded DNA and of thymine dimers produced by ultraviolet
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light in single-stranded DNA. These assays employed monoclonal
antibodies produced in the laboratory of the senior author. RIA of
O^MedG has enabled the quantitation of 0.1 picomole levels of this
lesion, whilst 0.1 to 10 ug of single-stranded DNA and 8% dimers from
10^ j.m~2 of far ultraviolet (245 nm) radiation have been
measured by HS-ELISA. The sensitivity of these assays is sufficient to
allow meaningful estimation of DNA damage in biological samples exposed
to low doses of carcinogens. It is our intention to apply these
techniques to the elucidation of the biochemical basis of carcinogen
sensitivity in the human population.

*AECL Visiting Scientist from the Paterson Laboratories, Manchester,
U.K.

4.15 LOW DOSE - LOW DOSE RATE GENETIC EFFECTS OF IONIZING RADIATION IN YEAST
- P. Unrau and M.C. Wolfgram

Further studies have been made on the effect of cell growth and
storage conditions on the yield of gene convertants after ionizing
radiation. Cells grown in rich medium generate 2-3 times more
convertants and mutants per rad than cells grown in minimal medium.
Experiments to test the hypothesis that recombination repair parameters
are sensitive to internal nucleic acid pools are planned, as part of a
program arising from a theoretical analysis of the recombinational
repair process.

4.16 PHYSIOLOGICAL PARAMETERS IN RECOMBINATIONAL REPAIR
- P. Unrau and J.R. Johnson

The repair of double strand breaks (DSB) is closely correlated
with the yield of gene convertants. Because the expected yield of DSB
per base pair per rad and of gene convertants per base pair per rad are
very similar, we have derived mapping functions to describe the dose
response of alleles separated by varying numbers of base pairs within
the same gene. A paper describing these equivalences has been
submitted. A literature survey has turned up data on gene conversion
in the CYCI gene of yeast which fits the calculated expectation very
closely for certain types of mutant X mutant crosses. A significant
exception to the mapping function has been identified in mutant X frame
shift crosses. Experiments to test physiological parameters in
recombination arise from our analysis and will be reported separately
in 4.15.

4.17 BLEOMYCIN AS A RADIATION ANALOGUE IN YEAST
- P. Unrau and M.C. Wolfgram

Bleomycin does not induce recombination in recombination defective
(rad52) strains, nor mutation in error-prone repair defective (rad6)
lines. To this extent it mimics ionizing radiation. We have not found
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the oxygen enhancement ratio to exceed 1.2, BO in this respect
bleomycin is not a radiation analogue in yeast.

A.18 FOLLOW-UP OF PAST CRNL EMPLOYEES
- M.M. Werner, D.K. Myers and D.P. Morrison

In May 1958 the NRU reactor hall was badly contaminated by a
damaged fuel rod which broke apart and burned during its removal from
the reactor. AECL staff and others decontaminated the area in 2\
months. A report has been prepared on the follow-up of the AECL
participants. No statistically significant increases in deaths from
cancer or other diseases were found in this group.

4.19 PUBLICATIONS

R.E.J. Mitchel and D.P. Morrison: Heat-Shock Induction of Ionizing
Radiation Resistance in Saccharomyces cerevisiae. Transient
Changes in Growth Cycle Distribution and Recombinational Ability.
Radiat. Res. 92̂ , 182-187 (1982).

D.K. Myers: Low level radiation; a review of current estimates of
hazards to human populations. Atomic Energy of Canada Limited,
AECL-5715/Rev. 1 (1982).

M.C. Paterson: Heritable cancer-prone disorders featuring carcinogen
hypersensitivity and DNA repair deficiency. In: "Host Factors in
Human Carcinogenesis", (H. Bartsch and B. Armstrong, eds.), IARC
Scientific Publication No. 39, 57-86 (1982).

M.C> Paterson: Human heritable disorders linking carcinogen hyper-
sensitivity and DNA repair deficiency with cancer proneness.
Proceedings of the 13th International Cancer Congress, p. 364
(1982). (Abstract).

M.C. Paterson, N.T. Bech-Hansen, W.A. Blattner and J.F. Fraumeni, Jr.:
In-vitro radioresistance in a family prone to diverse tumors.
Abstracts of Invited Presentations of the 1st Conference on
Radioprotectors and Anticarcinogens, Gaithersburg, Md., 1982 June
21-24, p. 73 (1982). (Abstract).

P.J. Smith and M.C. Paterson: Lethality and the induction and repair
of DNA damage in far, mid or near UV-irradiated human fibroblasts:
Comparison of effects in normal, xeroderma pigmentosum and Bloom's
syndrome cells. Photochem. Photoblol. _36, 333-343 (1982).

P.J. Smith, M.H. Greene, D.A. Devlin, E.A. McKeen and M.C. Paterson:
Abnormal sensitivity to UV-radiation in cultured skin fibroblasts
from patients with hereditary cutaneous malignant melanoma and
dysplastic nevus syndrome. Int. J. Cancer _30_, 39-45 (1982).
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P. Unrau and J.R. Johnson: Physiological factors influencing the
repair of ionizing radiation damage and its somatic genetic
consequences in Saccharomyces cerevisiae. Submitted for
presentation at the IAEA Symposium on the Biological Effects of
Low-Level Radiation with Special Regard to Stochastic and
Non-stochastic Effects, Venice, Italy, 1982 April 11-15.

M.M. Werner, D.K. Myers and D.P. Morrison: Follow-up of CRNL employees
involved in the NRX reactor clean-up. Atomic Energy of Canada
Limited, AECL-7760, 1982 July.

4.20 VERBAL PRESENTATIONS

4.20.1 Lectures or Seminars

N.E. Gentner: Current concepts in low dose radiation biology.
(Co-author with D.K. Myers.) Invited talk presented at the
Symposium on "Medical Aspects of Low Dose Ionizing Radiation" at
the 1982 meeting of the Royal College of Physicians and Surgeons
of Canada, Quebec City, 1982 September 15.

D.K. Myers: Review of epidemiological studies on hazards of radon
daughters. Invited talk to Annual Meeting of Compensation Boards
of Canada, Toronto, Ontario, 1982 September 20.

M.C. Paterson: Human heritable disorders linking carcinogen hyper-
sensitivity and DNA repair deficiency with cancer proneness.
Invited speaker to the 13th International Cancer Congress,
Seattle, Washington, 1982 September 8-15.

4.20.2 Local Talks

J.D. Childs: Mutagenesis and carcinogenesis. Presented at the 24th
Annual Radiation Protection Course, CRNL, 1982 September 21.

N.E. Gentner: One of four panel members for the final Summer Student
Lecture series. Forum moderated by J.A.L. Robertson, CRNL,
1982 August 13.

R.E.J. Mitchel: Biological effects of radiation. Presented at the
24th Annual Radiation Protection Course, CRNL, 1982 September 21.

D.K. Myers: Radon and lung cancer in uranium miners. Presented at the
24th Annual Radiation Protection Course, CRNL, 1982 September 23.

M.C. Paterson: A simple blood test for monitoring cancer risk.
Presented to the Honourable Judy Erola, Minister of State and
Minister, Status of Women, CRNL, 1982 July 16.

M.C. Paterson: Simple ways to reduce your cancer risk. Presented to
the Deep River Cancer Society, Deep River, 1982 September 29.
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M.M. Werner: Progress In the study of mortality of CRNL employees.
Presented to the Radiation Biology Branch, CRNL, 1982 August 9.

4.21 INVITED SPEAKERS

F. Moranelll: "Carcinogen - DNA Binding Protein". Presented as a
Health Sciences Division Seminar, CRNL, 1982 July 12.

V.N. Iyer: "Genetic Analysis of Tumor-induced Plasmids of
Agrobacterium". Presented as a Health Sciences Division Seminar,
CRNL, 1982 September 13.
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5 . BIOMEDICAL RESEARCH

by

J . R . JOHNSON

LABORATORY
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5.2.1 Bioassay Analyses Tables

5.2.1.1 Personnel of CRNL
5.2.1.2 Personnel of Commercial Products
5.2.1.3 Personnel of Other Organizations
5.2.1.4 Environmental and Process Sample Analyses

5.2.1.5 Distribution of Tritium Exposure at CRNL

5.3 IN VIVO MONITORING

5.3.1 In Vivo Monitoring

5.3.2 Thoron-in-Breath Monitor

5.4 RADIOCHEMICAL SEPARATIONS

5.4.1 Uranium

5.5 METABOLIC STUDIES

5.5.1 Metal Ion-Amino Acid Studies

5.5.2 Carbon

5.6 METABOLIC MODELS AND INTERNAL DOSIMETRY

5.6.1 Alkaline Earth Metabolism

5.6.2 Federal/Provincial Working Group on Bioassay and In Vivo
Monitoring

5.6.3 NEA

5.7 PAPERS, REPORTS, PRESENTATIONS, LECTURES

5.7.1 Papers

5.7.2 Reports

5.7.3 Presentations

5.7.4 Lectures
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5.1 STAFF

Branch Head J.R. Johnson

Secretary L.A. Kaden

Professional G.H. Kramer
B.F. Peterman

Technical J.D. Brunette
D.W. Dunford
S.E. Gardner
A. Hesketh

P.A. Robinson

Clerical M. Gresham (Part-time)

5.1.1 Co-op Student

D.S. Lefevre - University of Waterloo, Waterloo, working with
B.F. Peterman, terminated on 1982 September 03.

5.1.2 Summer Students

N. Desai - University of Toronto, Toronto, working with
G.H. Kramer, terminated on 1982 September 10.

J. van Heteren - University of Victoria, Victoria, working with
J.R. Johnson, terminated on 1982 August 27.

5.2 BIOASSAY LABORATORY

5.2.1 Notes to Tables 5.2.1.1 - 5.2.1.3

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
exposure to radioactive materials until subsequent analyses
show excretion 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.
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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 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 gamma-
emitting fission and activation products.

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

7) Miscellaneous analyses included 1"c, 3 2P, 3 5 S , 36C1S
 63Ni"

and Pb-Nat.

8) Total number of cases in a particular period showing a
clearly measurable, abnormal amourt of radioactivity in
the urine. For radioiodines, this includes caser where
thyroid monitoring was requested because of high urinary
excretion or where more than 2 nCi (74 Bq) was present in
the thyroid.

5.3 IN VIVO MONITORING

5.3.1 In Vivo Monitoring Table - Table 5.3.1

5.3.2 Thoron-in-Breath Monitor - B.F. Peterman

The main component of the thoron-in-breath (TIB) monitor
has been constructed in the Health Sciences workshop. It is a
35 L electrostatic collection chamber that is used to collect
the daughter product of thoron (220Rn) which has a half-life
equal to 55 seconds. These daughter products will be
electrostatically collected on a ZnS impregnated mylar film,
which when covered by a second ZnS mylar film will result in
an alpha counting efficiency approaching 100% when viewed with
a standard photomultiplier tube. Enough of the auxiliary equipment
has been obtained so that testing of emanation efficiency of 220Th
from solutions and collection efficiencies of its daughter products
can be measured as functions of such parameters as air flow rate
and collection voltages.



Table 5.2.1.1

Bloassay Analyses

PERSONNEL OF CHALK RIVER NUCLEAR LABORATORIES

1982

6-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

TestB
Cases
(8)

JUNE

TOTAL

289
213

538
293

190
117

279
208

36
25

21
17

4
3

1357
53

Positive

Number

0
0

0
0

9

0
0

0
0

0
0

0
0

0
9

(1)

%

0
0

0
0

7.5

0
0

0
0

0
0

0
0

0

JULY

TOTAL

232
182

399
263

81
66

241
185

10
9

16
14

1
1

980
1

Positive (1)

Number

0
0

0
0

0

0
0

0
0

0
0

0
0

0
0

Z

0
0

0
0

0

0
0

0
0

0
0

0
0

0

AUGUST

TOTAL

339
259

605
311

87
73

373
264

12
10

20
15

5
2

1441

' j

Positive (1)

Number

0
0

2
1

1

0
0

0
0

0
0

0
0

3
2

X

0
0

0.3
0.3

1.4

0
0

0
0

0
0

0
0

0.2

TOTALS

TOTAL

860
654

1542
867

358
256

893
657

58
44

57
46

10
6

3778
61

Positive (1)

Number

0
0

2
1

10

0
0

0
0

0
0

0
0

3
11

X

0
0

0.1
0.1

3.9

0
0

0
0

0
0

0
0

<0.1



Table 5.2.1.2

Sioassay Analyses

PERSONNEL OF COMMERCIAL PRODUCTS

1982

B-emitters (2)

Tritium (3)

Iodine (4)

Y-emitters (5)

Natural and Enriched
Uranium

a-emitting actlnldes
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Fersons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

JUNE

TOTAL

6
6

0
0

10
7

10
8

2
2

0
0

1
1

29
13

Positive

Number

0

-

0

0
0

0
0

•

0
0

0
0

(1)

X

0
0

-

0

0
0

0
0

-

0
0

0

JULY

TOTAL

37
36

0
0

36
35

57
53

1
1

0
0

15
13

146
5

Positive (1)

Number

0
0

-

0

0
0

0
0

-

0
0

0
0

X

0
0

-

0

0
0

0
0

-

0
0

0

AUGUST

TOTAL

14
14

0
0

13
13

29
27

1
1

9
8

67
9

Positive (1)

Nunber

0
0

-

0

0
0

0
0

0
0

0
0

0
0

z
0
0

-

0

0
0

0
0

0
0

0
0

0

TOTALS

TOTAL

57
56

0
0

59
55

96
88

4

1
1

25
22

242
27

Positive

Number

0
0

-

0

0
0

0
0

0
0

0
0

0
0

(1)

z
0
0

-

0

0
0

0
0

0
0

0
0

0



Table 5.2.1.3

Bloassay Analyses

PERSONNEL OF OTHER ORGANIZATIONS

1982

6-emitters (2)

Tritium (3)

Iodine (4)

Y-emitters (5)

Natural and Enriched
Uranium

ct-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tects
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

JUNE

TOTAL

9
6

10
8

0
0

16
13

0
0

0
0

6
3

41
0

Positive

Number

0
0

0
0

-

0
0

-

-

0
0

0
0

(1)

%

0
0

0
0

-

0
0

-

-

0
0

0

JULY

TOTAL

0
0

0
0

0
0

0
0

5
1

0
0

C
M

 
C

M

7
0

Positive (1)

Number

-

-

-

-

0
0

-

0
0

0
0

X

-

_

_

0
0

-

0
0

0

AUGUST

TOTAL

2
2

rj 
C

M

0
0

5
3

4
1

0
0

2
1

15
0'

Positive (1)

Number

0
0

0
0

_

0
0

0
0

-

0
0

0
0

X

0
0

0
0

-

0
0

0
0

_

0
0

0

TOTALS

TOTAL

11
8

12
10

0
0

21
16

9
2

0
0

10
6

63
0

Positive (1)

Number

0
0

0
0

-

0
0

0
0

_

0
0

0
0

z

0
0

0
0

:

0
0

0
0

-

0
0

0



Table 5.2.1.4

ENVIRONMENTAL AND PROCESS SAMPLE ANALYSES

1982

AECL

Tritium
a-emitting actinides
B-emitters
•y-emitters
Uranium

OTHER ORGANIZATIONS

Tritium
a-emitting actinides
3-emitters
y-emitters
Uranium

TOTALS

JUNE

383
4
0
0
0

0
0
0
0
0

387

JULY

428
0
0
0
0

0
0
0
0
12

440

AUGUST

381
1
0
0
0

0
0
0
0
0

382

TOTALS

1192
5
0
0
0

0
0
0
0
12

1209

oo

i



Table 5.2.1.5

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1982 JULY 01 - SEPTEMBER 30

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

TOTALS

X of Persons

0-49
mrem

54
48
40
23
45
35
0
0
22
7

284

74.3

50-99
mrem

8
30
1
14
10
1
0
0
0
0

65

17.0

100-199
mrem

5
17
0
4
3
0
0
0
0
0

30

7.9

NUMBER

200-299
mrem

0
1
0
0
1
0
0
0
0
0

2

0.5

OF TESTED

300-399
mrem

0
0
0
0
0
0
0
0
0
0

0

0.0

PERSONS III

400-499
mrem

0
0
0
0
1
0
0
0
0
0

1

0.3

1 GIVEN DOSE RANGES

500-999
mrem

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

3-5
rem

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

Tested
Persons

67
96
41
41
60
36
0
0
22
7

382

100.0

Total
mrem

1743
5899
260

1864
2318
641
0
0
43
26

13054

CO
PO

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 AEC1-5507.

(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.



Table 5.3.1

IN VIVO MONITORING

1982 JULY TO 1982 AUGUST

NRX
NRU
Chemical Operations
E.I.& P.
R.& I.S.
Fuels and Materials
E.I.& C.
W.E.& P.
Special Projects
Mechanical Services
Chemistry & Materials
Health Sciences
Physics
Administration
Miscellaneous
Non-CRNL Personnel
Advanced Projects and

Reactor Physics
Environmental Samples

Whole Body Monitoring

Number*

20
8
1

39
25
59
2
5
3

32 .
13
7
8
24
1
1
3

2

No. Positive1 *

4
3
1

1

Lung Monitoring

Number*

5
15
12

1

9
3

8

No. Positive2'

1

Other

Number*

4
1
1
12
1

5

Monitoring

No. Positive3'

4
1
1
12
1

5

Clothing Monitoring

Number*

1
6

2

No. Positive1'

00
Go

NOTES:

* Number - Number of people monitored in period.
1) Greater than 10 nCit 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

t 1 Ci = 37 GBq

SI, etc).
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5.A EADIOCHEMICAL SEPARATIONS

5.4.1 Uranium - G.H. Kramer

The development and testing of the analysis for uranium
is now complete. A urine samole is wet ashed and the white
residue dissolved in a solution of HNO3 and Al(1503)3. Uranium
and other actinides are extracted with TBP. To increase the
final recovery this step is repeated. The organic phase is
washed twice with HNO3 and the uranium back-extracted with
distilled water. Other actinides that accompany uranium are
removed by a BaS04 co-precipitation and uranium is collected
by a Fe(0H)3 co-precipitation. The overall recovery of
uranium is 86 ± 5%.

The uranium sources prepared in this way are free of
Th-Nat, Cm-244, Pu-239 and Np-237. The alpha particle
resolution obtainable with a source under standard operating
conditions is approximately 150 keV.

Some interesting features of the Fe(0H)3 co-precipitation
were also investigated further. In order to improve resolution
the weight of the precipitate was varied. The best resolution
obtained was 100 keV, but unfortunately the recovery also
dropped by 20%. The time taken to complete the co-precipitation
was also found to be important. If the precipitate was
allowed to stand prior to filtration uranium re-entered the
solution. Fortunately this is not a fast process but over a
period of four days the uranium recovery could be lowered by as
much as 60%.

5.5 METABOLIC STUDIES

5.5.1 Metal Ion-Amino Acid Studies - G.H. Kramer

Initial calibrations of volumetric glassware is complete,
although it will continue to be an ongoing task as glassware is
replaced.

Procedures are being developed to satisfactorily standardize
strong base, strong acid and metal ion solutions. Suitable
methods and containers are also being investigated for
satisfactory storage of these solutions.
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Work has begun on the spectrophotometric determination
of the equilibrium constants of the nickel-glycine system.
This system was chosen because it has been well studied and
it is thus well defined. The purpose behind this and the
potentiometric study (soon to be started) is to ensure that
the equipment and calculation procedures are well understood
before the more complex uranium studies are begun.

5.5.2 Carbon - J.R. Johnson and N.J. Gragtmans*

The study of the retention of 1'iC injected as carbonate
in the bone, muscle and liver of rats is nearing completion. The
data from this study will be used with data obtained by an
Ontario Hydro study of the uptake and excretion of inhaled ^CO-
by humans to improve the metabolic and dosimetric model for
carbon. It is anticipated that this model will greatly improve
the reliability of doses calculated either from intake or
excretion of various chemical forms of carbon.

5.6 METABOLIC MODELS AND INTERNAL DOSIMETRY

5.6.1 Alkaline Earth Metabolism - J.R. Johnson

The model development to describe bone growth and
modelling (and hence the major component in the alkaline
earth metabolic model) has been completed. Results based
on preliminary model parameters were presented at the
International Symposium on the Radiobiology of Radium and
the Actinides, 1981 October. A paper describing this work
has been accepted for publication in Health Physics. Some
work has been done on obtaining the most appropriate model
parameter values for use in radiation protection and this
information was presented at the 1982 Health Physics Society's
Annual General Meeting. Work is continuing when time is available
to finalize all the model parameters for the alkaline earth
elements and to extend the model to other bone seeking radio-
nuclides.

5.6.2 Federal/Provincial Working Group on Bioassay and In Vivo Monitoring
- J.R. Johnson

The guideline for tritium bioassay monitoring has been
finalized and sent to the printers. The guideline for radioiodine
bioassay and in vivo monitoring has been sent out to interested
persons and organizations for comment. Work is continuing on a
guideline on uranium and it is anticipated that work will begin
snortly on a carbon guideline and on guidelines on gross gamma,
beta and alpha monitoring programs.

* Radiation Biology Branch
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5.6.3 NEA - J.R. Johnson

The work undertaken in conjunction with the KEA (OECD)
Group of Experts on Radon Daughter Dosimetry is complete.
Criteria have been developed for the accuracy requirements on
estimating the upper limit on dose to individuals exposed to
radon daughters in air. These criteria were then used, along
with models giving the dependence of dose on aerosol parameters,
age of the individual(s) being exposed and breathing rate to
define conditions under which only the potential alpha energy
in air (exposure) need be measured to meet these criteria. A
significant finding of these studies was that while one could
use a smaller dose per unit exposure than that suggested by
the ICRP recommendations on occupational exposure, if one
did,the range of aerosol parameters for which only exposure
measurements were needed to meet the criteria would be reduced.

5.7 PAPERS, REPORTS, PRESENTATIONS, LECTURES

5.7.1 Papers

Johnson, J.R. - "The Estimation of the Effective Dose Equivalent
from Tritiated Water Exposures using Tritium Concentrations in
Urine1', Radiation Protection Dosimetry, Technical Ncte, 2, 4
245-247, 1982, AECL-7744.

Kramer, G.H. and Davies, J.M. - "Isolation of Stiontium-90,
Yttrium-90, Promethium-147 and Cerium-144 from Wet Ashed Urine
by Calcium Oxalate Coprecipitate and Sequential Solvent
Extraction", AECL-7756, Analytical Chemistry _54, 1428, 1982.

5.7.2

Dunford, D.W. - "Users' Manual for the Dosimetry Factors
File - Maintenance Program, MAINSEE", CRNL-2390, July 1982.

5.7.3 Presentations

Johnson, J.R. - "A Model to Calculate Doses from Iodine-129
on a Local, Regional and Global Scale from the Proposed
Canadian High Level Waste Vault", Presented at the Canadian
Nuclear Society, International Conference on Radioactive Waste
Management, Winnipeg, Manitoba, 1982 September 12-16.

5.7.4 Lectures

Johnson, J.R. - "Metabolism and Dosimetry of Radionuclides",
24th Annual Radiation Protection Course, CRNL, 1982 September 21.
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Kramer, G.H. - "Bioassay Techniques", 24th Annual Radiation
Protection Course, CRNL, 19S2 September 21.

Johnson, J.R. - "Biological Hazards o:; Tritium", Lecture to
Research and Development Personnsl. CRNL, 1982 September 29.
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6. MEDICAL BRANCH

by

D.W.S. Evans

6.1 STAFF

6.2 CLINIC PROCEDURES

6.2.1 Occupational Accident and Illness
6.2.."! Non-Occupational Accident and Illness

6.3 CLINIC VISITS BY WORK CATEGORIES

6.4 BREAKDOWN BY INTERNATIONAL CODE

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

6.2

6.2.1

Branch Head D
Secretary V
Professional J
Nurses A

J
Medical Technicians M

J

CLINIC PROCEDURES

Occupational

AECL
Male

Female

Others
Male

Female -

Accident

New Visits
Revisits

New Visits
Revisits

New Visits
Revisits

New Visits
Revisits

.W.S. Evans

.A. Schizkoske

.J. Meenan

. Kinloch

. Williams

. Plattner

. Shaw

and Illness

June

38
21
59

5

~5

2

~2

—

July

40
34
74

4

~4

! Ill

—

August

30
33
63

1 
H

I
1 II!

—

Total

196

9

2

Grand
Total

207

6.2.2 Non-Occupational Accident and Illness

AECL
Male

Female

Others
Male

Female

- New Visits
- Revisits

New Visits
Revisits

New Visits
Revisits

New Visits
Revisits

361
283
644

54
30
84

7
2
9

4
3
7

354
229
583

65
36
101

5
4
9

5
3
8

312
220
532

58
38
96

4
1
5

5
2
7

1759

281

23

22
2085
2292
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6.3 CLINIC VISITS BY WORK CATEGORIES

June July August
Staff P.R. Staff P.R. Staff P.R. Total

AECL
Office of Vice-Pres. & — — " — 1 — l
General Manager

Office of Director, Res.

Office of Dir., A.R.&D.

Office of Gen. Mgr. P.A.&.O

Health Sciences

Chemistry & Materials

Physics

Office of Gen. Mgr. Com. Ops.

Adv. Proj. & Reactor Physics

Fuels & Materials

Special Projects

Elect. Inst. & Control

Quality Assurance

Finance

Tech. Info. & Univ. Rel.

Chalk River Envir. Auth.

Administration

Operations

Plant Design

General Services

Maintenance & Construction

Others
Crawley & McCracken,
Attached Staff, e t c .

2292

1

2

29

27

43

2

9

58

39

12

2

26

3

3

27

31

30

48

34

426

18

—

—

—

—

—

—

—

—

—

—

—

3

19

24

~

47

273

366

——

2

47

28

61

2

17

58

15

17

2

15

6

2

16

32

34

44

53

451

17

—

—

--

—

—

—

—

—

—

—

—

3

—

—

10

28

—

45

225

311

2

23

26

43

1

19

50

17

5

1

19

10

2

17

32

22

56

46

392

12

—

—

—

—

—

—

—

4

—

—

23

27

—

47

198

299

1

6

•j's

81

147

5

45

166

71

34

5

70

19

7

112

174

86

287

829

2245

47
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6.4 BREAKDOWN BY INTERNATIONAL CODE

Infectious and Parasitic Diseases
Neoplasms
Endocrine, Nutritional and Metabolic

Diseeses, and Immunity Disorders
Diseases of the Blood and Blood-
forming Organs

Mental Disorders
Diseases of the Nervous System and

Sense Organs
Diseases of the Circulatory System
Diseases of the Respiratory System
Diseases of the Digestive System
Diseases of the Genitourinary System
Complications of Pregnancy, Childbirth
and the Puerperium

Diseases of the Skin and Subcutaneous
Tissue

Diseases of the MusculoBkeletal System
and Connective Tissue

Congenital Anomalies
Conditions originating in the
Perinatal Period

Symptoms, Signs and Ill-defined
Conditions

Injury and Poisoning
External and Internal Contamination
Factors Influencing Health Status
and Contact with Health Services

6.5 MEDICAL EXAMINATIONS

AECL
Male

Female

Others
Male

Female

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

June

4
3
4

4

2
57

79
123
45
15

77

70

1

53

152
6

139

July

2
5
2

—

7
63

59
95
41
10

65

72

1

69

179
2

145

August

2
5
5

—

6
77

60
102
35
14

65

57

34

127
3

138

Grand
Total

8
13
11

4

15
197

198
320
121

' 39

207

199

2

156

458
11
422

834 817 730 2381

June

35
6
41

23
2
25

5
2
7

2

~~2

July

10
1u
1
—

T
l
—

"I
2

~2

Augm

9
2
11

2
2
~4

4
—
~4

—

Grand
Total Total

63

30

12

109
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6.6 NON-OCCUPATIONAL ABSENTEEISM

June July August
Male Female Male Female Male Female Total

Office of Vice Pres. & — 4 4 24 34
Gen. Mgr.

Office of Dlr., Research 1 — 1% — 4 -- 3

Office of Director, — — — — — 1% 14
Applied Research & Dev.

Office of Gen. Mgr., Plant — 1 — 2 — 24 54
Admin. & Operations

Health Sciences

Chemistry & Materials

Physics

Office of Gen. Mgr.
Commercial Operations

Adv. Proj• & Reac. Phy.

Fuels & Materials

Special Projects

Elect. Inst. & Control

Quality Assurance

Finance

Tech. Info. & Univ. Rel.

Chalk River Env. Auth.

Administration

Operations

Plant Design

General Services

Maintenance & Construction

334

36

624

1

244

77

314

194

94

28

4

—

27

784

27

474

70
5744

26

10

234

14

294

13

4

14

—

254

15

—

19

11

8

234

5
2174

21

43

434

3

184

91

104

204

54

20

1

44

19

904

274

634

63
547

274

154

114

4

8

104

104

164

__

354

154

—

22

124

11

334

9
2454

374

574

544

4

26

1124

32

22

74

20

2

14

34

122

504

714

844
7364

17

20

30

1

11

23

14

14

14

34

24

«

364

20

144

29

18
3014

1624

182

2254

11

1174

327

1024

814

24

163

58

6

1574

3344

1384

2684

2494
26224
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6.7 LABORATORY PROCEDURES

6.7.1 X-Ray Department

AECL
Male

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

6.7.2 Haematology

AECL
Male

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

June

8
34
42

1 
co

 lo
o

2

~2

il
l 1

57
32
89

34
2
36

4

1

4

~4

July

n
30
41

1
4
5

1
2
3

1

T

66
15
81

17
2
19

1

T
1

August

14
27
41

2

~2

il
l 1

zz

87
35
122

13
2
15

1
2
3

—

Grand
Total Total

124

15

5

1
14;

292

70

8

5
375
520
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6.7.3

Total brought forward 520

Urine

AECL
Male

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

June

56
5
61

31
1
32

4

4

July

58
3
61

16
4
20

1

T

1

~T

August

83
3
86

11
6
17

1

~T

—

Grand
Total Total

208

69

6

5
288
808

6.8 TOTAL HOSPITAL PROCEDURES

June July August

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

60
—
810
6

286
75
41

79
10
779
5

235
15
53

47
85
703
9

287
19
13

1278 1176 1163
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