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1. HEALTH SCIENCES DIVISION SUMMARY

A.M. Marko

Health Physics

Neutrons can be detected by the production of damage tracks
in plastic films by the heavy-charged particles generated in various
nuclear reactions. In particular tracks produced by proton recoils in
hydrogenous materials may be related to the dose equivalent received
by tissue. Chemical and electrochemical etching parameters for CR39
plastic are being studied as a function of neutron energy from 0.2 to
14.7 MeV. Measurements show that track densities increase with
chemical etching time. Calculations of protons crossing a CR39
surface for various plastic thicknesses agree with measured values for
chemically etched tracks from irradiation by 0.7 to 5 MeV neutrons.
The investigation of alpha particle irradiation of CR39 is also pro-
ceeding since (n,a) reactions in suitable irradiators provide a means
of detecting low energy neutrons in albedo dosimeters. Angular sensi-
tivity for alpha particles up to 5.49 MeV (from Am) and from a
thick source of uranium have been measured. Alpha response with
various etching procedures has been examined and it has been shown
that it is possible to discriminate in favour of, or against, part-
icles of particular energies.

An improved oven for UV annealing of sensitized TLDs has
been built and optimum operating characteristics are being determined.
Thinner TLDs require shorter UV exposure since UV transparency
increases as annealing is carried out.

One limitation of flow-through ion chambers for detection of
HTO in air is the retention of HTO on metal surfaces which harms the
response of the chamber to decreasing HTO concentrations. Another
limitation is the unwanted signal from gamma radiation backgrounds.
The possibility of using an air-flow modulation technique to suppress
these unwanted components in the output signal is under investigation.
Sample air of interest and clean air are alternately passed through
the chamber and only the output signal with the correct phase
relationship is measured.

Circuits and components for the reactor stack effluent
monitor are being designed. In particular, design of the sample
chambers for noble gases is complete and discriminating and
stabilizing circuits for the iodine detector have been designed and
tested.

The shoe monitor section of the Personnel Contamination
Monitor has been redesigned to accommodate larger GM counters and to
incorporate several improvements found desirable from operating
experience. The detection efficiencies for beta rays over a wide
energy range ('̂ C to ^°Sr/Y) and from distributed sources
have been measured.
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Environmental Research

At Perch and Maskinonge Lakes, our program of measuring
water temperature, air temperature and air velocity profiles has been
expanded with the installation of new sensors and data loggers. Far
more detailed information than we have been able to obtain before will
be available for our studies of atmosphere - surface transport
processes.

A number of features of the groundwater discharge from bore-
hole CR22, near Chalk Lake, have been investigated. These have
included the usual hydrological and chemical measurements, and also
measurements of Rn and tritium. Radon is an indicator of the
extent of fracturing in the rock; the tritium provides an indication
of the presence of surface water.

The measurements of sorption/desorption of "^Co with
sediments from East Swamp have been continued, replicate column
studies being needed because of the known heterogeneity in the actual
distribution of 6oCo in the field. The chemical species of
cobalt in the. groundwater from the same area have also been
determined; a major result is that at least two strong anionic
complexes are present.

Distribution coefficients (Kj) for Sr on sediments from
cores at '0' nest have been determined in batch experiments and in
field columns. The values from the former have fallen within a fairly
small range (within a factor of 2) and are similar to previously
determined values. However, the dynamically determined values have
varied over a factor of nearly 4 depending on the contact time
allowed, the shorter times resulting in higher Kj's. We expected
that this variation may have resulted from an association of strontium
with oxyhydroxide coatings rather than being sorbed in an ion
exchangeable manner. However, desorption experiments have not
supported this hypothesis and, at present, we have no alternative
explanation for the time variation.

The elution rates of Pu and Am from columns and associations
with particulates have been shown to depend strongly on the redox
conditions. Under reducing conditions Pu release is inhibited
although what is released remains associated with particles; for Am
the release is increased, most Am being soluble in these conditions
rather than associated with particles as is the case for both nuclides
in oxidizing conditions.

Several approaches are being taken in studies of the move-
ment of contaminants in lakes and rivers from the water to sediments.
In one, an attempt is being made to determine if contaminants interact
in the water column with particulate matter which carries the contam-
inants to sediments or if the interaction is directly with sediments.
We interpret results so far of the distribution of 37Cs from
atmospheric weapons tests to indicate that the latter interaction is
important. In another study, the role of clam biodeposits in sedimen-
tation of water contaminants is being evaluated. The role of plants
in the cycling of radionuclides in aquatic ecosystems is also of
interest and reviews of the literature and of possible experimental
work have started.
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In the studies of the ages of rock fracture filling
the ratios of the uranium isotopes ( U/ U) and
1 to uranium ( Th/ U) together with uranium

-ing
materials
of thorium to uranium ('JUTh/*J°U) together
contents are providing some values (of the order of 100,000) but the
interpretation remains difficult. We can interpret the results for
calcite and chlorite in a self-cons is tent way in terms of
depositional, mobilization and recrystallization processes but with
hematite estimates of age of the material from the two ratios differ
widely and we have concluded that most of the uranium was not
deposited with it but has been adsorbed later. We are starting more
detailed analyses to try to resolve these uncertainties.

In the culture of bivalve molluscs the growth rate has been
shown to be affected by nutrients to different extents at the control
(10°C) and elevated (20°C) temperatures. Plankton as food vesulted in
greatest growth of flesh in the cooler water whereas wheat or starch
supported the greatest growth in the hotter water. The maximum were
similar. The reasons for this difference are not understood yet.

We have shown that the results of calculations of the
dispersion of radionuclides in the atmosphere with a Gaussian plume
model are not very sensitive to the choice of the possible calcula-
tional techniques for taking the roughness of the terrains into
account, at least for distances greater than 3 km. For our specific
site we therefore intend to use the standard deviation of the
horizontal wind direction as a single parameter accounting for terrain
roughness.

Modelling of contaminant transport in the hydrosphere is
being considered on two scales. On a broad scale we are attempting to
determine how to remove incompatibilities between a geosphere trans-
port model and a biosphere groundwater model. On the detailed scale
the groundwater flow pattern from the nitrate plant near Lake 233 has
been simulated by two finite element computer codes, and a finite
element code is being implemented to simulate radionuclide transport.
Experimentally, the hydrological data required for modelling in the
tracer test over the 1 50 m x 50 m area near Twin Lake is being
collected and the injection screen prepared.

Contributions to various studies and reports relating to
environmental contaminants are being made; they involve release
limits, water quality criteria and uranium mill tailings management.

The reassessment of the drainage system within the Perch
Lake basin has continued. The distributions of concentrations of
major anions and of tritium are being examined. The hydrology is more
complex than had been thought previously although we have been able to
define the three main routes of tritium migration from the reactor pit
into surface waters. Two are through the main tjand aquifer, one short
one discharging to the Main Stream and one discharging directly into
Perch Lake. The third route follows a semi-confined aquifer in a
buried stream channel and discharges directly to Perch Creek.

We have started a survey of the ^C in the air and veg-
etation around CRNL. Concentrations near the outer gate are not
significantly different from the present-day global levels (from
natural and residual bomb ^C) but slightly higher concentrations
have been measured close to the laboratories. Comparison of the
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concentration contours with those for *Ar will help to determine
the effect of washout and vegetative uptake processes.

The precision of the ion chromatograph used for anion
analysis has been considerably improved by the design and addition of
a sequential programmer that automatically provides for recalibra-
tions. Unattended, overnight operation of the Dionex chromatogtaph is
now routine. One current study with this equipment is of the effect
of sample storage time on the measured concentrations of anions and
cations. Considerable variations are being observed.

The monitoring service provided by the Branch for radio-
logical and climatological quantities has continued.

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 gener-
ations 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.

Specific projects in this quarter have dealt with: (1) Study
of DNA damage in human cells due to tumor promoters and antipromoters.
(2) Damage to DNA of human white blood cells resulting from hyper-
thermia treatment. (3) Determination of different ways for detect-
ing, by HPLC, various base damage products in human DNA. (4) Contin-
uation of the study of tumor-induction in rats by different forms of
radiation. (5) Follow-up of causes of death in past CRNL employees.
(6) Study of genetic effects in yeast cells following neutron, X-ray
and gamma-ray irradiation under oxic and anoxic conditions. (7) Study
of heat shock-induced ultraviolet ray resistance in yeast cells. (8)
Biochemical and genetic studies of ultraviolet-ray induced damage in
bacteriophage T4•

Biomedical Research

A thoron ( Rn)-in-breath monitor has been designed
and will be constructed at CRNL. Thoron is a decay product in the
natural thorium decay chain, and in the U chain that is
present in the uranium product from a thorium fuel cycle. The
measurement of thoron-in-breath is a.very sensitive indicator of
internal contamination by Th and Ra , its precursors in
the above mentioned chains.

The dose to the basal cells of the bronchial epithelium from
the inhalation of long-lived alpha emitting aerosols has been
calculated, and the risk of bronchial cancer from this dose estimated,
by comparing it to the dose to these celli from radon daughters, using
the epidemiological results for radon daughters. It was found that
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the risk, of bronchial cancer from "long-lived alphas" to a "nominal"
miner who inhaled 1000 Eq (37 nCi) per year is about one tenth that
from his assumed average radon daughter exposure of one WLM per year.

The development of a computer based record keeping and
reporting system for the results obtained in the bioassay laboratory
and the In-vlvo monitoring facility is nearing completion. Tests of
this system involving reporting of results to supervision will begin
later this year.
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2. HEALTH PHYSICS BRANCH

by

G. Cowper

2.1 Staff

2.2 Neutron Dosimetry

2.2.1 Measured Sensitivities for Detecting Neutrons with
CR39, Following Electrochemical Etching

2.2.2 Calculated Sensitivities for Detecting Neutrons with
CR39

2.2.3 Angular Response of CR39 to Alpha Particles

2.2.4 Selective Etching Conditions for Alpha Particle Tracks
in CR39

2.2.5 Search for 2.1-MeV Neutrons from 17N

2.3 Thermoluminescence Dosimetry

2.3.1 Automatic TLD Reader AEP-5256B

2.3.2 Study of UV Anneal Techniques for Sensitized TLDs

2.3.3 Cleaning and Calibration of Personnel TLDs

2.4 Tritium Monitoring

2.4.1 Portable Tritium Monitor, AEP-5321

2.4.2 Nafion-based HT/HTO-in-Air Monitor, AEP-5336

2.4.3 AEP-5275 for Use as Integrating Tritium Monitor on
Reactor Stack

2.4.4 HTO Permeation through Nafion

2.4.5 HTO Measurements by a Flow Modulation Technique

2.5 Effluent Monitoring

2.5.1 Iodine Detector for Stack-Effluent Monitor

2.5.2 Noble Gas Detector for Stack Effluent Monitor

2.6 Search for a Lost Neutron Source

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



2.8 R?'''ation Instrument Developments

2.8.1 Personnel Contamination Monitor AEP-5276

2.8.2 High Range Beta Dose Rate Meter AEP-5337 and High
Range Gamma Survey Meter AEP-5309A

2.8.3 Monitor for Airborne g-Emitting Particulates,
AEP-5331

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

2.8.5 New Head Unit for Alpha-Air Monitor, AEP-10110

2.8.6 Health Physics Sealer/Rate Meter, AEP--5341

2.8.7 Evaluation of Portable Monitors for the Detection
of 2 3 5U and 23iPu Sources

2.9 Radiation Dose Monitoring

2.9.1 Radiation Dose Recording

2.9.2 Body Xadiation Doses

2.10 Publications and Lectures
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Branch Head G. Cowper
Secretary N.L. Hayward

W.G. Cross
H. Ing

A.R. Jones

R.G.C. McElroy

R.M. Holford

Draftsmen

Personnel Monitoring

Assistants:

Assistants:

Assistants:

Assistant:

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

A.H. Ohno
W.F. Richter

M. Wood
R.A. Surette

L.W. Shankland

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

R.M. Rondeau
J.M. Vincent
T. Romaniszyn(2)

(1) On loan from Drawing Office

(2) R/D Technologist, arrived 17 May 1982.

Summer Students

C.K. Campbell, National Summer Student, arrived 3 May 1982. Supervisor:
W.G. Cross/H. Ing.

J.C. Campeau, National Summer Student, arrived 3 May 1982. Supervisor:
R.G.C. McElroy.

Y. Beaulieu, National Summer Student, arrived 10 May 1982. Supervisor:
A.R. Jones

R. Yip, Waterloo Co-op Student, arrived 3 May 1982. Supervisor: A.R. Jones.

C.B. Duff, Local Summer Student, arrived 17 May 1982. Supervisor: A.R. Jones
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2.2 NEUTRON DOSIMETRY

2.2.1 Measured Sensitivities for Detecting Neutrons with CR39, Following
Electrochemical Etching
W.G. Cross, A. Arneja and H. Ing. (In collaboration with R.D.
Werner, Solid State Science Branch)

Densities of electrochemically etched (ECE) tracks in CR39,
per mrem of neutrons, were measured for monoenergetic neutrons
of 0.2, 0.5, 0.7, 3.0 and 14.7 MeV and for fission neutrons from
2 5 2Cf. Neutrons were produced by the reactions 7Li(p,n)7Be,
2D(d,n)3He and 3T(d,n)'lHe, using Van de Graaff and 150-keV
accelerators. Neutron fluences were measured with a "long
counter" except at 1A.7 MeV where activation of Fe foils by
the 56Fe(n,p)56Mn reaction was used. Chemical etching for either
4 or 16 hours preceded electrochemical etching.

At energies above 1 MeV, 16-hour pre-etching gave higher
track densities than 4-hour pre-etching - by as much as a
factor of 2 at 14.7 MeV. Below 1 MeV, the shorter pre-etching
led to more ECE tracks. This variation of track revelation
with chemical etching time, for protons of different energies,
is consistent with the behaviour observed for alpha particles
(Section 2.2.4). Increasing the chemical etching time to 32
hours increased the density of tracks produced by 14.7 MeV
neutrons by a further factor of 2 but probably decreased the
sensitivity for low-energy neutrons. Above 0.2 MeV, our track
densities/mrem agree with those measured by Griffith et alS '
but at 0.2 MeV our value is about 5 times lower. Sensitivities
obtained by most other authors are several times lower than
ours.

2.2.2 Calculated Sensitivities for Detecting Neutrons with CR39
W.G. Cross and H. Ing

Track densities in CR39, per mrem, have been measured by
several investigators at various neutron energies, both for
chemically etched tracks and electrochemically etched (ECE)
tracks. In general, the various results appear to be in poor
agreement, although comparison is complicated because different
etching conditions and different radiator thicknesses have
been used. With the aim of understanding these results better
the number or recoil protons per mrem that cross the CR39
surface, for various radiator thicknesses and neutron energies
were calculated. No allowance was made for the varying

R.V. Griffith, J.H. Thorngate, K.J. Davidson, D.W. Rueppel,
J.C. Fisher, L. Tommasino and G. Zapparolli, Rad. Protect.
Dosim. 1, 61 (1981).
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efficiency for detecting protons of different energies or angles of
incidence.

At neutron energies from 0.7 to 5 MeV the results are in
agreement with the densities of chemically etched bracks measured
by Benton(l). This implies that nearly all the recoil protons
produced detectable tracks. At 14.7 MeV, however, only a few
percent of the protons produced tracks. Chemically etched tracks
measured by Griffith et al.(2), for neutron energies below 3 MeV,
are several times higher than the calculated number of protons.
Since the calculation is very straightforward and depends only on
well-established data, this suggests that the high measured
densities may result from counting artifacts in the plastic
surface. In contrast, electrochemically etched track densities(2)
are 2 to 10 times lower than the number of protons/cm2.

2.2.3 Angular Response of CR39 to Alpha Particles
W.G. Cross, A. Arneja and H. Ing

Knowledge of the angular response of CR39 to alpha particles
is of importance for understanding the sensitivity of albedo
neutron dosimeters in which alpha particles, produced by neutrons
in a thick Li- or B-loaded radiator, escape from the radiator into
the CR39 detector.

We have studied the variation in efficiency for producing
electrochemically etched tracks in CR39 by alpha particles of
various energies, as a function of angle of incidence. The alpha
particles were from Am and their energies were varied by absorption
in polycarbonate foils. The absolute number of alphas striking
the CR39 detector was known from the source strength and geometry.
For all energies measured, the efficiency at incident angles up to
30° was between 95% and 100%, with a portable error of ±3%, and may
well have been essentially 100%. For 5.49 and 2.5 MeV alphas the
efficiency was constant up to 40° and then decreased rapidly at
larger angles. For 4 and 1.5 MeV alphas, the decrease started
between 30° and 40°. The respective angles for 50% efficiency,
for 5.49, 4, 2.5 and 1.5 MeV alphas were 48°, 48°, 64° and 57°.

Since alpha particles from a thick radiator emerge at all
angles and all energies from zero to their maximum value, the
efficiency for detecting them is considerably less than 100%.
For alphas from a thick U foil, we detected 45% of the calculated
number that emerge (117 cm~ 2-s~ 1). For the lower energy alphas
produced by thermal neutrons in a thick radiator containing

E.V. Benton, R.A. Oswald, A.L. Frank and R.V. Wheeler, Health
Phys. 40, 801 (1981).

R.V. Griffith, J.H. Thorngate, K.J. Davidson, D.W. Rueppel,
J.C. Fisher, L. Tommasino and G. Zapparolli.. Rad. Prot. Dosim.
61 (1981).
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boron, we detected less than 20%. However, this efficiency is still
more than adequate for albedo neutron dosimetry.

2.2.4 Selective Etching Conditions for Alpha Particle Tracks in CR39
W.G. Cross, A. Arneja and H. Ing

Several observers have noted that different chemical-etching
times are needed to give good electrochemically etched (ECE) spots
for alpha particles of different energies in CR39. We have studied
this behaviour in detail for alpha particles from 1 to 5 MeV.
Chemical etching in 6N KOH at 60cC was done for 1, 2, 4 and 16
hours and followed by 7 hours of electrochemical etching at 22°C,
using 22 kV/c-n and 5 kHz. For 1 MeV alphas, chemical etching for
1 hour is sufficient to show all the ECE spots while four hours
eliminates nearly all of them. Three MeV alphas require about
2 hours while 5 MeV alphas need 4 hours or more and their ECE
spots are still nearly all visible after 16 hours. Spots from
4 MeV alphas are eliminated after 16 hours. Thus it is possible
to discriminate in favour of, or against, alpha particles of a
certain energy by choosing the etching conditions. One can also
discriminate against alphas and in favour of proton tracks or vice
versa. This selective behaviour is also to be expected for 'racks
from protons of various energies and may create problems when
protons over a wide range of energies are to be detected.

2.2.5 Search for 2.1-MeV Neutrons from 17N
H. Ing and W.G. Cross

17N is of concern in the design of shielding for reactors and
accelerators. Measurements (PR-HS-11) of neutrons from the beam
dump of a linear accelerator showed the presence of a neutron
group at 2.1 MeV whose origin appears to be 17N. To confirm this
possibility, we attempted to observe neutrons from 17N produced
by the 170(n,p)17N reaction in the target cooling water of two
neutron generators. Production of 17N by this process has been
observed* in the cooling water of cyclotrons.

The target cooling water of the FINS accelerator was diverted
through a water jacket which surrounded a 3He counter (used as a
spectrometer) and placed behind a massive shielding wall.
Interference from 1 6N, also produced by neutron activation of the
cooling water, severely limited the maximum useable beam, giving
a low counting rate for neutrons from 17N. The measured spectra
showed the stronger, well-known neutron groups from J7N (at 383,
1171 and 1700 keV) but were unable to confirm the presence of a
weaker 2.1 MeV peak. A major limitation was the low detection
efficiency of the 3He counter at energies as high as 2.1 MeV.

*R.A. Charpie, K.H. Sun, B. Jennings and J.F. Nechaj, Phys. Rev.
76 (1949) 1255.
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To improve the detection efficiency, the 3H counter was
replaced by an NE-213 scintillator placed beside a water jacket
which surrounded the target of the Health Physics neutron
generator. To reduce gamma interference from 16N, the generator
was operated repeatedly for 10 s followed by a 10 s counting
period with the beam off. Unfortunately, the gamma interference
was again too serious to permit good detection of neutrons from
17N. Subsequent measurements with a Ge-Li detector indicated
that much of the gamma field *<as from 21lNa, produced by 14-MeV
neutron activation of the aluminum target structure.

2.3 THERMOLUMINESCENCE DOSIMETRY
A.R. Jones

2.3.1 Automatic TLD Reader AEP-5256B

The drawings have been completed.

Construction of a unit for use at CRNL and the preparation of
a manual continues.

2.3.2 Study of UV Anneal Techniques for Sensitized TLDs

A new UV annealing oven has been designed and built. It
permits monitoring of the UV during the anneal and has a better
temperature control than the previous hot air oven.

Optimum values for three parameters have been measured:

(1) Time of UV irradiation (the intensity has been maximized by
bringing the TLDs as close as is practical to the UV source).

(2) Temperature of anneal.

(3) Sensitizing y exposure.

The optimum values of the parameters were similar to those found
with the hot air oven. However, it has been noted that the optimum
UV annealing times for thin TLDs is less than for thick ones.
Tests made on thin TLDs, stacked in piles of two, showed that the
bottom of the thicker TLDs is shielded by its top from UV at
the beginning of the UV irradiation. (The LiF UV absorption
decreases during the UV anneal.)

''arlation of TLD performance with position on the heated
3'-=iTface has been studied to determine how many TLDs can be annealed
at once. The area of uniform performance (sensitivity and
unexposed reading) is enough for 1000 TLDs.
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2.3.3 Cleaning and Calibration of Personnel TLDs

The personnel TLD plaques are being recalibrated after their
annual cleaning in an ultrasonic bath containing ethanol.
Approximately 4,000 have been processed. This year the
"background control" TLD plaques are being calibrated to improve
the accuracy of measuring small doses. These control plaques
are shielded during normal working hours and provide a
compensating signal for the doses received by badges when they
are not being worn.

2.4 TRITIUM MONITORING

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

The final engineering drawings are complete.

Scintrex Limited, Concord, Ontario has been licensed to
manufacture this instrument. We are now planning the further
development of this monitor to provide for noble gas
compensation.

2.4.2 Nafion-based HT/HTO-in-Air Monitor, AEP-5336
R.G.C. McElroy and R.A. Surette

The prototype AEP-5336 has continued to operate without
problems during this quarter. We are about to begin, in
cooperation with Electronics Branch, an engineered version of
this monitor.

2.4.3 AEP-5275 for Use as Integrating Tritium Monitor on Reactor Stack
R.A. Surette and R.G.C. McElroy

The prototype AEP-5275 has been refurbished for measurement
of the total HTO in the NRX/NRU Stack Effluent. It has been
installed in Building 163 for a two-month test.

2.4.4 HTO Permeation through Nafion
R.G.C. McElroy, R.A. Surette and J.C. Campeau

We have performed a number of new measurements on the
permeation of HTO through Nafion. These include the variation
of the time response of the Nafion tube assembly with humidity,
the variation of the permeation rate with humidity and the water
loading of Nafion with humidity. These experiments were performed
in support of the further development of HT/HTO monitor (AEP-5336).
Specifically, we wish to determine if improvements are possible
in the time response of this monitor.
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The results show that the response time of the Nafion tube
assembly decreases with increasing humidity while the water
loading and the permeation rate both increase. The relationship
between there three variables is not clear; further experiments
may be necessary.

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

We have begun a series of measurements investigating flow
modulation techniques for HTO detection. In this technique, the
sample to be measured and a clear air flow are alternately routed
through the ion chamber. We then detect only the output components
with the correct phase relationship to the flow modulation;
the d.c. component is ignored. Therefore, the technique should
not be sensitive to surface contamination within the ion chamber
or to slowly varying y fields.

In support of this project, we have had built two ion
chambers of the type designed to detect HT in a glove box
experiment (AECL-7684, 2.5.3). We are also working on a new
electrometer circuit in which the effects of charge redistributions
resulting from pressure changes in the ion chambers will be
compensated.

2.5 EFFLUENT MONITORING
R.M. Holford

2.5.1 Iodine Detector for Stack-Effluent Monitor

Three iodine detectors of differing sensitivities have been
specified for this system, in order to cover the wide range of
possible counting rates between minor releases and a major accident.
Radio-iodines will be collected from the effluent air using a
charcoal-loaded filter disc mounted in a plastic frame, and will
be measured by a sodium iodide scintillation detector. The
different sensitivities of the detectors will be achieved by
using different air-flow rates and crystal sizes. The electronic
processing of the signals from the detectors will be the same
for all three, and work in the past quarter has concentrated on
this aspect of the design.

Three electronic functions are required. A pre-amplifier is
required, mounted close to the detector, to convert the high-
impedance charge pulses from the photomultiplier tube into low-
impedance voltage pulses suitable for driving a coaxial cable.
The main electronic unit contains a pulse-shaping amplifier
producing a 'fast' output with good time resolution but poor
amplitude resolution, and a 'slow' output with improved amplitude
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resolution but poor time resolution (i.e., a much greater pulse width),
The 'fast' output is used to reject overlapping pulses at a 'slow'
output. The final electronic function required is energy
discrimination based on the 'slow' output pulse, followed by pulse
selection logic to provide the outputs from the unit. The main
output will be a string of logical pulses coming from detector
pulses having amplitudes corresponding to energies in a ±10%
'window' around 364.5 keV, the principal gamma emission of 1 3 1 I .
There will also be two auxiliary outputs. One will be produced by
dividing the counting rate at the 'fast' output by 256, and will give
a measure of the total counting rate seen by the detector for use
by the controlling computer in dead-time correction. A small
2'''Am source will be included in the sodium iodide detectors to
give continuous pulses at a gamma equivalent energy of about 3 MeV,
to allow for automatic gain-stabilization of the detectors. The
electronics must therefore be designed to handle pulses of this
amplitude, and must also include a high energy discriminator with a
digital output for this purpose. The controller will be programmed
to adjust the gain of the detectors (by varying the photomultiplier
tube voltage) in such a way as to hold the counting rate in the
high energy channel to about half the expected counting rate from
the Am source.

An additional feature of the unit is a 'tuning indicator'. This
is constructed by providing an additional discriminator set at a
voltage level corresponding to the principal I 3 1I energy, i.e.,
exactly 364.5 keV, and it allows the unit to compare the counting
rates in the upper and lower halves of the 1 3 1I window, the main
output. The comparison is carried out digitally, using an 'up-
down counter', and the result is displayed by a pair of light-
emitting diodes. This check is in addition to that provided by
the stabilization circuit and is required because the 'Gamma
Equivalent Energy' of the Am source is likely to vary between
detectors, although it should be stable for any given detector.

A prototype of the electronic system described above has been
constructed and tested as far as possible (although the 2h'Am-doped
detectors have not yet arrived), and circuit board layout is nearing
completion.

2.5.2 Noble Gas Detector for Stack Effluent Monitor
A.R. Jones

The mechanical design of the two noble gas sample chambers
has been completed and they are under construction.
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2.6 SEARCH FOR A LOST NEUTRON SOURCE
W.G. Cross and P.J. Bunge

In early March 1982, a 16-Ci (590 GBq), unshielded, Am-Be
neutron source capsule, used for oil-well logging by the
Dresser-Atlas Company, was lost in eastern Venezuela, presumably
somewhere along a 200 km stretch of road. Following unsuccessful
searches by Dresser-Atlas and Venezuelan government personnel,
authorities became concerned that the source had been picked up
and perhaps taken home by someone unaware of its potential hazard.
AECL was invited to send personnel and equipment to aid in the
search.

Tests were made at CRNL to determine what detection system
could be assembled quickly, have the highest detection sensitivity
and be capable of being carried on commercial aircraft by two
operators. Since the source emits both neutrons and high-energy
gamma quanta in comparable numbers, both gamma-ray detectors (Nal
scintillation counters) and neutron detectors (BF3 and 3He
proportional counters) were investigated. T'..e system chosen
comprised two BF3 counters, 6.3 cm in diameter and 48 cm in active
length, each surrounded by 8 cm of paraffin. The electronics was
adapted from standard laboratory units and was powered by 4 small
12-V storage batteries. An audible alarm indicated when the
counting rate exceeded the background rate from cosmic ray
neutrons.

The counters were mounted in a light truck, 2 m above the
road. Search along the road was made at about 15 km/h. Tests
with a duplicate source showed that under these conditions the
source could be reliably detected at 100 m distance on level
ground and, as our experience increased, very probably at 130 m.
Tests were also made with a source in gullies, buried in the earth
and behind hills. The search was made on both sides of the road
where the source was thought to have been lost, in order to "see"
better into steep ravines and ditches. All streets in nearby towns
and villages were also searched. A one-day experimental search was
made with the equipment in a helicopter. Searches with truck-
mounted gamma-ray detectors and hand-held gamma-ray and neutron
detectors were carried out by other organizations.

The source has not been found and it was concluded that it
had very probably been removed from the search area.

Calculations were made of dose rates around the capsule
containing the source. The maximum dose rate on contact was
about 13 rads/h (130 mGy) while the dose equivalent rate at
30 cm was 500 mrem/h (5 mSv).
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2.7 APPLICATION OF INTEGRATED CIRCUIT CHOPPER-STABILIZED AMPLIFIERS AND
SILICON DIODE RADIATION DETECTORS

A.R. Jones

Silicon diodes have been used for the measurement of high
dose-rates l-10" rad/h (IO~2 - 102 Gy/h) at CRNL using FET d.c.
amplifiers. The application of this arrangement to lower dose
rateo has been limited by the voltage drift (^yV/oC) at the input
of the FET amplifier. This voltage produces currents in the diode
which cannot be distinguished from radiation induced currents.

The advent of microcircuit chopper stabilized amplifiers
promises an improvement in sensitivity since the voltage drift
is M O nV/°C.

Using such amplifiers with diffused junction silicon diodes,
drifts have been measured in the range 1 - 4 mrad/h/°C (lO"1*0 uGyh" 1,
"C " 1 ) . To achieve this, lowering of the supply voltages has been
found necessary but this has the added benefit of reducing power consumed.

Two other means of reducing the drift further are being
investigated: (1) use of two amplifiers in a balanced configuration
and (2) linear variation of the power supply voltage with temperature
which has been found to compensate for drift.

2.8 RADIATION INSTRUMENT DEVELOPMENTS
A.R. Jones

2.8.1 Personnel Contamination Monitor AEP-5276

The shoe section of the monitor has been re-designed to

- accommodate larger GM counters for shoe monitoring
- make its use simpler
- accept a roll of thin protective plastic covering which permits

rapid replacement after the accumulation of dirt
- improve access to components for testing or replacement design.

Minor design changes to the hand and main units have been made
in order to replace obsolete components. Also, a stand has been
designed to support the hand section which contains lead shielding.

The efficiencies of the hand and shoe sections have been
measured using 150 cm2 sources of lkC, 60Co, 1 3 7Cs, 36C1 and
90Sr/90Y to characterize detector efficiencies to distributed
sources of the size to be expected on hands or shoes over a wide
0-ray energy range.

This monitor is the recommended replacement for the obsolete
hand monitor AEP-2158 and shoe monitor AEP-2159 and has better
performance, reliability and simplicity of maintenance.
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2.8.2 High Range Beta Dose Rate Meter AEP-5337 and High Range Gamma
Survey Meter AEP-5309A

A report describing both meters is being prepared. The high
range beta dose rate meter is being field tested by R.&I.S. Branch.

2.8.3 Monitor for Airborne g-Emitting Particulates, AEP-5331

The monitor is being field tested by the R.&I.S. Branch.

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

The engineering prototype has been built.

2.8.5 New Head Unit for Alpha-Air Monitor, AEP-10110

The laboratory prototype is being field tested.

2.8.6 Health Physics Sealer/Rate Meter, AEP-5341

The laboratory prototype is being built.

2.8.7 Evaluation of Portable Monitors for the Detection of 2 3 5U and
Sources

Two commercial instruments designed for safeguards use by
security personnel have been evaluated with 0.5 g plutonium and
3 g uranium sources. With these instruments it is possible to
detect these sources at distances of 0.3 to 0.6 m. However, the
use of these instruments and the interpretation of their outputs
are not straightforward. For this reason the use by personnel
who are not very familiar with their characteristics is not
recommended.

At the same time the opportunity was taken to determine the
capability of the doorway monitors which are used to detect
contamination on workers. It was found that they were unable
to detect these test sources of fissile material.

2.9 RADIATION DOSE MONITORING

2.9.1 Radiation Dose Recording
R.M. Holford

An agreement has been reached in principle for the transfer
of AECL radiation dose records to the National Dose Registry,
maintained by Health & Welfare Canada for all other radiation
workers in Canada.
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2.9.2

The first step will be the transfer on magnetic tape of the
data for 1981. Programs for this have been written and a trial
tape has been produced. The only serious problem encountered so
far has been the provision of a job code on the tapes. Various
classifications exist on the AECL personnel files, but none
corresponds well with the classification used by the National
Dose Registry. The solution adopted has been to construct a
complex decision tree based on existing AECL occupation codes
and also on the site, branch and division codes in ambiguous cases.
This classification may require further revision, but this will
not affect the reliability of the records.

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

Since the last report (PR-HS-11) there has been no 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 two extremity doses
exceeding the 4 rem two-weekly administrative control limit.

In the fourteen-week period ending 25 June 1982 and in the

calendar year to this date there were the following distributions

of radiation doses.

CRNL - Whole-Body Dose

f

Dose Range

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen

No. of
monitored
persons

449
2622
86
8
0
0
0

70

81

Weeks

Total
Dose

(rem)

0
152.88
58.98
8.65
0
0
0

mrem

mrem

Calendar Year

No. of
monitored
persons

415
2503
158
64
22
3
0

128

147

Total
Dose

(rem)

0
170.48
113.45
76.07
38.51
6.66
0

mrem

mrem
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Dose Range
rem

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

Average dose
per monitored
persons

Average dose
per exposed
person

Radiochemical Company

Fourteen

No. of
monitored
persons

233
173
1
0
0

21

49

Weeks

Total

Dose

(rem)

0
8.02
0.56
0
0

mrem

mrem

- Whole-Body Dose

Calendar Year

No. of
monitored
persons

179
223
5
0
0

Total

Dose

(rem)

0
16.96
3.37
0
0

50 mrem

89 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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

449
2606
93
15
2
0
0

Total
Dose
(rem)

0
153.66
63.12
17.23
3.18
0

0

75 mrem

87 mrem

Cal3ndar Year

No. of
monitored
persons

415
2471
170
73
26
7
3

Total
Dose
(rem)

0
164.30
122.28
85.97
43.78
16.20
8.02

139 mrem

160 mrem



\

- 22 -

Radiochemical Company - 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

6.50 - 6.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

233
172

1
1
0
0
0

0

Total
Dose
(rem)

0
10.51
0.76
1.02
0
0
0

0

30 mrem

71 mrem

Calendar Year

No. of
monitored
persons

179
208
14
2
2
0
1

1

Total
Dose
(rem)

0
18.88
10.14
2.73
3.20
0
2.94

6.91

110 mrem

196 mrem

2.9.3 Hand Radiation Doses
J.K. Vincent and i.M. Rondeau

In the fourteen-week period ending 25 June 1982 and in the
calendar year to this date the following distributions of extremity
doses were measured by finger-tip TLDs.

less
1.00
2.00
3.00
4.00
5.00
6.00
9.00

Dose Range
rem

than 0.99
- 1.99
- 2.99
- 3.99
- 4.99
- 5.99
- 6.99

- 9.99

Fourteen
Weeks

113
7
1
0
0
0
1
0

CRNL
Calendar
Year

168
9
4
1
0
0
1
0

Radiocheirical
Fourteen
Weeks

27
6
2
0
0
0
1
0

Company
Calendar
Year

24
8
4
3
0
1
0
1



- 23 -

2.10 PUBLICATIONS AND LECTURES

Oral Presentations

W.G. Cross, H. Ing, N.O. Freedman and J. Mainville, "New Tables of
Beta Ray Dose Distributions", presented at Health Physics Society
Annual Meeting, Las Vegas, NV., 28 June - 1 July, 1982.

A.R. Jones, "An Automatic TLD Reader System", presented at Health
Physics Society Annual Meeting, Las Vegas, NV., 28 June - 1 July, 1982.

W.G. Cross, A. Arneja and H. Ing, "Background and Neutron Response
of Electrochemically-Etched CR39", presented at 9th DOE Workshop
on Personnel Neutron Dosimetry, Las Vegas, 23-24 June, 1982.

G. Cowper, "Natural and Industrial Environmental Radiation
Exposures", presented to Canadian College of Physicists in Medicine,
Course on the Hazards of Low Levels of Ionizing Radiation,
Queen's University, Kingston, 24 June 1982.

D.K. Myers, N.J. Gragtmans, J.R. Johnson, R.V. Osborne, L.D. Johnson
and A.R. Jones, "Induction of Mammary Tumors in Rats by Tritium
Beta Rays", presented at Canadian Radiation Protection Association,
Vancouver, B.C., 4-6 May 1982.

H. Ing, "Neutron Dosimetry - An Overview", presented to Chemistry
and Materials Division, CRNL, 28 April 1982.

Publications

G. Cowper, "Measures for the Limitation of Radiation Exposure
Following a Peacetime Nuclear Accident", Proceedings of a Symposium
sponsored by the National Council on Radiation Protection and
Measurements: The Control of Exposure of the Puolic to Ionizing
Radiation in the Event of Accident or Attack. (27-29 April 1981)
NCRP, Bethesda, Maryland (1982).
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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

3.3.2 HYDROGEOCHEMISTRY
Radiocobalt Behaviour
Speciation of Radionuclides
Radiostrontium Behaviour
Bioavailability of Nuclides Present in Groundwater
Particulate or Colloidal Transport of Radionuclides
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
Radionuclide Cycling in Plants

3.3.4 APPLICATION OF NUCLEAR TECHNIQUES
Accelerator Measurement of Carbon-14
Radon and Tritium in Borehole CR22
234U/238U Activity Ratios

3.3.5 APPLICATION OF NUCLEAR FACILITIES
Aquaculture of Freshwater Organisms
Culture of Bivalve Molluscs

3.4 ASSESSMENT
3.4.1 MODELLING

Dispersion of Accidental Releases of Radionuclides to the
Atmosphere at CRNL

Compatibility of Geosphere and Biosphere Assessment Models
Computer Code Development
Tracer Test Site
Deriving Release Limits
Development of Water Quality Criteria for the Aquatic

Environment
Uranium Mill Tailings Management

3.4.2 SITE STUDIES
Perch Lake Basin Hydrology
Perch l,ake Swamp Survey
Nitrate Plant Plume
Glass Block Plume
Reactor 14C in the CRNL Environment

3.4.3 TECHNIQUES
Remote Sensing by Pulsed Radar
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3.5 ANALYSIS AND MONITORING
3.5.1 INSTRUMENTS AND METHODS

Zeeman Atomic Absorption Spectroscopy
Ion Chromatography
Reliability of Precipitation Analyses
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
4lAr in the CRNL Stack Effluent

3.5.3 MONITORING PROGRAMS AND SERVICES
Earth Tide Measurements
Air Pollution Monitoring Station at CRNL
Hydrological Data at Perch Lake
Analyses of Tritium and Ions in Perch Lake .
Air Filter Analyses
CRNL Climatological Report
Meteorological Support of Hybrid-Heating Experiment
Monitoring at CR6
Tracer Injections
Contamination and Leakage Investigations
Environmental Research Branch Emergency Procedures

3.6 PAPERS AND VERBAL PRESENTATIONS
3.6.1 PRESENTED PAPERS
3.6.2 LECTURES AND TALKS
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- R.V. Osborne

Secretarial Staff - E.P. Ryan (reported June 7)
E.O. Sauk

Scientific Staff -

Technical Staff

Co-Op Students

Summer Students

Attached Staff
(Full Time)

P.J. Barry
R.M. Brown
D.R. Champ
E.L. Cooper
R.J. Cornett

F.C.
L.A.
D.E.
A.E.
S-R.
P.C.
J.M.
G.

Brown
Chant
Clegg
Docherty
Gentner
Jay
Judd
Lahaie

R.W.D.
D.R.
J.W.
G.L.
E.

L.A.
H.M.
J.H.
B.A.
S.J.
D.P.
W.J.
J.L.

Killey
Lee
McMahon
Moltyaner
Robertson

Mask
McLaughlin
Munch
Risto
Welch
Wildsraith
Workman
Young

B.E. Harrison (terminated April 27)
P.A. Lapcevic (terminated April 28)

(reported during
the quarter)

Attached Staff
(Part Time)

- I. Beauprie
C. Boulay
V. Corriveau
E. Ells
A. Fuciarelli
J. Gelfand
J. Harrington
D. Myrand
H. Ormrod
P. Procure
M. Rod
C. Selkirk
B. Whatley

- K.J. Inch

- G.M. Milton

S. Winters

- R.E. Jackson

(May 17)
(May 03)
(May 04)
(June 15)
(May 03)
(Apr. 28)
(May 04)
(May 17)
(June 01)
(May 12)
(June 07)
(May 04)
(May 03)

National Hydrological Research
Institute, Environment Canada
Department of Earth Sciences
University of Waterloo
Department of Earth Sciences
University of Waterloo

National Hydrological Research
Institute, Environment Canada
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A.G. Price - Department of Geography
University of Toronto

L.A. Barrie - Atmospheric Environment Service
Environment Canada

M.R. Bowron - National Hydrological Research
Institute, Environment Canada

L.M. Johnston - National Hydrological Research
Institute, Environment Canada

A. Vezima - Biology Department
McGill University

L. Rath - Biology Department
McGill University

H. Mailhot - Biology Department
McGill University
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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 facilities.
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 of radionuclides at fluid/solid interfaces. The latter
involves our general interest in exploiting radioisotopes or our
nuclear facilities for study lug environmental processes.

In the Assessment section the research itesor t'iij.1 f.s 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 purveys 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 netghbourhoods 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.

The first part of the Analysis and Monitoring section comprises
the reports of developments in the various techniques - chemical,
radiocheraical, Instrumental and environmental measurement - that
support the research and monitoring program of the Branch. In subse-
quent parts, the results of the Branch's measurements of current
releases of radioactivity from CRNL to the environment are reported
and the activities of the Branch In other monitoring programs are
noted.

The location of the various research facilities 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

The period has been taken up installing new sensing equipment and
data loggers acquired in the early Spring. A considerably expanded
observational program is envisaged that will enable measurements to be
made over much shorter time scales and a wider spatial distribution of
observation points than has hitherto been possible. The water
temperatures of Perch Lake are now measured at 13 depths (25 cm
intervals) at each of two locations and recorded digitally on tape
every hour.

At Lake Maskinonge water temperatures are now being obtained
hourly at 16 depths (50 cm intervals) at one location near the south
end of the lake and air temperatures at 6 heights in the air above the
lake. A 3 m x 3 m raft has been acquired an.l L'Us Is now being
instrumented to measure -Jatijc temperatures (16 depths), air tempera-
ture and wind speed profiles and wind direction. When completed, the
raft will be moored at the north end of the lake.

Observations at the lake stations will be used to identify and
study the mixing processes in lakes under the influence of the wind
and to study the effects of atmospheric stability on the heat, mass
and momentum transfers 't.'.i.jien the atmosphere and water. These
studies will also be of value Ln tlie further elucidation of
atmosphere—surface transport processes in general and thus assist in
gaining an understanding of deposition of airborne gases and vapors.

Connection of Groundwaters in Bedrock to Shield Lakes - D.R. Lee m l
S.J. Wiilch

We are applying a variety of investigative tools to the problem
of locating, sampling and monitoring groundwater discharges fron bed-
rock on the Precambrian Shield. In the last quarter we measured the
permeability of rock at one location near Chalk Lake (borehole CR22)
using constant-head and falling head tests. Values ranged from
moderate to low permeability (1.5xl0~5 to 4.0x10"^ m>s~l).
Static head co.nlItLons along the length of CR22 indicated upward flow
potentials (i.e. potential for groundwater discharge). Eight 3-m long
segments of borehole CR22 were permeable enough to be pumped at rates
of 120 to 760 mL'rain"^, and yielded water that was retained for
future analyses. Parameters measured in the field (pH, Eh, oxygen,
alkalinity, and electrical conductance) were within the ranges already
observed elsewhere in boreholes around this lake.

Our 1981 multiple packer/standpipe systa.ii Cor shallow-rock bore-
holes was limited to four monitoring intervals. We have built a new
system that is cheaper and that permits us to monitor six intervals in
each borehole.
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Pore-water from Maskinonge lakebed sediments will be sampled and
analyzed for chemical, isotopic and piezometric information to deter-
mine the hydraulic significance of fracture features which lie beneath
lakes. We have tested a field-portable radon detector and have found
repeatability to be good. We hope to use radon gas as a means of dis-
cerning the presence or absence of groundwater movement upward through
lakebed sediments. We have marked a 100 m transect along which we
will be studying sediment pore-water in Maskinonge Lake. This
transect lies across a fracture that has, on both the east and west
sides of the lake, high hydraulic head and high hydraulic
conductivity. We are planning to extend this work to surface waters
in plutonic-rock systems in the East Bull Lake Research Area.

3.3.2 HYDROGEOCHEMISTRY

Radiocobalt Behaviour - R.W.D. Killey

Because of the known heterogeneity of contamination downgradient
of the Chemical Pit, a column of contaminated sediments from a third
location in the plume was eluted for 2 months during the past quarter.
Procedures were identical to those reported for the previous column
tests.

Channelling in the first core taken for this experiment had been
detected by analysis of the ^H elution curve, and a second core was
taken at the same location and sectioned. The 2-month elution of this
second core has just been completed, and desorption testing of the
sediments has begun. Dissolved "^Co in t^e effluent from the
column showed the previous pattern of a rapid decline to very low
levels, although in this test a small peak in the release of sorbed
radiocobalt was observed after passage of about 5 column volumes of
eluant.

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

In PR-HS-10 we reported that a 20 L sample of groundwater from
the East Swamp was collected in December 1981. The speciation of the
radionuclides present in this sample was studied using a variety of
techniques. The various separated fractions from this work have been
analyzed by gamma-ray spectrometry. Many of the results obtained for
"^Co, 10"Ru and the added -*'Co tracer were similar to those obtained
earlier. The big advantage in this case is that all the techniques
were applied to a single sample and the results can be compared. For
instance, we have compared the ion exchange and ultrafiltration
results for 60Co and -^Co an(j c a n conclude that there is some
excess complexing capacity for Co in this groundwater. Furthermore,
only about 1 percent of the °®Co present in the groundwater exists
as weak anionic complexes, while about 80 percent exists as strong
anionic species.

We also studied the stability of the 60£O species as a
function of solution pH. From the results we have concluded that
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there may be at least two strong anionic 60go complexes in
solution. One of these appears to dissociate at pH 2, while the other
remains intact down to pH 1. However, at pH 1 this latter species
becomes neutral in a 0.1M NaCl solution.

Since the results for "^Co speciation have been encouraging,
we have decided to go ahead with actinide analyses which will be
undertaken as time permits.

Radiostrontium Behaviour - D.R. Champ and P. Lapcevic

The experimental component of our detailed assessment of a field
column technique for studying radionucllde contaminant behaviour in a
groundwater flow system was completed during this quarter. Radio-
strontium was used as a test solute in these experiments. We are
still analyzing and interpreting the data.

We have compiled the data on strontium behaviour in laboratory
batch sorption experiments and in 'field column' experiments. The
analysis of both sediment solution distribution coefficients for
O C Q C

°J Sr and the sites of sorption of sorbed tracer -'Sr, on
the columns, has been completed. The analysis of °^sr break-
through data from the columns has not yet been completed.

Batch strontium distribution coefficients (K(j^
r) were

determined on sediments from 2.5 to 3.5 metres corresponding to the
depth of the cores used for columns. Kj determinations were made on
fresh, on freeze-dried and on oven-dried sediments. Values for
K d

S r varied from 10.8 to 17.9 with a mean of 13.5 which is in
good agreement with Gillham's value of 15.5 for Chalk River sands.
No clearly definable differences were noted between results from the
three sample preparation methods.

Values of K^ r from columns of contaminated sediment were
determined by separating interstitial pore waters from contaminated
sediments and then determining "sr in both phases. The values
varied, depending on contact time in the column. Mean distribution
coefficients of 5.9 and 23.3 were determined following ^66 and 5 days
contact on the column, respectively. The significance of this
variation with contact time will be considered with respect to
previous field investigations in the Perch Lake Basin.

Leaching of 85Sr, with 0.1M SrCl2 and acidified hydrox-
ylamine hydrochloride, from sediments recovered from the columns did
not provide a clear explanation for the K,jSr variation with
contact time. On the basis of the higher Kj r at 5 days ono
might expect a larger percentage of °$ST to be associated with
oxyhydroxide coatings which would be removed only by leaching with
hydroxylamine solution. Approximately 95% of the "Sr was ion
exchangeable, i.e. removed with 0.1M SrCl2» following both short and
long contact times.

Gillham et al., Studies of cesium and strontium migration in
unconsolidated Canadian geologic material. Report submitted to
Atomic Enerev Control Board, 1978.
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The final compilation and analysis of the above data will be
completed before Fall as a necessary prerequisite to our decision on
whether to proceed with field column techniques for assessing the
behaviour of other contaminants, such as Tc or Np, in groundwater flow
systems .

Bioavailability of Nuclides Present in Groundwater - E.L. Cooper,
D.E. Clegg and G. Lahaie

As reported in the last progress report (PR-HS-11) we have
repeated the measurement of bioavailability of nuclides in groundwater
to bean plants- The effect of phosphate on the uptake of 5/c0>
"Co and °5m-pc w a s studied by growing bush beans on ground-
water containing 2 ppm phosphate and 200 ppm phosphate. The samples
have now been analyzed and the concentration factors for the roots,
stems and leaves have been calculated. We have concluded that for
"->mjc th e concentration factors for the leaves are greater than
those for the roots for plants grown in 2 ppm phosphate, while for
plants grown in 200 ppm phosphate the concentration factors for the
leaves are less than those for the roots. Unfortunately, growth was
very poor in the 200 ppm phosphate solution and only one plant could be
harvested. Thus the experiment will have to be repeated, probably with
a somewhat lower concentration of phosphate.

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

The continuous release of radionuclides ( ^Cs ancj
as particulates or colloids from spiked core columns has

been reported previously (PR-HS-5, PR-HS-9). Current studies are of
the influence of altered geochemical conditions on the release rates
and speciation of Pu and Am (a minor contaminant in the Pu solution).

The oxidizing groundwaters (EH=490 mV) used for elutlng the
columns were altered by passing the column eluent through a section of
silicone tubing that was immersed in an acidified sodium sulfide
solution inside a pressure bomb. The diffusion of H2S into the
groundwater eluent reduced the measured potential to -270 mV
(ER%-20 mV). Under oxidizing conditions 24lAm accounted for
approximately 11% of the alpha-activity eluting from the columns. The
particulates fraction, that material retained by a 0.45 urn filter,
accounted for 50 to 70% of the total activity for both Pu and Am.
Under our reducing conditions ^ A m accounted for greater than 60£
of the alpha-activity released from the column. Under these conditions
the release rate of Pu, as a percentage of the nuclide inventory on the
column, decreased 6-fold while that of Am increased ^2.5-fold. Prelim-
inary analysis of the chemical species in the column effluent has shown
that under the reducing conditions the ^ A m in the effluent is no
longer associated with particulates and only a small fraction is
colloidal; greater than BOX is soluble. More than 50% of the Pu
remains associated with particulates.
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Column elution under the 2 geochemical regimes is continuing and
the physical and chemical characteristics of the transported radio-
nuclides are being further examined.

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

S. Winters has started a research project for an M.Sc. thesis,
under the supervision of D.R. Lee, on the migration of synthetic
organic compounds from a municipal-industrial landfill into surface
waters. The work is intended to determine the changes in organic
content of groundwater as it surfaces and flows over land to a creek
near the North Bay, Ontario, landfill. A contaminant plume, emanating
from this landfill, and areas of contaminant discharge to the surface
have been identified. Experimental columns for use at North Bay are
now being designed, built, and field-tested at CRNL. These "in situ"
columns will be used to investigate organic-contaminant migration at
the point of groundwater emergence at the surface.

3.3.3 AQUATIC RADIOECOLOGY

Uptake of Radionuclldes by Freshwater Clams - J.W. McMahon,
A.E. Docherty and S-R. Gentner

The removal of radioactive particles from water by filter-feeding
organisms such as clams and their subsequent deposition onto lake
sediments, as contaminated biodeposits, may be important factors in
determining the ultimate fate of nuclides in the aquatic environment.
Initial field experiments indicate that individual clams, pumping
10 to 15 L-d~l of natural lake water, can deposit 15 to 20 mg (dry
weight) of faecal material ("biodeposits") in the same period.

Laboratory procedures currently being evaluated for the quanti-
tative determination of clam biodeposits in water are vacuum filtration,
centrifugation and evaporation.

Nuclide Concentrations in Freshwaters - R.J. Cornett and L. Chant

To predict the concentration of a nuclide discharged into a lake
or river the rate that the nuclide is removed from the water column
and deposited in the sediments must be estimated. Limnologists
usually view the movement of contaminants from the water column to the
sediments as a result of the interaction of the nuclide with partic-
ulate matter in the water column. The particle settles from the water
carrying the absorbed nuclide with it. In this hypothesis the direct
adsorption or exchange of nuclides with the lake sediments is assumed to
be unimportant. This assumption has not been tested rigorously.
However the hypothesis can be tested by predicting that the rate of
accumulation of a nuclide in individual sediment c^res from a lake
should be proportional to the rate that the bulk sediments accumulate in
the core. This prediction can be further simplified because the rate of
bulk sediment accumulation in cores is proportional to the depth of
water overlying the coring location.



- 35 -

The hypothesis that the mass of 1-^Cs deposited in sediment
cores from atmospheric weapons tests is proportional to the mass of
bulk sediment accumulated in the cores over the same time period was
tested by measuring the activity of ''Cs in sediment cores from
two small shield lakes. In these lakes, bulk sediment accumulation
increases with depth in the lake (Dillon and Evans 1982, in press).

The dried sediments were Ycounted on a Ge(Li) detector in the low
background environment of Building 560. Results from both lakes do
not support the hypothesis. The amount of ^37Q S accumulated In the
sediments of individual cores is not correlated with the depth that the
core was collected, nor is the amount of *"cs in the sediments
correlated with the accumulation of bulk sediment or the mass of
anthropogenic heavy metals measured in the cores. We interpret these
results to mean that the direct exchange or adsorption of ^''Cs
with lake sediments may be an important pathway of nuclide removal from
the water column. To test this hypothesis, two simple methods of
measuring the total exchange capacity and the Cs exchange capacity of
the lake sediments have been developed using a *34Q S tracer and
sodium acetate extraction. In the next quarter these methods will be
used to compare the exchange capacity of sediments and the mass of
137cs in individual cores.

During the past quarter, 50 cores of lake- sediment were collected
from each of three small lakes close to CRNL. Analyses of these cores
will test further the hypotheses stated above. In addition the frac-
tional rates of sedimentation of nuclides added to the lakes by the
fallout from atmospheric weapons tests will be measured. The fractional
rates of sedimentation will be used to test the hypothesis that the
sedimentation of a nuclide is inversely proportional to the flushing
rate of the lake.

Recycling of Radionuclides in Lake Ecosystems - I.L. Ophel

Stable strontium and "Sr, particularly the exchangeable
fractions, in Perch Lake sediments are closely associated with the
organic fraction of the sediment. This organic matter is mostly plant
detritus originating from both outside the l^ke and produced within the
lake. A preliminary study of ^Co ±n p e r ch Lake has indicated that
its distribution in the sediments is similar to 90Sr. It is
proposed to study the incorporation of ""Co and stable cobalt into
aquatic plants; the loss of the element and radionuclide during
decomposition (detritus production); their incorporation into sediments
and their availability to other plants and food-chain organisms
(recycling). Initial effort will be devoted to finding a suitable
analytical method for the low levels of stable cobalt in the Perch Lake
ecosystem.

Radionuclide Cycling in Plants - S-R. Gentner

The literature on the role of plants in radionuclide transfer
processes is being reviewed with emphasis being on movement of
radionuclides from soil or freshwater into plants under natural
conditions. At present, 135 primary references have been reviewed and
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over 1,000 secondary references have been collected. Concentration
factors and conditions of uptake are being noted specifically as they
are of possible value in the development of models. Fall-out data are
also being collected to assist in the interpretation of above-ground
radionuclide cycling data. Finally, literature dealing with the role
of animals in removing radionuclides from the plant system is being
considered.

3.3.4 APPLICATION OF NUCLEAR TECHNIQUES

Accelerator Measurement of Carbon-14 - R.M. Brown and W.J. Workman
with H.R. Andrews, G.C. Ball, J.C.D. Milton of Nuclear Physics Branch
and N. Burn, Y. Imahori of NRX Reactor Branch

The Tandem is now shut down for installation of the Superconduct-
ing Cyclotron post-accelerator. We expect to resume measurements in
about 1 1/2 years. The ion source will be available within about
one-half year allowing us to improve our source preparation techniques.

Radon and Tritium in Borehole CR22 - W.J. Workman and R.M. Brown

The level of unsupported ^ 2 2 ^ ^n groundwater from bedrock
indicates the extent to which diffusion from radium in the rock-mass
or fracture fillings has taken place and is related to the extent of
the fracturing in the system. " 2 ^ an(j t r i t i u m profiles are
being measured on groundwaters from the shallow boreholes around Lake
Maskinonge. Radon was measured by liquid scintillation counting of
2 2 2 ^ anci its daughters after extraction from a 15 mL water
sample into 5 mL of toluene scintillation solution. In CR22, which is
located at the head of Chalk Bay near the surface drainage exit from
the Lake Maskinonge basin, we have observed a maximum in the Rn concen-
trations of 85 Bq.L"1 (2.3 nCi.L"1) at 40-50 m depth with
values of 12 Bq-L"1 (0.3 nCi-L"1) at 15 m, 61 Bq.L"1 (1.7 nCi-L"1)
at the bottom d'pth of 56 m. Tritium concentrations were relatively
constant in the range 4.2 - 7.2 Bq.L"1 ( 3 5 - 6 0 TU) indicating the
presence of some recent surface water but no significant amounts of
nearby Chalk Bay water which has M 2 0 Bq-L"1 (M,000 TU) of reactor
tritium.

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

Using the data obtained to date (see Table 3.3.4), some comparison
is now possible between the uranium contents of several fracture
in-filling materials.

Unfortunately these materials tend to be In the form of a very
thin coating, or several layers of fracture coating, on the fracture
surface; consequently it Is very difficult to obtain a pure sample.
For example, traces of hematite accompanied both calcite and chlorite,
and in the case of chlorite small quantities of rock flour, removed
during ultrasonic vibration, caused an error in sample weight.
Therefore the following U concentrations can be considered accurate to
a factor of 2 only.
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TABLE 3.3.4

ANALYSES OF RELATED SAMPLES: ROCK-FRACTURE FILLING-WATER

u
MS-

Sample pg.

WN1
host rock( l36 m)
c a l c i t e ( 4 8 m)
ca lc i t e (133 m)
hematite(128 m)
water(133 m)

water(455 m)
chlor i t e (458 m)

CR13
host rock, gneiss
(218)
host rock,
pegmatite (250 m)

water(250 m)
fracture calcite
(250 m)
a) outer 32 mg
b) total dissolution

Content
g~l rock
L"^ water

5
5

50
5000

4.0

32.9
50-100

2.2

1.4

14

0.6
0.015

l
2
2
1
3

2
1

1

0

1,

1.
2,

34U/238U

activity
ratio

.14

.4

.2

.35

.04

.02

.25

.2

.93

.76

.5

.3

± .01
+ .18
± .10
+ .05
± .10

± .04
+ .10

± .11

± .05

+ .02

+ . 5
± .7

r

from 234u/23«u
activity ratio

127,000
185,000
630,000

535,000

AGE'

from 23Orh/i:3»u
activity ratio

80,000 :
85,000 -

101,000 :

295,000 ;

t 11,000
»• 260,000
t 2,600

t 102,000

Ages for these materials, calculated from observed
activity ratios, have been compared with those calculated solely from
the apparent changes with time in ̂ 34^/238^ activity ratios.
The necessary assumption that the initial activity ratio of the uranium
incorporated in these materials was the same as hat observed in
present-day percolating waters is certainly open to question.

In the case '"f calcite, we see that the two 'ages' so calculated
are not incompatible, with the higher concentration of uranium corre-
sponding to a longer 'age' for the calcite. In the sample from the
133 m depth, dissolution of outer, middle and total sample yielded
progressively older depositional times (from the U-Th) for the calcite.
The uranium activity ratios, then, provide an estimate of mean residence
time for the uranium in the calcite, rather than a depositional age for
the calcite. Results from a piece of fracture calcite from CR13,
indicating that virtually all the uranium was in the outer layers, has
reinforced our belief in recrystallization as the mechanism for U
entrapment in this material. In this case, U concentrations were very
low; unfortunately an excess of thorium over uranium in this calcite
made calculations of U residence time impossible.
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In the case of chlorite, the two calculated 'ages' are again not
in wide disagreement, but these numbers may represent a combination of
mean time of adsorption and a mean time for deposition of this filling,
since we tuight expect some U to accompany the weathering product during
mobilization and deposition.

The situation with hematite appears considerably more complex.
The discrepancy between the two dates is very large. Since in many
cases the hematite is deposited on top of calcite, it cannot be the
older of the two materials at this site. It would seem probable that
only a small percentage of the U content of this material was deposited
with it, and most has been adsorbed from groundwaters flowing past
subsequently. At the same time '^U has been removed preferentially
by recoil into the waters from material already absorbed, resulting in
lowered activity ratios in the hematite. The same recoil mechanism,
subdued by lattice or other structural barriers, may have been
responsible for the smaller 'age' discrepancies noted for calcites and
chlorites .

Better sequential extraction procedures in cases of mixed filling
materials might yield considerably more detailed information in this
regard, though, again, the very small quantities of such material avail-
able inevitably introduce substantial inaccuracies.

Casing of the WN1 borehole is now complete, and detailed water
sampling will commence shortly. Further sampling at depth in CR13
will also be done this Summer. Analyses of these samples should
provide us with considerably expanded profiles of water and associated
fracture filling materials for these two boreholes.

3.3.5 APPLICATION OF NUCLEAR FACILITIES

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

Field studies were continued on the combined effect of low grade
heat (22±O.5°C) and nutrient enrichment on the growth rate of the green
alga Scenedesmus bijugatus. The maximum daily growth rate to date for
this species was achieved with additions of the nutrients phosphorous
(as PO4) at RO jig-L"1 and nitrogen (as NO3) at 600 ng'L"1.
Further nutrient enrichment using various combinations of ferric
citrate, magnesium sulphate and micronutrients did not enhance growth
rate. This study is continuing.

Culture of Bivalve Molluscs - J.W. McMahon and A.E. Docherty

Studies were continued on the growth rate of the freshwater clam
(Elliptio complanatus) feeding on natural lake plankton or lake
plankton supplemented with cornstarch, wheat flour or algae at an
elevated temperature (2O±O.5°C). A control group (10°C) received
similar food combinations. The condition index (CI) - the ratio of
meat volume to shell cavity - at the start of the experiment was
';.Ax0.58. Following a 16-week feeding period clams, in heated water,
receiving either wheat or starch had condition index values of
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7.05±1.58 and 8.52±1.81 respectively. These values were almost double
the original CI. The condition index for clams fed on lake plankton
or lake plankton plus algae showed no significant increase.

Among the control clams (10°C) the highest CI (8.39±0.95) was
found in clams receiving only lake plankton. Those feeding on wheat
or starch supplements showed increases in their CI of 30 and 35%,
respectively, above the original value. This work is continuing.

3.4 ASSESSMENT

3.4.1 MODELLING

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

Instruments for measuring air temperature, horizontal wind speed
and direction, and lightning protection equipment were mounted on the
65 m tower at Perch Lake during the week of June 7. Data are being
printed every 6 minutes, and appear to be correct.

The aerovane on Building 456 continues to operate well.
Compilation of wind speed and direction frequency tables has been
started.

The Gaussian plume model has been run with Briggs and Hosker-
Smith equations for dispersion parameters <Jy and az (see PR-HS-11).
Results show that for a given atmospheric stability, and for distances
greater than 3 km from the source, concentration estimates are
insensitive to either the choice of equations or the roughness length
used in the Hosker-Smith scheme. Since these equations are empirical
and based on experiments over flat terrain, they are probably not valid
at CRNL and site-specific parameters are desirable. We propose to use
the observed standard deviation, °6, of the horizontal wind direction
for estimating the horizontal dispersion parameter ay, given by

a = aef(x)
where f(x) is a fraction of the distance from the source. Since a0 is a
measure of the horizontal turbulence component, this method
automatically accounts for the effect of terrain roughness and
atmospheric stability.

Compatibility of Geosphere and Biosphere Assessment Models

The geosphere model of radionuclide transport from a deep
geologic repository for spent fuel to the biosphere used in the
current assessments of doses for the high level waste management
program, provides an output to the unconsolidated groundwater flow
regimes which is Incompatible with the Input needs of available
transport models in that medium. Accordingly a new geosphere model
has been formulated which overcomes the problems raised by this
incompatibility. It also incidentally leads to a very much lower flux
of radionuclides from the vault to the biosphere. This is because
while In the old model the diffusive fluxes of radionuclides In most
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scenarios postulated exceeded the advective fluxes by up to many orders
of magnitude, the new model shows that the diffusive fluxes can never
exceed those due to advection.

Major uncertainties in the geosphere modelling still appear to be
(a) the physical nature of the flow connecting the vault and the flow
of water in the host crystalline rock; (b) the influence of heat gener-
ated in the vault on the flow regime relative to that of hydraulic
gradients within the rock; (c) dispersion in fractured flow.

Computer Code Development - G.L. Moltyaner

Two computer programs to calculate 2-dimensional groundwater flow
patterns have been tested against the ability to simulate groundwater
flow. For example, the local flow field that represents a vertical
cross section through the plume from the nitrate plant near Lake 233
has been computed. It was concluded that the programs are capable of
simulating water flow provided that there is sufficient quantity of
data from field observations available as input information to the
programs. The 2-dimensional finite element code to calculate a radio-
nuclide transport in groundwater based on the solution of flow and mass
transfer equations has been implemented and evaluation of this code has
started.

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

Drilling at the site selected for study of contaminant dispersion
is currently underway. Investigations have focused on a 150 m x 50 m
area at the northwest corner of Twin Lake (Fig. 3.2) and the data
required for mathematical modelling are being obtained from closely
spaced continuous coring, hydrogeologic testing, and installed monitors .
An apparatus using fluoride ion to measure groundwater flow velocity by
borehole dilution has been designed, constructed and put into routine
operation at the tracer test site. Testing is done in 3.1 cm x 76 cm
well points driven into sediments ahead of the borehole after extracting
a sediment core- Other hydrogeologic testing Includes measurements of
hydraulic conductivity (by single-well tests, permeameter tests, and
grain size analysis), porosity, and hydraulic head distributions.

Measured flow velocities range from A5 to 7 5 cm-d"*; in com-
parison, previous velocity estimates from hydraulic conductivity and
gradient data ranged from 45 to 55 cm'd"'-. Porosities measured to
date average 0.38, ranging from 0.35 to 0.42. Some correlation between
zones of high porosity and pulsed radar reflections has been noted. One
of the recent boreholes has been screened over the 10 m thickness of the
aquifer, necessary for pumping tests and tracer injection.

Deriving Release Limits - I.L. Ophel

A working group is preparing a document "Guidelines for Deriving
Release Limits of Radioactivity in Gaseous and Liquid Effluents" for
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the Canadian Standards Association. The first draft has been reviewed
by the working group and the revised second draft is being assembled
for working group and CSA approval, and for eventual publication as
CSA Standard N288.1.

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 environ-
ment; (2) develop water quality criteria for the protection of the
aquatic environment. The final draft of the document is now being
edited by the NRC secretariat, prior to Panel approval.

Uranium Mill Tailings Management - R.V. Osborne

A working group, with R.V. Osborne as co-chairman, has been set
up by the Nuclear Energy Agency of OECD to study the applicability of
the ICRP system of dose limitation to the management of uranium mill
tailings. Reference sites in Australia, the USA and Canada have been
defined, management options costed and the radiation doses from radio—
nuclides dispersed from the tailings determined, either from existing
data or by new modelling. The values of incremental cost-effectiveness
between options have been estimated, reduction in collective effective
dose equivalent commitment being the measure of effectiveness. Included
in the options are erodible and non-erodible covers, vegetative covers,
impermeable dams, removal of radium and thorium, and burial of waste
rock.

From the preliminary results it has been observed that incremen-
tal cost-effectiveness values between some options differ by orders of
magnitude. Such analyses may therefore have weight in deciding the
preferred management strategy. It is also apparent that the choice of
integrating time for collective dose commitment and of dose rates down
to which the collective doses are Included in the summation may have a
major effect on the incremental cost-effectiveness values and hence on
the option that would be selected as optimum In a complete cost-benefit
analysis In the ICRP manner. In actual applications it is also clear
that the predictions of other models used may be sufficiently uncertain
for the differences in collective dose commitments between various
options to be not significant in the longer (e.g. thousands of years)
time-scale considered.

3.4.2 SITE STUDIES

Perch Lake Basin Hydrology - P.J. Barry

Major anions are being analyzed on some 600 samples of
groundwater collected in the late Spring In the Perch Lake Swamp and
the shoreline of Perch I.ake. Chloride present in relatively high
concentrations from the salting of the plant road in Winter and
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tritium from the reactor pit provide useful tracers of groundwater
trajectories below the Swamp. Sulphate is a similarly useful though
more complex tracer because of its reactivity in the groundwater regime.
Its distribution in the waters beneath the Swamp is highly non-uniform
and this at one time has been thought to be due to the presence of
natural sources and sinks within the system. However, in one
observation well, NW of the reactor pit, very high concentrations of
sulphate (MOO g"m~3) in the groundwater have been observed.
Neither the origin of this sulphate nor its contribution to the sulphate
levels found in the lower parts of the system are known. Somewhat
surprising is that the well showing high sulphate levels is low in
tritium content whereas the wells to the south of the pit show
relatively high tritium levels but near normal sulphate levels. The
high sulphate levels to the NW of the pit therefore do not appear to
arise from the current discharges.

The hydrology of the drainage system from the pit to Perch Lake
is clearly much more complex than hitherto suspected. It has, further-
more, apparently undergone changes in the past 20 years. This may be
due partly to differences in the volumetric rates of water discharged to
the pit between the 1960's and now, resulting from the major construc-
tion activities around Perch Lake during the mid-1960's or perhaps
natural evolutionary changes in the flow regimes in and around the pit
since its construction.

Perch Lake Swamp Survey - R.W. Killey and J.H. Munch

Despite several studies of the movement of •% from ongoing
disposals of low-level contaminated water into an infiltration pit
(Reactor Pit No. 2), discrepancies between predicted and observed
tritium concentrations in surface waters in the Perch Lake Basin have
persisted. During the past quarter, six more continuously cored bore-
holes instrumented with multi-level samplers have been added to the 43
already in place. Sampling of the some 600 multi-level piezometers for
tritium and subsequent analyses have been completed, as have hydraulic
head measurements.

Three main routes of JH migration into surface waters have now
been defined. These are:

- discharge to the South Swamp and Perch Lake Swamp after less
than 200 m of subsurface migration, with subsequent transport
to Perch Lake via the Main Stream (Fig. 3.2).

- subsurface transport through the fine sand aquifer below the
Perch Lake Swamp, discharging directly to Perch Lake.

- subsurface transport through a deep medium sand aquifer
(apparently a buried stream channel), discharging directly to
Perch Creek about 60 m downstream of the weir at the outlet of
Perch Lake.

The third pathway listed here was previously unknown.
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•% concentrations in Perch Creek have been measured above and
below the streambed spring where discharge from the medium sand
aquifer occurs. Results show that the % input to Perch Creek from
this aquifer is between 2/3 and 3/4 of the flux from Perch Lake
itself, and we are confident that this pathway will account for the
previously observed discrepancies in % distribution.

From the Spring sampling program, we have estimated the inventory
of 3H in the subsurface to be about 200 TBq (5,000 Ci) at present.
During the next quarter, we will try to estimate flow rates and resi-
dence times for the 3 tritium pathways, although difficulties in this
are already foreseen. In particular, we have observed the concentration
of -*H in the Main Stream to remain constant or even increase during
stormflow periods. This is in conflict with classical notions of
groundwater/streamflow interactions, but is in agreement with responses
anticipated where the capillary fringe phenomenon (previously observed
here by the University of Waterloo in small-scale studies - PR-HS-11)
occurs over wide areas. Procedures for the predictive evaluation of
this phenomenon do not exist yet, and we are hoping to support further
research of the process by the University of Waterloo.

Stream gauging and borehole dilution methods will be used to
refine predictions of -'H and groundwater discharges directly to
Perch Creek. One result of the studies to date is that previous
estimates of radionuclide releases from the Perch Lake Basin to the
Ottawa River may be low by a factor of between 1.5 and 2. The Perch
Creek Weir was initially calibrated using the concentration change of
% in the Creek to indicate groundwater input with the assumption
that all tritium came from Perch Lake. The discovery of direct •%
input to the Creek from groundwater discharge invalidates that
assumption, but since the amount of ^H discharge to the Creek is not
known for the time when the calibration was performed, the error in
the flow measurement is unknown.

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

Two more continuously cored boreholes through the ^Sr plume
in the aquifer downgradient of the former Nitrate Plant have been
instrumented with multi-level piezometers to improve hydraulic head
data for mathematical modelling of groundwater flow by G.L. Moltyaner.
Dissolved and sorbed ^Sr concentrations have been measured in
centrifuged core samples, and a grid for further detailed plume
mapping has been established.

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

'^C in the environment around CRNL is being surveyed by
measurements on CO2 from the combustion of vegetation samples and on
NaOR solutions exposed to the atmosphere for CO2 absorption over two
veck periods. CO2 from these samples and solutions is transferred
to a polyethylene sample bag from which it is absorbed into
"Carbosorb" for liquid scintillation counting. This passive
absorption technique, introduced by the Central Safety Services
laboratory of Ontario Hydro, allows a better measurement of the weight
of CO2 absorbed than can be achieved when sample CO2 is bubbled
into an absorber solution because it avoids loss of solvent from the
absorption vial.

To date, the measured concentrations of " C in total carbon
have ranged from 2.4 kBq«g~l (300 percent "modern" (1950) carbon,
or 300 pmC) in the Inner Area to 1.1 kBq-g"1 (130 pmC) at Build-
ing 560, near the Outer Gate at Chalk River. The latter is the
present-day global level comprising natural and residual bomb " C ,
so reactor " C is undetectable at this distance. Concentration
contours around the plant will be determined for comparison with

-'•Ar which is not removed by washout and vegetative uptake
processes which operate on ̂ *C.

3.4.3 TECHNIQUES

Remote Sensing by Pulsed Radar - R.W.D. Killey

Changes in the dielectric constant of geologic materials generate
reflections of radar signals broadcast into the ground. The low
electrical conductivity of most unconsolidated sediments at Chalk
River is ideal for this technique, which is much more sensitive than
other geophysical methods, and which provides continuous profiles
along the line of survey.

A-Cubed, Inc., the contractor for pulsed radar surveys of five
experimental sites at CRNL, has provided filtered records of the field
data collected in the previous quarter. Final, depth-corrected,
profiles have still not been received.

3.5 ANALYSIS AND MONITORING

3.5.1 INSTRUMENTS AND METHODS

Zeeman Atomic Absorption Spectroscopy - J.M. Judd

Work is continuing on optimizing instrument conditions for
elements of environmental interest.

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

A hollow fibre cation suppressor was fitted to the Dlonex 10 ion
chromatograph. This suppressor allows continuous anion analysis
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because it does not require periodic regeneration as did the resin
column suppressor formerly used. Using this system approximately 50
environmental samples can be analyzed for F, Cl, NC>2> PO4, Br,
NO3 and SO4 content in a 24 h time period. Running the Dlonex 10
unattended, however, introduced a calibration problem, for in order to
achieve a low relative standard deviation (RSD) frequent recalibration
of the PH339OA integrator was necessary. To overcome this problem a
sequential programmer was designed using integrated circuits that
instructs the 339OA to 'report', 'recalibrate' and 'enter' for every
5th sample on the turntable. Initially difficulties were encountered
caused by transient voltages generated when relays and pumps were
switched during sample changes. Circuit modifications in the
programmer successfully coped with this problem.

The use of both the fibre suppressor and sequential programmer
have considerably increased analytical precision. For example, the
RSD for SO4 at 10 yg-mL"1 before the modifications was 4.7%.
It is now 0.7%. All other anions showed a substantial reduction in
RSD.

Work is proceeding on detailing the performance capabilities for
measurements of both anions and cations in environmental samples by
ion chromatography; for example, the linearity, standard deviations and
reproducibillty of calibrations on actual environmental samples and
the insensitivity to relatively high Cl ion concentrations.

Reliability of Precipitation Analyses - P.C. Jay

The investigation of the effects of storage time on the measured
concentrations of common anions and cations collected in precipitation
for Environment Canada was concluded In early April. Reproducibility
of anlon/eation analyses of the same sample over a storage period of
three months was inconsistent. Repetitive analyses sometimes showed
increases and at other times decreases in the anion/cation concentra-
tions for the same sample over the storage period. Unfortunately, con-
tinued analysis for a longer period was Impossible because the original
sample volumes were too small. Adequate volumes are now being col-
lected to allow monthly analyses for longer periods. The work will
therefore continue to try to determine the causes of the observed
Irreproduclbility with time.

Field Facilities - P.J. Barry and B.A. Risto

Stream gauging weirs on Main and East Swamp streams above Perch
Lake Swamp are now In service though the weir on Main stream will have
to be raised 20 cm to provide an adequate water drop across the weir
plate during periods of high flow.

Negotiations are presently underway with Water Survey of Canada
for stream gauging weirs to be installed at Perch Creek Weir, Duke
Stream, Bulk Storage Stream and the exit from Maskinonge Lake.
Accurate flows on these streams are needed to assess the fluxes of
radionuclides and other dissolved contaminants from various disposal
areas and leaving the controlled property.
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3.5.2 RADIOLOGICAL MONITORING RESULTS

Gamma Exposure Rates near CRNL - E.L.
and L.A. Mask

Cooper, G. Lahaie, D.E. Clegg

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 radiation. The exposure
rates averaged over the last quarter and the last two calendar years
are given in Table 3.5.2A.

Table 3.5.2A. Gamma Exposure Rates^ in Public Areas:
Quarter 1982. (yR^h"1)

First

Location
(See Fig. 3.2)

1
2
3
4
5
6
7
8
13

Harrington Bay
Deep River

First Quarter
1982

7.8
2.4
2.5
3.4
2.9
6.3
9.2
3.9
-
3.9
4.4

1981
Average

10.5
4.1
2.5
4.1
2.8
3.4
4.0
7.1
7.14

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 CRNL.

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

3 October 1979 to 7 October 1980.

^7 October 1980 to 9 October 1981.

*1 R = 2.58x10"* C-kg"1.

Gamma Exposure 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 Rates* in Exclusion Area:
First Quarter 1982. (yR*h-1)

Location
(Fig. 3.2)

9

10 (office)2

11

16 3

1982
First Quarter

16.5

9.2

5.8

10.2

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.

2
First floor office in Building 513. Shielding factor for the
^ A r gamma radiation is 12. Background in the room due to brick
and concrete construction materials is 13 pR'h"!-.

3Office in CRNL cafeteria.

*1 R = 2.58xlO~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 ^^Cs an<j
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, tritium and '^Sr.
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 °^Sr.
Strontium-90, °^Co and H are still 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 liquid effluent streams discharge radionuclides to
the Ottawa River from the inner area. They are the Process and
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Sanitary Sewers plus the 04 Storm Sewer combined with 04A seepage.
Each of these is sampled regularly and analyzed for individual
nuclides. 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 Was;e Management Area C
and flows into Maskinonge Lake.

The mean daily releases from the Process Sewer are given in Table
3.5.2C for the first quarter of 1982. Most of the radionuclides are
measured by gamma ray spectrometry. Other releases are shown in
Figure 3.5.2B. The daily 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 activity per day rather than mass per day. Since we do not
distinguish ""?u from ^^Pu and the two isotopes have different half-
lives, this is a more meaningful expression; the values for plutonium
therefore represent 2^9pu p i u s 240Pu. F o r comparison with previous
release rates the conversion faction is 1 raCi (37 MBq) = 16.3 rag for
2 3 9Pu.

The tritium concentrations, determined by liquid scintillation
counting, are summarized in Table 3.5.2D, together with the activities
released during the first quarter of 1982.

These surveys of liquid effluents have shown that in all cases
the radioactivity released either directly or indirectly to the Ottawa
River has be<;n less than \% of the Derived Release Limited (DRL).
Thus no significant effect on the environment resulting from
operations at CRNL has been detected.

These surveys of liquid effluents have shown that in all cases
the radioactivity released either directly or indirectly to the Ottawa
River has been less than 1% of the Derived Release Limit (DRL). Thus
no significant 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:
First Quarter 1982.

Radlonuclid°s

90
Sr

137
Cs

144
Ce

106
Ru

140
Ba

131

239
Np

95Zr

54
Mn

46
Sc

59
Fe

65
Zn

60
Co

1 Bq = 27 yCl

* Values rounded

Daily Release*
MBq-d"1

5.9

63

32

<18

64

80

<210

150

42

51

120

62

180

to two significant figures.

Percent of
DRL**

1.3x10
-4

2.2x10
-2

1.4x10
-4

<9.7xl0
-5

3.6x10
-5

1.8x10
-3

2.1x10
-5

7.3x10

4.0x10

-5

-5

3.8x10
-5

1.2x10
-4

2.0x10
-3

1.3x10
-2

**DRL = Derived Release Limit. DRL values have been calculated from
the DRL's given in AECL-7243.
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Table 3.5.2D. Tritium Releases from the Exclusion Area:
First Quarter 1982.

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

Concentration
MBq>m~3

5.2

0.7

8.7

12
2

4.0x10

Quarterly Release
GBq

5.1x10

42

l . lxlO3

3
3.4x10

3
7.2x10

Percent of
DRL*

5.8xlO~ 2

4 .8x lO~ 5

1.2x10

- 3
3.8x10

- 3
8.1x10

1 Bq = 27 pCi

*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 -̂Ar monitor on the stack. The rate of
release of ̂ A r depends on the power levels of NRX and NRU. In
NRU, CO2 in the J-rod annulus replaces moist air to reduce corrosion
of the reactor vessel and also reduces the ̂ A r release rate per
unit power level. 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 4 lAr Releases from Main Stack - 1982

Sampling N R U NRX 4 Ar

Time Power COj Power
Date (EST) MW % MW TBq'd"1

Feb 24 0820 125 Normal Not Operating 45 0.4

May 6 0722 Not Operating 24 135 5.6

Jun 18 0720 127 Normal 24 172 1.4

1 TBq = 27 Ci

MONITORING PROGRAMS AND SERVICES

Earth Tide Measurements - B.A. Risto

Technical support for the earth tide monitoring program was
continued. The program initiated in March of monitoring individual
ports of the cased boreholes was concluded in late May with the return
of Environment Canada personnel and their programs. A Tilt Meter
experiment was set up for D. Bower of Geological Survey of Canada,
Earth Physics Branch, and conducted in conjunction with an injection
test. Tilt Meter equipment will be monitored as the various Injection
and pumping tests are carried out during the field season.

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

Operation of the background pollution station for Atmospheric
Environment Service (Environment Canada) has continued. Precipitation
and particulate air filters are collected daily and are sent to

Hydrological 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
(Environment Canada) for interpretation and estimation of Perch Lake
outlet and inlet stream flows. We have received data for the period
January 1 to January 31, 1982.

Analyses of Tritium and Ions in Perch Lake - P.J. Barry and P.C. Jay

Tritium analysis of daily water samples from Perch Lake Outlet,
Perch Creek Weir and Nos. 1 and 2 inlets was started the first week in
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March. Four new tritium sampling stations, one each at Main Stream,
T-16, East Swamp Stream and the Army Road Culvert, were added to
obtain more detailed knowledge of the tritium concentrations in the
Perch Lake Basin.

There is a tritium concentration of approximately 17 MBq-m~3
entering Perch Lake through No. 2 inlet (the major source of % in
the lake) with approximately 10 MBq«m~3 leaving the lake through
the main outlet. The reduced concentration at the main outlet is
mainly due to dilution by untritiated waters entering the lake from
other sources.

Cation/anion analyses (particularly chloride and sulphate) of the
daily surface and groundwater samples from the Perch Lake Basin were
continued.

Eventually a comparison of the mass fluxes of water and these
dissolved constituents at the point of entry to and departure from the
Perch Lake Swamp will help elucidate the hydrologic controls on
discharge-recharge processes in the Swamp.

Air Filter Analyses - E.L. Cooper and G. Lahaie

The analysis of four air filter samples for °^Sr and
under a commercial contract for Ontario Hydro has been

completed and the results have been reported.

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 across Canada.

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 which started
in 1980 November.

Monitoring at CR6 - B.A. Risto

The monitoring of the borehole pressure test on CR6 for P.
Flavelle of Environment Canada was concluded with the start of the
summer program at the site. A point dilution injection and counting
setup for use with their packer cable system was completed and tested.
This system will be installed for tests in the next quarter.

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

Personnel from Environment Canada, under contract from WNRE as
part of the High Level Waste Management Program, are planning to carry
out a tracer injection test in the Bass Lakes area of the CRNL site in



- 53 -

June of 1982. The tracer to be used in this experiment is 1 3 1 I .
We have assisted in planning this experiment in cooperation with the
R&IS Branch at CRNL. We have responsibility for procuring and
handling the 1 3 I I .

Contamination and Leakage Investigations

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

We have renewed our investigation of contamination in the Storm
Sewer system at CRNL. By using our resin bag samplers and access
provided by Mechanical Services we have been able to locate one entry
point of contamination as being in a particular 20 m length of sewer.
Further excavation has been undertaken to find the source of this
contamination.

Sampling this Spring also revealed another source of
contamination further upstream in the Storm Sewer system. Further
investigation of this source will continue throughout the Summer.

Building 240, Tank 1 - B.A. Risto (with D. Howden, Environmental
Authority

Investigation of the location of a leak from this tank continues
with the monitoring of the piezometers following the Spring thaw.

NRV Rod Bays - B.A. Risto (with K. Marshall and R. Lalor, Mechanical
Services

To begin investigations of this leak, seven test holes had
piezometers installed. Soil and water samples were collected and
analyzed for g and y activity as well as tritium content. Water
levels were also monitored during this period. All results indicated
that the source of the leak is the rod bays - The short-lived nuclides
and particularly 3'Np indicate that a steady leakage rate has
been established. This investigation is continuing.

Environmental Research Branch Emergency Procedures - E.L. Cooper,
D.R. Champ, E. Robertson and B.A. Risto

The training of Environmental Research Branch personnel for
emergency response has been started. Two lecture sessions were held
in April. More comprehensive sessions covering the detailed
procedures for surveying and sampling will be held in the near future.
The emergency kits have been overhauled and updated.

In May, E.L. Cooper and J.A. Bond (of R&IS Branch) attended a
meeting in Ottawa with representatives of the Ontario Ministries of
Labour and the Environment. The objective of the meeting was to
coordinate emergency plans at CRNL and NPD with those of the Ontario
Government.
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3.6 VERBAL PRESENTATIONS

3.6.1 PRESENTED PAPERS

BROWN, R.M., et al., "Recent **C Measurements with the Chalk River
Tandem Accelerator", 11th International Conference, Seattle,
Washington, 1982 June 20 - 25.

CHAMP, D.R., "Geochemistry in the Biosphere - from the Pluton to the
Plant", 13th Information Meeting of the Canadian Nuclear Fuel
Waste Management Program, Chemistry and Geochemistry, Winnipeg,
1982 May 26 and 27.

CHAMP, D.R., "Potential for the Rapid Transport of Plutonium in
Groundwater as Demonstrated by Core Column Studies", Fifth
International Symposium on the Scientific Basis for Radioactive
Waste Management, Berlin, 1982 June 7 - 10.

COOPER, E.L., "A Portable, High Resolution Gamma Ray Spectrometer for
Routine and Emergency Monitoring", Third Annual Conference,
Canadian Radiation Protection Association, Vancouver, B.C., 1982
May 4 - 6 .

MILTON, G.M., "Present Status of Uranium Disequilibrium Studies at
CRNL", 13th Information Meeting of the Canadian Nuclear Fuel
Waste Management Program Chemistry and Geochemistry, Winnipeg,
1982 May 26 and 27.

OSBORNE, R.V., "Alara and the Management of Uranium Mill Tailings",
Third Annual Conference, Canadian Radiation Protection
Association, Vancouver, B.C., 1982 May 4 - 6 .

MYERS, D.K., N.J. GRAGTMANS, J.R. JOHNSON, R.V. OSBORNE, L.D. JOHNSON
and A.R. JONES, "RBE for Induction of Mammary Tumors In Rats by
Tritium g-Rays", Third Annual Conference, Canadian Radiation
Protection Association, Vancouver, B.C., 1982 May 4 - 6 .

OSBORNE, R.V., "Optimizing Radiation Protection in the Management of
Uranium Mill Tailings", International Atomic Energy Agency
Symposium on Management of Wastes from Uranium Mining and
Milling, Albuquerque, New Mexico, 1982 May 10 - 14.

3.6.2 LECTURES AND TALKS

CHAMP, D.R., "Forum on Environmental Research and Biology", Seventh
Annual Science Teachers' Seminar, Participant, CRNL, 1982 April
15 - 17.

CHAMP, D.R., "Geochemlcal Controls in 60Co Transport in
Groundunter Flow Systems", Eidg., Institut fur Reaktorforschung,
Wurenllngen, Switzerland, 1982 June 1.
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CHAMP, D.R., "Geocheraical Studies on the Enhancement of Radionuclide
Mobility - the Potential Role of Colloids or Particulates",
Geologisch-Palaenontologisches Institut, Kiel University, Kiel,
Germany, 1982 June 4.

CHAMP, D.R., "Geochemical and Biogeochemical Processes Influencing
Radionuclide Migration in the Subsurface", Institute fur
Strahlenhygiene des Bundesgesundheitsamtes, Neuherberg, Germany,
1982 June 16.

CHAMP, D.R., "Environmental Hazards Assessment", presentation and
discussion with CRNL Summer Tour Guides, 1982 June 28.

LEE, D.R., "Methods for Monitoring Groundwater-Contaminant Flux into
Surface Waters", University of Waterloo, Contaminant Hydrogeology
Course, 1982 April 24.
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FIGURE 3.2. LOCATION MAP, CHALK RIVER NUCLEAR LABORATORIES PROPERTY.
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FIGURE 3.5.2A. RADIONUCLIDES IN THE OTTAWA RIVER.
1 Be, = 2 7 pCi.
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4. RADIATION BIOLOGY BRANCH

by

D.K. Myers

4.1 Staff

4.2 Aims of the Branch

4.3 Notes on Units Used

4.4 Correlation Between Antipromoters and Agents Which Block Phorbol-ester-
induced DNA Damage in Human White Blood Cells

4.5 Cloning of Human DNA Unique Sequences in E_. coli

4.6 Photoreactivation of Bacteriophage T4 In Vivo

4.7 A Comparison of the Genetic and Somatic Risks to Man From Ionizing
Radiation

4.8 Alkylated DNA Bases Formed on Carcinogen Treatment of Cultured Human
Cells: Identification and Quantitation

4.9 Cancer Risk from Coal-fired Flectricity Generation

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

4.11 Heat-shock-Induced Radiation Resistance in Saccharomyces cerevisiae

4.12 Hyperthermia-induced DNA Damage in Huraan White Blood Cells

4.13 Assessment of Radiation Hazards to Human Populations

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

4.15 Minor Bases in Yeast DNA

4.16 Bleomycin as a Radiation Analogue in Yeast

4.17 Follow-up of Past CRNL Employees

4.18 Publications

4.19 Verbal Presentations

4.19.1 Lectures or Seminars
4.19.2 Local Talks
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4.1 STAFF

Branch Head - D.K. Myers

Professionals

H.C. Blrnbolm

J.D. Childs

N.E. Gentner

N.J. Gragtmans

R.E.J. Mltchel

D.P. Morrison

D.K. Myers

M.C. Paterson
N.T. Bech-Hansen8

P.J. Smith8

P. Unrau

Branch Secretary

B.C. Gillies

Animal House

R.A. McCann
J.W. Murphy

Assistants

J
A

L

K,

M.

P.
B.
E.
B.
D.
S.
R.
G.

M.

.J.

.G.
C.

R.
K.

.D.
B.

.M.
A.
J.

T.

.M.
A.

,A.
P.
A.
M.
A.
J.
S.
M.
D.
J.

C.

Jevcak
Knight.
Bellerby1

Pilon
Kenney

Johnson
Zilber3

Baird
Chan1*
Rens ink5

Hamilton

Werner
Lemke (Cl

Knight
Smith
Stewart (
Zohr7

8

Adams
MacFarlane
McWilliams
Norton9

Hyndman
Boyle11

Wolfgram

(Secretary)
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National Summer Student hired 1982 May 11.
2

Junior Summer Student hired 1982 May 4.

3Concordia Student hired 1982 May 3.

^National Summer Student hired 1982 May 10.

5National Summer Student hired 1982 May 17.

6Part-time staff working on the AECL Health Study.

On maternity leave beginning 1982 February 22.
p

Attached Staff under contract with the U.S. National Cancer Institute Contract
No. N01 81002 (REP No. NCI-CP-FS-81002-65). Terminated 1982 April 30.
g

Temporary employee as of 1982 March 15.

National Summer Sturient hired 1982 May 3.

1 Visiting Scientist as of 1982 May 10.
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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 of 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 NOTES ON UNITS USED

1 Gy = 100 rads

1 MBq = 0.027 raCi

4.4 CORRELATION BETWEEN ANTIPROMOTERS AND AGENTS WHICH BLOCK PHORBOL-ESTER-
INDUCED DNA DAMAGE IN HUMAN WHITE BLOOD CELLS
- H.C. Birnboim, J.J. Jevcak and A.G. Knight

Phorbol esters are compounds, derived from natural plant oils,
which are known to "promote" skin tumors In some animals, that is, they
can increase the number of tumors only after treatment of the animal
with a carcinogen, but alone they are unable to initiate skin tumors.
We have postulated that phorbol esters work in part by stimulating
phagocytic cells to produce DNA-damaging active oxygen radicals. It is
known that several unrelated compounds can block the tumor-promoting
activity of phorbol esters, i.e., they are "antipromoters". We have
now found that four antipromoters also share in common the property of
blocking the DNA damage observed in phagocytic cells (human white blood
cells) on exposure to phorbol ester. These compounds are
dimethylsulfoxide, anthralln, arachidonic acid and disulfiram. These
observations strengthen our hypothesis that phagocytic cells play a
role in tumor promotion.

4.5 CLONING OF HUMAN DNA UNIQUE SEQUENCES IN Z. COLI
- H.C. Birnboim and C. Bellerby

Preliminary experiments have been carried out to establish a
collection of human DNA fragments in hybrid plasmids comprising unique
human sequences. For the most part, these are believed to be sequences
which contain genetic information which codes for cellular proteins.
This collection will be used to examine genetic heterogeneity at the
DNA level, both naturally occurring and induced by various agents.
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Thus far, conditions for cloning of small human DNA fragments are being
worked out.

4.6 PHOTOREACTIVATION OF BACTERIOPHAGE T4 IN VIVO
- J.D. Childs and R. Pilon

We have previously shown that pyrimidine dimers containing
glucosylated 5-hydroxymethyl cytosine (G5HMC) cannot be
photoreactivated tn vitro whereas pyrimidine dimers containing
5HMC (non-glucosylated) can be photoreactivated. We have further shown
that both G5HMC- and 5HMC-containing dimers are formed in appreciable
yield at 313 run but not at 254 nm. As 5HMC- and G5HMC-containing
dimers appear to be important lethal lesions for bacteriophage T4 then
it should be possible to detect differences in the effect of
photoreactivation in vivo on survival; T4 mutants with non-glucosylated
DNA (otgtBgt) should have a larger photoreactivable sector than normal
T4 that has glucosylated 5HMC in its DNA, particularly at 313 nm.

Our initial _in vivo photoreactivation experiments were complicated
by the UV-sensitivity of our agt Bgt mutant. We have now obtained
another independently isolated agt Bgt mutant that has almost the same
UV sensitivity as wild type. This mutant was crossed to a denV mutant
(which is unable to remove pyrimidine dimers from its DNA), and a denV
qgt ggt mutant was isolated. We have found that, as predicted, both
denV and denV agt ggt have a similar photoreactivable sector at 254 nm,
whereas at 313 nm denV agt Bgt is considerably more photoreactivable
than denV. Thus, G5HMC-containing dimers (which are not excised in the
denV mutant) cannot be removed in vivo by photoreactivation. By
contrast, 5HMC-containing dimers (which are also not excised in denV
agt ggt mutants) can be removed In vivo by photoreactivation.

4.7 A COMPARISON OF THE GENETIC AND SOMATIC RISKS TO MAN FROM IONIZING
RADIATION
- J.D. Childs

In considering the deleterious effects of ionizing radiation on
humans, the two most important factors are the number of cancers and
the number of serious genetic disorders induced by a given exposure.
The effect on human ill-health of a genetic disorder cannot be directly
compared with that of a cancer; genetic disorders vary markedly in
their severity, age of onset and effect on longevity. However, it is
possible to compare the life-shortening effect of a genetic disorder
with an incurable cancer. Furthermore, if the product of severity and
duration of symptoms of a genetic disorder are equated to equivalent
years of life lost (i.e., years of disability X degree of disability =
years of indirect loss of life) then a comparison between the genetic
and somatic risks of radiation can be performed. The major genetic
risks from ionizing radiation in the first few generations following
exposure are likely to be from dominant and X-linked recessive
disorders.
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I have calculated that the resulc of exposing a population of
10° persons to 0.01 Gy for one generation would be 160 years of
direct and 110 years-of indirect loss of life in the first generation
following the radiation exposure, and 700 years of direct and 500 years
of indirect loss of life over all generations due to the induction of
dominant and X-linked recessive disorders. These figures can be
compared with the direct loss of life due to Induction of Incurable
cancer for the same radiation exposure of about 3,000 years.

4.8 ALKYLATED DNA BASES FORMED ON CARCINOGEN TREATMENT OF CULTURED HUMAN
CELLS: IDENTIFICATION AND QUANTITATION
- N.E. Gentner and L.D. Johnson

Alkylated DNA bases (base adducts) are reaction products in DNA
formed on exposure of cells to a number of chemical carcinogens.
Quantitation of the different base adducts formed is of paramount
importance in ascertaining the ability of cultured human cells to
respond adequately (repair) to such insult. We are exploring HPLC
regimes to Improve separation of the various reaction products.
Detection and measurement of such products, which may be present in
very tiny amounts, may be performed by: (a) using a carcinogen which
is radioactively labelled in, e.g., the active alkyl group; or (b)
using DNA bases labelled radioactively; or (c) using a radioimmune
assay for detection of unlabelled reaction products, employing
antibodies prepared by monoclonal techniques. Correspondence between
products identified in (a) and (b) would help to identify the
particular base(s) involved, as well as furnish evidence on the site of
modification; such elucidation would aid procedure (c).

Present work concentrates on procedure (b). We have developed
conditions for tn vivo labelling or DNA, verified by HPLC analyses of
the bases, which permit the following DNA-specific labelling patterns:
(i) T only; (ii) C only; (ill) T,C,5MC. In addition, we can label
selective bases In total cellular nucleic acids (i.e., both RNA and
DNA) as (1) U, T, C and MC, or (2) U and C only.

4.9 CANCER RISK FROM COAL-FIRED ELECTRICITY GENERATION
- N.E. Gentner

The carcinogenic risks of coal-fired power production arise not
only from the emitted radionuclides (estimates of the total population
dose commitments suggest 0.1-0.2 fatal neoplasms per GW[e].a) but also
from the chemical combustion products. A previous estimate of cancer
fatalities from these products was calculated from consideration of
emissions of benz-(a)-pyrene (BaP), a known carcinogen: (1) urban
pollution risk estimates suggest that continuous inhalation of all the
combustion products in the average urban atmosphere (containing 2
ng/m' BaP; used as a relative index of the total carcinogenic
potential of the products in question) potentially produces 20-80
additional fatal cancers per lO** persons per year; (2) direct BaP
emissions from coal-fired power plants account for 0.14% of total U.S.
BaP emissions, are associated with the generation of 0.45 kW(e)/person;



- 65 -

therefore these direct emissions may result in 0.06-0.24 additional
fatal cancers/GW(e).a.

According to recent E.P.A. data, however, the major source of U.S.
BaP emissions (63.4% of total) is from combustion in "coal refuse
piles, outcrops, and abandoned mines". Since 76% of coal is used for
electricity generation, 48% of total BaP emissions (0.76 x 63.4%) could
reasonably be attributed to such use; these emissions may therefore
potentially account for as much as 21-85 additional fatal
cancers/GW(e) .a. For comparison, estimates of cancer risk for nuclear
electricity generation are in the range 0.5-1 additional fatal
cancers/GW(e).a.

4.10 A COMPARATIVE STUDY OF CARCINOGENESIS
IONIZING RADIATION
- N.J. Gragtmans and D.K. Myers

IN RATS BY DIFFERENT TYPES OF

Since the last quarterly progress report, the incidence of animals
developing mammary tumors exceeded 50% In several treatment groups;
these were subsequently sacrificed. The remaining treatment groups
will be terminated upon reaching this endpoint and an RBE value for HT0
will at that time be calculated from the period of time
post-Irradiation required to yield a 50% animal incidence level.

Another method for RBE estimation is the determination of percent
animals with tumors as well as the tumor Incidence over a given period
of time, e.g., up to 500 days of age. The results at 500 days/100
animalb are presented in Table 1. It appears that, using the latter
method of RBE estimation, HTO-beta rays give a biological effect
comparable to X-rays, while the Cobalt-60 gamma rays are difficult to
interpret. A formal report of this project to date is being prepared.

TABLE 1

Animal Incidence
(500 days/100 rats
= 50,000 rat days)

Actual Excess

Number of Tumors
(500 days/100 rats
= 50,000 rat days)

Actual Excess

Controls
0.44 MBq HTO/g (0.5 Gy)
0.89 MBq HTO/g (1.0 Gy)
1.78 MBq HTO/g (1.9 Gy)
3.7 MBq HTO/g (4.4 Gy)
0.29 Gy chronic X-ray
0.57 Gy chronic X-ray
1.1 Gy chronic X-ray
2.0 Gy chronic X-ray
0.57 Gy acute X-ray
1.78 Gy acute X-ray
0.64 Gy acute gamma
0.93 Gy chronic gamma

15.1
31.2
46.2
69.5
98.1
31.2
36.0
45.0
68.6
37.6
85.8
30.0
19.2

0.0
16.1
31.1
54.4
82.9
16.0
20.9
29.9
53.5
22.5
70.6
14.9
4.0

17.8
44.5
58.5
106.1
196.2
38.1
47.4
58.2

115.6
44.6

152.3
34.3
23.5

0.0
26.6
40.6
88.3

178.3
20.3
29.6
40.4
97.8
26.8
134.5
16.5
5.7
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4.11 HEAT-SHOCK-INDUCED RADIATION RESISTANCE IN SACCHAROMYCES CEREVISIAE
- R.E.J. Mitchel, D.P. Morrison, K.M. Baird and T.L. Hamilton

Our earlier work showed that the resistance of j>. cerevisiae to
ionizing radiation was increased by prior exposure to an elevated
growth temperature. This increased resistance following "heat shock"
was shown to be due, in large part, to an Increase in the cell's
capacity for recombinational repair of its DNA. We have now examined
the effect of heat shock on a second M A repair mode, the excision
repair pathway, by testing the resistance of heat shocked cells to
ultraviolet radiation. We have found that wild type cells are also
induced to increased levels of UV resistance by heat shock. However,
when mutants were tested which were deficient in recombinational repair
capacity (rec~) there was no increase In resistance to UV. We
conclude therefore that heat shock Induces increased capacity for yeast
to repair DNA damage by the recombinational repair pathway but the
excision repair activity is unaffected.

4.12 HYPERTHERMIA-INDUCED DNA DAMAGE IN HUMAN WHITE BLOOD CELLS
- R.E.J. Mitchel, H.C. Birnbolm, M. Plattner, J.J. Jevcak and

A.G. Knight

We are continuing our investigation into the mechanisms of heat-
induced DNA damage in human white blood cells (WBC).

We have found that rejoining of hyperthermia-induced DNA strand
breaks did not occur during subsequent incubation of WBC at normal
temperature for 30 min, in marked contrast to the rapid repair of
ionizing-radiation-induced breaks in this time period. We had
previously shown that hyperthermia also impairs the cells' ability to
repair radiation damage. Our Investigations Into the mechanism of heat-
induced damage suggest a triggering phenomenon. Breaks are introduced
in cellular DNA upon exposure of the cells to heat (45°C), but these
breaks continue to increase In number even after the cells are returned
to normal body temperature (37°C). These breaks in DNA are therefore
not due to the direct action of heat on DNA, but likely to a secondary
process triggered by the heat treatment. These experiments may help to
explain the synergistic effects of hyperthermia and radiation in cancer
treatment.

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

The review and Input of data on risk estimates to appropriate
subcommittees continues to be successfully completed on schedule.

4.14 LOW DOSE-LOW DOSE RATE GENETIC EFFECTS OF IONIZING RADIATION IN YEAST
- P. Unrau and M.C. Wolfgram with A. Arneja*

Yields of mutation and gene conversion In S_. cerevisiae have been
compared in freshly grown cultures irradiated with 14.5 MeV neutrons,
"®Co y-rays and 150 kVp X-rays, under anoxlc and oxic conditions.
From the data it has proven possible to calculate the relative risk per
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base pair of ionizing radiation leading to mutational or gene
conversional outcomes- On this basis damage leading to mutation is
5-10X as frequent, per base pair, as damage leading to recombination.
This observation may reflect the relative frequencies of base damage
and double strand breaks, respectively. It seems that neutrons under
anoxic conditions are substantially more efficient at inducing
recombination than mutation, perhaps as a consequence of the radiolytic
production of oxygen in ionization tracks.

*Health Physics Branch

4.15 MINOR BASES IN YEAST DNA

- P. Unrau and N.E. Gentner

Nothing to report.

4.16 BLEOMYCIN AS A RADIATION ANALOGUE IN YEAST

- P. Unrau and M.C. Wolfgram

In preliminary experiments it has been shown that bleomycin
induces gene conversion and mutation in wild-type yeast strains.
Radiation-sensitive mutants are being tested to see if genetic
responses are the same to bleomycin as they are to ionizing radiation.

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

A report has been prepared on the follow-up of AECL employees
involved in the clean-up of the 1952 NRX reactor accident. Exposure
records exist for 850 male AECL employees. Of this group 562 remained
with AECL. The standard mortality ratio (SMR) for this group was 0.90.
The data for the remaining 288 males who left employment with AECL is
less certain, but no unusual mortality patterns were observed in either
group.

A similar study relating to the NRU accident in 1958 is in
progress.

The preparation of Employee Identity Summary forms for the
Canadian military personnel who participated In the clean-up is in
progress. These forms will be sent to WNRE for inclusion in the AECL
Health Study.

4.18 PUBLICATIONS

M.A. Marko, R. Chipperfield and H.C. Birnboim: A Procedure for the
Large-Scale Isolation of Highly Purified Plasmid DNA Using
Alkaline Extraction and Binding to Glass Powder. Analytical
Biochemistry 121, p. 382-387 (1982), AECL-7628.
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J.F. McGregor (with revisions by D.K. Myers): Enhancement of Skin
Tumorigcnesis by Cigarette Smoke Condensate Following
6-irrau ^ion in Rats. J. Natl. Cancer Inst. 6_8, p. 605-611
(1982).

R.E.J. Mitchel and D.P. Morrison: Repair Competence for Two Modes of
Oxygen-enhanced Radiation Damage in Saccharomyces cerevisiae.
(Abstract). Proc. of Radiat. Res. Soc. (1982).

R.E.J. Mitchel and H.C. Birnboim: Production of DNA Strand Breaks by
Hyperthermia and Its Influence on the Repair of Radiation-induced
Damage in Human White Blood Cells. (Abstract). Proc. of Radiat.
Res. Soc. (1982).

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.
(Abstract). Proc. of Radiat. Res. Soc. (1982).

R.E.J. Mitchel and D.P. Morrison: Heat Shock Induction of Radiation
Resistance and Recombinational Repair Ability In Saccharomyces
cerevisiae. (Abstract)• In: "Heat Shock Induction of Proteins"
Cold Spring Harbor Symposium (1982).

R.E.J. Mitchel, D.P. Morrison and P. Unrau: Is Radiation-generated
Aqueous Electron-type Damage Repaired by the Recombinational
Repair Pathway in Saccharomyces cerevisiae? Radiation Res- 89,
481-487 (1982).

R.E.J. Mitchel, D.P. Morrison and P. Unrau: Assessment of the Oxygen
Effect, and Oxygen Modification of OH* Damage, on
Radiation-induced Lethality and Gene Conversion in Saccharomyces
cerevisiae. Radiation Res. j!£, 528-536 (1982).

R.E.J. Mitchel and D.P. Morrison: Heat Shock Induction of Ionizing
Radiation Resistance in Saccharomyces cerevisiae and Correlation
with Stationary Growth Phase. Radiation Res. ̂ 0 , 284-291 (1982).

D.K. Myers and J.F. McGregor: Interaction of S-radiation and

2-anthramine for Induction of Skin Tumors in Rats. Radiation
Research jW, p. 228-231 (1982).

D.K. Myers: Book Review - Radiation and Human Health (J.W. Gofman).
Can. Med. Assoc. J. J^26, p. 1076-1078 (1982).

D.K. Myers, M.C. Paterson, P. Unrau and D.P. Morrison: DNA Repair
Systems and Dose-effect Relationships for Late Biological Effects
of Radiation. Proceedings of the Third International Symposium of
Society for Radiological Protection, Inverness, p. 530-536
(1982).
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D.K. Myers, N.E. Gentner, J.R. Johnson and R.E.J. Mitchei:
Carcinogenic Potential of Various Energy Sources. Ln Health
Impacts of Different Sources of Energy, IAEA (Vienna"7 1982), pp.
539-555.

D.K. Myers, M.M. Werner, G. Cowper, D.P. Morrison, R.M. Holford and
M.E. Smith: Follow-up of Past Employees of the Chalk River
Nuclear Laboratories. Proceedings of the Third International
Symposium of the Society for Radiological Protection, Inverness,
p. 332-339 (1982).

M.C. Paterson, B.M. Sell, B.P. Smith and N.T. Bech-Hansen: Impaired
Colony-forming Ability Following Y-Irradiation of Skin Fibroblasts
from Tuberous Sclerosis Patients. Radiation Res. 9̂ 0, p. 260-270
(1982).

P.J. Smith and M.C. Paterson: Enhanced Radlosensitlvity and Defective
DNA Repair In Cultured Fibroblasts Derived From Rothmund Thomson
Syndrome Patients. Mutation Res. jM, p. 213-228 (1982).

4.19 VERBAL PRESENTATIONS

4.19.1 Lectures or Seminars

H.C. Birnboim: A fluorometric technique for the rapid monitoring of
DNA damage in human and animal cells. Presented to the National
Institute of Environmental Health Sciences, Research Triangle
Park, North Carolina, 1982 June 18.

H.C. Birnboim: Importance of DNA damage in tumor promotion. (Invited
Speaker). Presented at the First Conference on Radioprotectors
and Anticarcinogens at the National Bureau of Standards,
Gaithersburg, Maryland, 1982 June 21-24.

J.D. Childs: Photoreactivation in vitro of cyclobutane pyrimidine
dimers in bacteriophage T4 DNA. Presented at the Canadian
Genetics Society meetings, Calgary, Alberta, 1982 June 19.

R.E.J. Mitchei: Repair competence for two modes of oxygen-enhanced
radiation damage In Saccharomyces cerevisiae. Presented at the
Radiation Research Society meeting, Salt Lake City, Utah, 1982
April 18-22.

R.E.J. Mitchei: Production of DNA strand breaks by hyperthermia and
its influence on the repair of radiation-induced damage in human
white blood cells. Presented at the Radiation Research Society
meeting, Salt Lake City, Utah, 1982 April 18-22.

R.E.J. Mitchei: Heat shock induction of radiation resistance and
recombinational repair ability in Saccharomyces cerevisiae.
Presented at "Heat Shock Induction of Proteins" meeting, Cold
Spring Harbor, New York, 1982 May 05-09.
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D.P. Morrison: Heat shock induction of ionizing radiation resistance
in Saccharomyces cerevisiae. Transient changes in growth cycle
distribution and recombinational ability. Presented at the
Radiation Research Society meeting, Salt Lake City, Utah, 1982
April 18-22.

M.C. Paterson: Heritable carcinogen-sensitive and DNA repair-deficient
disorders in man. Presented at the Spring Meeting of the Southern
Ontario Carcinogenesis Group, Ludwig Institute for Cancer
Research, Toronto, Ontario, 1982 May 07.

M.C. Paterson: Radiogenic DNA damage and its imperfect repair.

Presented at NCI Conference on Radiation Carcinogenesis, Bethesda,
Maryland, 1982 May 24-26.

M.C. Paterson: Accumulation of non-photoreactivable sites in DNA
during incubation of UV-damaged xeroderma pigmentosum cells.
Presented at National Cancer Institute Seminar, 1982 May 27.

M.C. Paterson: Member of U.S. Department of Energy Laboratory of
Radiobiology and Environmental Health, University of California at
San Francisco, San Francisco, 1982 June 08-09.

M.C. Paterson: Iri vitro radioresistance in a family prone to diverse
tumors. Invited Speaker at First Conference on Radioprotectors
and Anticarcinogens, Gaithersburg, Maryland, 1982 June 21-24.

M.M. Werner, D.K. Myers and D.P. Morrison: Follow-up of CRNL employees
involved in the NRX reactor clean-up. Presented to the Third
Annual Meeting of the Canadian Radiation Protection Association,
Vancouver, B.C., 1982 May 04.

4.19.2 Local Talks

N.E. Gentner: Radiation and the Evolution of Life. Presented to the
Seventh Annual Science Teachers' Seminar, CRNL, 1982 April 17.

N.E. Gentner: DNA Damage and Its Repair, and their Consequences.
Presented to the Summer Student Guides, CRNL, 1982 May 13.

R.E.J. Mitchel: Oxygen as a Probe for DNA Damage and Repair Capacity
in Saccharomyces cerevisiae. Presented to the Radiation Biology
Branch, CRNL, 1982 June 07.

M.C. Paterson: Causes of Human Cancer. Presented at the Deep River
Section of the Chemical Institute of Canada dinner meeting, Deep
River, 1982 April 07.

M.C. Paterson: Genetic Fingerprinting for Cancer Risk. Presented to
1982 Science Teachers1 Seminar, CRNL, 1982 April 17.

M.C. Paterson: Causes of Human Cancer. Presented at the Fuel
Materials Branch Safety Meeting, CRNL, 1982 April 23.
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M.C. Paterson: Radiation Exposure and Human Cancer. Presented to the
Occupational Nurses from St. Lawrence College, Brockville, CRNL,
1982 May 13.

M.C. Paterson: Biological Effects of Radiation. Presented to a
Delegation from the Mexican Academy of Science, CRNL, 1982 June
02.

M.C. Paterson: Genetic Fingerprinting for Cancer Risk. Presented at
Summer Students' Seminar, CRNL, 1982 June 30.

P. Unrau: Forum on Environmental Research and Biology. Presented to
Science Teachers' Seminar, 1982 April 16.

P. Unrau: Talk on radiation and biology. Presented to North York
Collegiate Institute students, 1982 April 30.

P. Unrau: R.B.E. of 14 MeV Neutrons for Gene Conversion in Yeast.
Presented to Radiation Biology Branch, CRNL, 1982 March 05.
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5. BIOMEDICAL RESEARCH BRANCH

by

J.R. JOHNSON

5.1 STAFF

5.2 BIOASSAY LABORATORY
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5.2.1.5 Distribution of Tritium Exposure at CRNL
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5.3 IN VIVO MONITORING

5.3.1 In Vivo Monitoring

5.3.2 Spectrum Analysing Program

5.3.3 Monitoring of Thoron (2roRn) in Breath
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5.4.1 Uranium
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5.7 PAPERS, REPORTS, PRESENTATIONS

5.7.1 Presentations

5.7.2 Informal Report
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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 (1)

Clerical M. Gresham (Part-time)

5.1.1 Co-op Student

D.S. Lefevre - University of Waterloo, Waterloo, working with
B.F. Peterman, reported for work 1982 May 03.

5.1.2 Summer Students

N. Desai - University of Toronto, Toronto, working with
G.H. Kramer, reported for work 1982 May 10.

J. van Heteren - University of Victoria, Victoria, working with
J.R. Johnson, reported for work 1982 May 10.

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.

(1) Joined Branch 1982 April 05
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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) ct-emitting actinide analyses include plutonium, thorium,
americium, curium as well as actinium.

7) Miscellaneous analyses included 1'*C, 32P and Pb.

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

5.2.2 Tritium Measurements

The liquid scintillation cocktails, Scintiverse II and
Scintiverse Bio-HP supplied by Fisher Scientific Company Limited,
have been tested using the method described in AECL-7611.
Scintiverse Bio-HP w^s found to be unsuitable for tritium
urinalysis due to its tendency to become two phase at most
sample compositions (percentage urine in cocktail). Scintiverse
II,however, performed much better, giving good counting
efficiencies,but it too was found to be unsuitable for urinalysis
due to its erratic behaviour at higher sample compositions.
Dark coloured urine samples were uncountable at compositions
greater than 90% urine whereas light coloured urine samples
were uncountable at compositions greater than 23% urine.

5.3 IN VIVO MONITORING

5.3.1 In Vivo Monitoring Table - Table 5.3.1

5.3.2 Spectrum Analysing Program

The program BODYCOUNTER, which analyses photon energy
spectra from the shadow-shield and lung monitors to give peak
intensities and energies,is being rewritten. This program has



Table 5.2.1.1

Bloaseay Analyses

PERSONNEL OF CHALK RIVER NUCLEAR LABORATORIES

1982

g-emitters (2)

Tritium (3)

Iodine (4)

^-emitters (5)

Natural and Enriched
Uranium

a-emittir,g actlnldes
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

TeBts
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Fersons

Tests
Persons

Tests
Cases
(8)

MARCH

TOTAL

304
221

632
291

34
12

304
223

82
39

22
20

3
2

1381
12

Positive

Number

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

(1)

%

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

APRIL

TOTAL

228
190

501
229

16
8

229
192

33
22

23
18

0
0

1030
6

Positive

Number

0
0

0
0

0 '
0

0
0

0
0

0
0

0
0

0
0

(1)

%

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

MAY

TOTAL

193
159

451
;59

8
6

217
163

5
4

10
9

3
3

887
1

Positive

Number

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

(1)

X

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

TOTALS

TOTAL

725
570

1584
779

58
26

750
578

120
65

55
47

6
5

3298
19

Positive

Number

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

(1)

1

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0



Table 5.2.1.2

Bloassay Analyses

PERSONNEL OF COMMERCUL PRODUCTS

1982

0-emitters (2)

Tritium (3)

Iodine (4)

Y-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

MARCH

TOTAL

13
13

0
0

2
2

18
17

0
0

0
0

0
0

33
1

Positive

Number

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

(1)

%

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

APRIL

TOTAL

4
4

0
0

9
9

16
14

0
0

0
0

6
6

35
1

Positive

Number

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

(1)

%

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

TOTAL

7
7

0
0

12
11

23
20

0
0

0
0

2
2

44
0

MAY

Positive

Number

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

(1)

%

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

TOTALS

TOTAL

24
24

0
0

23
22

57
51

0
0

0
0

8
8

112
2

Positive

Number

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

(1)

%

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0



Table 5.2.1.3

Bioassay Analyses

PERSONNEL OF OTHER ORGANIZATIONS

1982

B-emitters (2)

Tritium (3)

Iodine (4)

Y-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

MARCH

TOTAL

2
2

1
1

1
1

3
2

0
0

0
0

0
0

7
0

Positive

Number

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

(1)

X

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

APRIL

TOTAL

-

10
10

-

-

-

-

-

10
0

Positive

Number

_

0
0

-

-

-

-

-

0
0

(1)

X

-

0
0

-

-

-

-

-

0
0

MAY

1
TOTAL

3
2

4
3

1
1

21
20

0
0

0
0

•o

0

29
0

Positive

Number

0
0

0
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

0
0

0
0

TOTALS

TOTAL

5
4

15
14

2
2

24
22

0
0

0
0

0
0

46
0

Positive

Nunber

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

(1)

X

0
0

0
0

0
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
B-emitters
y-emitters
Uranium

TOTALS

MARCH

405
0
0
0
0

405

APRIL

387
0
0
0
0

MAY

390
0
0
0
0

i

NO SAMPLES RECEIVED

FROM OTHER

ORGANIZATIONS

387 390

TOTALS

1182
0
0
0
0

1182



Table 5-2.1.5

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1982 APRIL 01 - JUNE 30

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

TOTALS

X of Persons

0-49
mrem

56
41
41
14
47
33
4
1
15
6

258

73.9

50-99
mrem

6
30
0
11
7
0
0
0
0
0

54

15.5

100-199
mrem

5
16
0
7
0
0
0
0
0
0

28

8.0

NUMBER

200-299
mrem

0
3
0
5
0
0
0
0
0
0

8

2.3

OF TESTED

300-399
mrem

0
1
0
0
0
0
0
0
0
0

1

0.3

PERSONS IN

400-499
mrem

0
0
0
0
0
0
0
0
0
0

0

0.0

GIVEN DOSE RANGES

500-999
mrem

0
0
0
0
0
0
0
0
0
0

0

0.0

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
91
41
37
54
33
4
1
15
6

349

100.0

Total
mrem

1829
6111
503
3149
1418
574
141
3
30
9

13770

00

o

NOTES TO TABLE ABOVE

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

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

(3) The numbers in the last column are those th?t 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 MARCH to 1982 MAY

NRX
NRU
E.I.S P.
R.6, I.S.
Fuels and Materials
W.E.S P.
Special Projects
Mechanical Services
Chemistry & Materials
Physics
Administration
Advanced Projects and

Reactor Physics
Environmental Samples

Whole Body Monitoring

Number*

23
42
75
10
4
2
2

184
3
4
6
1

8

No. Positive

4
3
1

7

Lung Monitoring

Number*

6
2

2
1
2
4

2)
No. Positive

Other Monitoring

Number* No. Positive3

Clothing Monitoring

Number* No. Positive

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

f 1 Ci « 37 GBq

? *" 1, etc).
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grown from a very simple program written in the early 1970's
to a sophisticated program with various analyses and plot
options. The new program will contain much more flexibility
in the use of these options, better error recovery, improved
calibration features, direct storage of results and spectra
on permanent files and will be suitable for direct conversion
to FORTRAN V.

5.3.3 Monitoring of Thoron (220Rn) in Breath - B.F. Peterman

It was decided that a thoron-in-breath monitor be built
for detecting the presence of 22STh in the CRNL employees.
Furthermore, it was decided that a monitor similar to the one
described by Keane and Brewster (Keane, A.T. and Brewster, D.R.,
Calibration of a Decay-Product Collection and Counting
Apparatus for the Determination of Exhaled Thoron, in press) be
built. The work on design is nearing completion, but the
actual experimental work cannot be started until the
renovations to tl.e laboratory in Building 464 are completed.

5.4 RADIOCHEMICAL SEPARATIONS - G.H. Kramer

5.4.1 Uranium

Cross-contamination studies of the method outlined previously
(PR-HS-11) using Th-nat, Cm-244, Pu-239 and Np-237 showed
considerable contamination of the uranium fraction. It was found
that 40% of the thorium, 15% of the curium, 63% of the plutonium,
and 47% of the neptunium were present in the uranium fraction.
Obviously the method is not suitable for specifically estimating
uranium in urine if these other actinides are present. Attempts
are currently being made to purify the uranium fraction by anion
exchange. Preliminary results indicate that Th-nat and Cm-244
could easily be removed; however, Pu-239 and Np-237 proved
troublesome. The present method is capable of isolating uranium
but the yields have significantly dropped. Present recoveries
are erratic ranging from 32-76%. Work is continuing.

5.5 METABOLIC STUDIES

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

The automatic titration system as described previously
(PR-HS-11) has been expanded to include a constant temperature
water bath to thermostat the reaction vessel, the Wilhelm Salt
bridge and the reference electrode. The temperature can be held
constant to + 0.1°C.
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The HP-85 has also been connected to the central site
computers (Building 508) through a Gandalf modem. Software
has been designed to allow the HP-85 to act as an intelligent
terminal that has powerful editing features. It is also
possible to transmit data from a tape cassette in the HP-85
to either an XEDIT file (NOS system) or a PI file (NOS/BE
system) for subsequent data manipulations.

5.5.2 Equilibrium Constant Calculations - G.H. Kramer

Some additional programs to those mentioned previously
(PR-HS-11) have been acquired. These programs are still in
the process of being converted to FORTRAN V. A public
announcement to those who might be interested in using these
programs was published in the computer newsletter.

5.6 METABOLIC MODELS AND INTERNAL DOSIMETRY

5.6.1 Long-lived Alpha Emitting Aerosols - J.R. Johnson

Calculations of doses to the basal cells of the bronchial
epithelium from the inhalation of insoluble aerosols containing
alpha emitting radionuclides with long half-lives (i.e. 2 3 9Pu,

''U, 2 5 5U, 23"*U, etc.) have been performed in conjunction with
staff from NRPB (UK). These doses were compared to doses from
radon daughters and the risk of bronchial cancer from inhaling
long-lived alphas calculated. A paper describing this work was
presented £t the Workshop on Lung Dosimetry held in Salt Lake
City in conjunction with the Radiation Research Annual
Scientific Meeting.

5.6.2 Iodine-129 - J.R. Johnson

A model to describe the retention and distribution of
iodine-129 in the environment for the purpose of calculating
doses has been developed in conjunction with D. Wuschke (WNRE).
It is an extension of Kocher's model (ORNL/NUREG-59) which
described the global distribution and retention of 1-129 after
an atmospheric release. The present model was developed to
describe the local, regional and global distributions and
retention of 1-129 after release to water from the deep rock
vault that is the proposed repository used in the current
Canadian assessment study. A paper describing this work is
in preparation.
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5.7 PAPERS, REPORTS, PRESENTATIONS

5.7.1 Presentations

Johnson, J.R., Jan.es, A.C. and Birchall A. - "An Estimation of
the Bronchial Cancer Risk from the Inhalation of Long-lived
Alpha Emitting Radionuclides", Presented by J.R. Johnson at
the Radiation Research Annual Scientific Meeting, Salt Lake
City, Utah, 1982 April 18-22.

Johnson, J.R., Gragtmans, N.J. and Steel, S.C. - "Technetium
Retention in Rats and its Extrapolation to Human Retention for
the Purpose of Calculating Dose Conversion Factors", Presented
by J.R. Johnson at the 3rd Annual General Meeting of the Canadian
Radiation Protection Association, Vancouver, British Columbia,
1982 May 04-06.

Johnson, J.R. - "Workshop on Internal Dosimetry", Presented at
the 3rd Annual General Meeting of the Canadian Radiation
Protection Association, Vancouver, British Columbia, 1982 May 04-06.

Peterman, B.F. - "Computer Modelling of HT Gas Metabolism in
Humans", Presented at the 3rd Annual General Meeting of the
Canadian Radiation Protection Association, Vancouver, British
Columbia, 1982 May 04-06.

Johnson, J.E. - "Age Dependent Dose Conversion Factor Calculations
at CRNL", Presented at the 27th Annual General Meeting of the
Health Physics Society, Las Vegas, Nevada, 1982 June 27-July 02.

Johnson, J.R. - "A Summary of Information Relevant to two Possible
Radiation Linked Cancers at the Chalk River Nuclear Laboratories",
Presented at the 27th Annual General Meeting of the Health Physics
Society, Las Vegas, Nevada, 1982 June 27-July 02.

Kramer, G.H. and Joseph, S. - "A Methodology for the Optimization
of the Estimation of Tritium in Urine by Liquid Scintillation
Counting", Presented at the 27th Annual General Meeting of the
Health Physics Society, Las Vegas, Nevada, 1982 June 27-July 02.

5.7.2 Informal Report

Kramer, G.H. - "Software for Evaluating Stability Constants of
a Chemical Reaction", CRNL Computing Centre Newsletter, 9̂  (3),
10, 1982.
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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
6.2.2 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

Branch Head
Secretary
Professional
Nurses

Medical Technicians

D.W.S. Evans
V.A. Schizkoske
J.J. Meenan
A. Kinloch
J. Williams
M. Plattner
J. Shaw

6.2 CLINIC PROCEDURES

6.2.1 Occupational Accident and Illness

AECL
Male

Female

Others
Male

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

March

38
35
73

2
1
3

—

April

29
25
54

3
—
~3

2
2
4

May

31
36
67

4
1
5

1
1
2

Total

194

11

Grand
Total

Female - New Visits
- Revisits

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

406
289
695

63
23
86

4
1
5

2
5
7

393
245
638

52
21
73

20
3
23

10
2
12

338
257
595

42
zl
63

7
1
8

1
—

211

1928

222

36

20
2206
2417
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6.3 CLINIC VISITS BY WORK CATEGORIES

March April May
Staff P.R. Staff P.R. Staff P.R. Total

AECL
Office of Vice-Pres. &
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. Cos. Ops

Adv. Proj. 6. Reactor Physics 22

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, etc.

2

—

—

32

21

55

. 1

22

48

13

18

2

17

4

2

30

34

44

49

35
431

12

—

—

—

—

—

—

—

—

—

—

—

—

7

—

—

42

55

—

82

240
426

4

—

—

25

17

45

3

19

41

21

14

2

19

5

2

17

28

21

57

39
383

39

—

—

—

—

—

—

—

—

—

—

—

—

7

—

—

15

21

—

59

283
385

—

1

2

34

31

41

3

9

48

26

10

3

16

3

2

15

32

27

45

34
383

11

—

—

—

—

—

—

—

—

—

—

—

5

—

—

16

18

—

62

246
347

6

1

2

91

69

141

7

50

137

60

42

7

71

12

6

135

188

92

354

877
2355

62
2417



6.4

6.5

BREAKDOWN BY INTERNATIONAL CODE

Infectious and Parasitic Diseases
Neoplasms
Endocrine, Nutritional and Metabolic

Diseases, 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 Musculoskeletal 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 wilh Health Services

March
MEDICAL

AECL
Male

Female

Others
Male

Female

EXAMINATIONS

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

March

1
2
38

1
43

81
223
33
17
—

63

42

9
—

77

161

116

907

April

2
2
14

1
57

59
200
29
14
—

63

33

5
1

48

130

174

832

May

6
6

5
43

52
157
32
5
1

61

44

1
2

63

178

122

778

Grand
Total

3
10
58

7
143

192
580
94
36
1

187

119

15
3

188

469

412

2517

Ma

11
6
17

6
—
~6

2

~~2

1

~1

15
4
19

3
4
7

2

—

—

73
26
99

46
15
61

4

~4

1

Grand
Total Total

135

74

219
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6.6 NON-OCCUPATIONAL ABSENTEEISM

March April May
Male Female Male Female Male Female Total

Office of Vice Pres . & — 1% — — — — 1%
Gen. Mgr.

Office of Dir., Research ~ — % 2% 1 — 4

Office of Director, — % ~ — — ~ %
Applied Research & Dev.

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

Health Sciences

Chemistry & Materials

Physics

Office of Gen. Mgr.
Commercial Operations

Adv. Proj. & Reac. Phy.

Fuels c, Materials

Special Projects

Elect. Inst. & Control

Quality Assurance

Finance

Tech. Info. & Univ. Rel.

Chalk River F.nv. Auth.

Administration

Operations

Plant Design

General Services

Maintenance & Construction

47

46

87%

5
-

59%

154%

36

37

12

17

2

1

17

82

66

61%

34%
765%

16

0 i

22%

1

7%

11%

11

3%

1%

28%

41%

-

22%

21

14

36

9%
257

27

22

66

—

36

121

35

18

9%

35

4

—

20

111

48%

45%

60
659

12

25%

18%

—

17

10%

3%

1

%

35

24%

—

16%

12%

5

16%

6%
208

28%

2 7%

53%

10%

68%

24

12%

6%

40

2

—

16

73

39

4u

51
500

13%

16

26%

%

4%

4%

8%

1

—

31%

11

—

12%

12%

• 1 4

25%

4%
188

144

145%

274%

7

135

370%

118

73

30

187

84

1

104%

312

186%

231

166
2577%
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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

March

16
30
46

1
3

" 4

1

T

—

April

11
29
40

3
1
4

2
2
4

—

Ma

13
47
60

1
" 1

3

—

6.7.2 Haematology

AECL
Male

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

87
15

102

11

15

1

89
22
111

17
2
19

22
1

23

63
18
81

35
17
52

5
2
7

Grand
Total Total

146

163

294

86

31

420
583
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