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HEALTH SCIENCES DIVISION SUMMARY

A.M. Marko

Health Physics

Measurement of Na activation in a person's body can be used, along
with other methods, to determine large accidental doses from neutrons. Calcu-
lations on the relation between dose and induced 2l*Na, for neutrons of various
energies, are now complete. They show that the relation commonly used is
incorrect and that neutrons scattered from the floor have a larger effect on
this relation than was expected.

Floor-scattered neutrons also affect nearly all laboratory experiments
that use neutrons. Calculations have been made of the spectra, fluxes and
angular distributions of these scattered neutrons at various distances from
commonly-used neutron sources.

The capabilities of a surface-barrier detector, operated in the direct-
current mode, as a high range beta dose rate meter are under investigation. By
appropriately selecting the detector bias, the sensitive layer can be made as
thin as 20 mg/cm2, thus improving the accuracy of measurements made very close
to a beta source and reducing the dependence on beta energy.

The construction of a prototype of the re-designed, automatic TLD
reader is progressing. Field experiments are underway on the use of an additional
TLD chip for quality control in personnel badges. An intercomparison with other
laboratories, of TLD measurements in a mixed gamma-neutron field, has been
initiated.

Development of a portable tritium-in-air monitor continues. Design
modifications have reduced the weight to 1.8 kg and the use of side-by-side
ionization chambers for gamma compensation will reduce the cost. While the
compensation given is poorer than that for concentric chambers, it appears
adequate for the expected use.

Plastic membranes, used experimentally to separate tritiated water
vapour from molecular hydrogen or xenon have been shown to give discrimination
ratios of 103 and I01* respectively.

The problems of operating Geiger counters over a wide range of
counting rates are being studied and the feasibility of using a microprocessor
to correct for counting losses at high rates (e.g. corresponding to
100 rad/h (1 Gy/h))has been demonstrated. Use of an unusually sensitive
triggering circuit helps to avoid the effects of decrease in pulse size that
also occurs at high rates.

Design of auxilliary equipment for a new xenon monitor is almost
complete. A temporary monitor installed in a vent from one of the universal
cells has confirmed that no appreciable amounts of Xe-133 are being released.
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Environmental Research

A cooperative project with the Water Resources Branch of the Ontario
Ministry of the Environment has begun to estimate evaporation from 15 lakes in
the Muskoka and Sudbury districts by the energy budget method. The data from
these lakes will be used to better define the parameters used in the lake energy
budget model developed at CRNL.

Uranium concentrations and 2 3' )U/ 2 3 8U activity ratios have been measured
in a number of groundwater samples from WNRE and CRNL in a study of their suit-
ability for age determination of groundwater. Average uranium concentrations
in water samples from Precambrian rocks are one to two orders of magnitude
higher than those in water from the Pleistocene (silt, till and sand) deposits,
hence the former require much less sample for isotope ratio measurements.
Activity ratios in the rock waters range from 2 to k, as compared with 1.1-1.7
in waters from the Pleistocene sedimentary deposits, indicating that disequi-
librium is initiated during infiltration within the surficial deposits.

Field equipment for the study of warm-water algal cultures has been
redesigned. Small wedge-shaped, polyethylene enclosures have replaced the large
cubic enclosures previously used. The new enclosures permit more thorough mixing
of the cultures and the increased number of enclosures permits replication of
experiments and an improved statistical assessment of the data.

The groundwater and solute transport model developed by Intera
Environmental Consultants has arrived and is being installed on the CRNL
computer. It will initially be applied to data obtained from the "C" Waste
Management Area and to modelling the movement of 2"*3Am and daughter products
in soi1 columns.

Site selection studies for planned tracer injection experiments are
currently concentrated in the vicinity of Dewdrop Lake, a small, water-table
pond northwest of Waste Management Area "C". Continuous coring and soil
sampling adjacent to the lake and through the lakebed have revealed a relatively
simple stratigraphy. Multi-level groundwater samplers have been installed to
provide detailed hydraulic head and geochemical data.

Radiation Biology

Research activity in this Branch has continued to deal with the effects
of radiation upon a variety of living organisms. The principal sensitive target
for radiation, particularly at non-lethal doses, is believed to be DNA, the
genetic material. Damage to DNA in reproductive cells may cause mutations which
show up in future generations while damage in other cells of the body may lead
to cancer in the exposed individual. It is known that most living cells have
the capacity to modify some or all of the damage to this vital cell component.
Work in the Radiation Biology Branch has dealt with both the natun; of the DNA
damage and the response of cells as they attempt to repair this injury. The
purpose of this research is increased understanding of the biological effects
of low-level radiation.
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A project has recently been initiated which promises to allow rapid
detection of relatively low levels of radiation-induced damage to DNA in human
white blood cells. Radiation can cause breaks in the DNA strands and it was
previously known that the rate of unravelling of the strands in vitro is
increased if breaks are present. The method currently under development uses
a fluorometric technique for measuring the rate of unravelling of the DNA strands.
Use of a fluorometric procedure has two principal advantages - it allows the
study of non-growing cells, such as human white blood cells, and it also speeds
up analysis by decreasing the number of steps involved. At the present stage
of development, DNA damage induced by 100 rads (1 Gy) of gamma-radiation to
human blood can be detected. The entire procedure requires about three hours
and uses a few mL of blood.

Ionizing radiation and several other carcinogenic agents are known to
be reiativeiy inactive in bacterial point mutation assays for carcinogens.
We are currently exploring the value of a gene conversion assay in various
strains of yeast as an indicator of the genetic damage caused by these agents.
To date, two conclusions appear to be of most interest: First, the gene
conversion assay appears more sensitive than a mutation assay for detecting
genetic damage caused by agents such as ionizing radiation, mitomycin C and
nitrous acid (nitrite at pH k). Second, this assay is sufficiently sensitive
to permit study of dose-response relationships down to fairly low doses of
radiation and fairly low concentrations of chemical agents. The shapes of
the dose-response curves are not always identical, and further study of the
significance of these data is anticipated.

Spontaneous rates of gene conversion and of mutation in yeast are
much too high (by a factor over a million-fold) to be explained by exposure to
ionizing radiation from natural sources. It is thought that these genetic
changes are due to errors introduced during normal metabolism and replication
of DNA in the cell. Data obtained with repair-deficient mutants of yeast cells
suggest that the repair systems are involved in the spontaneous production of
genetic changes in yeast.

Work is continuing on induction of genetic changes in yeast by tritium
beta-particles, on the free radicals responsible for these changes, on photo-
products formed in DNA by ultraviolet radiation, on methods to study DNA
damage and repair in irradiated human cells, on radiation sensitivity of cells
from humans with various diseases associated with susceptibility to cancer,
and on induction of cancers in rats by radiation in combination with environ-
mental chemicals.

Biomedical Research

A table containing a list of critical organs and their dose per unit
intake of radionuclides, for adults ?nd infants, has been prepared. These dose
conversion factors were calculated using metabolic models based on the latest
ICRP recommendations and the dosimetric factors based on superseded ICRP
recommendations. New dosimetric factors suitable for use in these calculations
are expected to be available soon, and the table will be updated at that time.



The optimization of parameters in the differential equations describing
the alkaline earth metabolism in adult man has been completed. The best fit
to the results of the ICRP model was obtained with differential equations that
do not contain time varying parameters. These time varying parameters result
in solutions that contain "power" functions, which cause difficulties in obtain-
ing analytical solutions to the equations, and make numerical solutions costly
(in computer time) except for acute exposure conditions.

The program of improving the radiochemical procedures and documentation
for the bioassay performed at CRNL is continuing. New methods for nickel-63,
strontium-89, strontium-90, promethium-1^7 and cerkm-144 have been tested and
are expected to be introduced into the routine bioassay procedures shortly.
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2.2 FAST NEUTRON DOSIMETRY

2.2.1 Calculation of Neutron Capture in the Body
W.G. Cross

Measurement of 21tNa produced by neutron activation
of body Na is a widely-used technique for helping to
determine large accidental doses from neutrons. The
reliability of this method is limited by the
considerable disagreements (e.g. 50%) among calculations
and measurements of the Na specific activity produced
per unit incident fluence.

We have done an extensive series of Monte Carlo
calculations of the probabilities of neutron capture
in human-phantoms and in solution-filled cylinders
of various sizes, for neutron energies between thermal
and 14 MeV. Na activities are easily derived from
these results. We have also calculated -

(a) the effects of hydrogenous walls of cylinders
and phantoms on the induced Na activity

(b) the contribution of epithermal neutron capture
to Na activity in cylinders of various sizes,

(c) the effects of neutron direction on the activation
in a man--phantom and

(d) the contributions of floor-scattered neutrons to
activation in a man-phantom.

The results show, among other things, that container
walls commonly used in experiments can affect Na
activities by ±20%, depending on container size, wall
thickness and neutron energy. Contrary to the customary
assumption, epithermal neutrons contribute less than
3% of the Na capture in a man-phantom. When a human
phantom is irradiated from the front and from the side
by neutrons coming directly from the source, the ratios
of Na activities per unit fluence are 2.3 to 2.6,
depending on energy. These ratios are about 50% larger
than measured ratios. We find that most of the
difference can be attributed to floor-scattered neutrons.
The variation of the Na specific activity with neutron
energy, over a wide variety of experimental reactor
spectra, is less than 25% - much less than the variation
with body orientation.

For a human phantom, the capture probabilities
are about 50% higher than the widely-used values
calculated by McGuire(l). In contrast to McGuire's

(1) S.A. McGuire, Los Alamos Scientific Laboratory report,
LA-3721, 1967.
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results, the present results agree with most
experimental values for human phantoms, within the
experimental errors of about +15%. It therefore
appears that McGuire's results are incorrect.

Scattering from the environment was found to have
an important effect on the relation between the Na
activity produced in a body and the neutron dose.

2.2.2 Spectra and Angular Distributions of Neutrons
Reflected from Concrete
W.G. Cross

Most experiments and calibrations involving
neutron irradiation in air are complicated by the
presence of neutrons scattered from the floor.
To provide quantitative data on the magnitude and
spectra of these floor-scattered fluences we have
used Monte Carlo calculations to derive the fluence
spectra when neutrons from a point isotropic source
are scattered from a 12-m square concrete slab,
1.5 m below the source. The source spectra treated
were thermal, "1/E", 100 keV, fission and 14 MeV.
The program output (on magnetic tape), which gives
the position, direction and energy of each neutron
emerging from the concrete, can be analyzed to give
fluences, spectra and angular distributions at
any point in space.

As an example, we have studied, for several
distances from the source, the variation of spectra
with height above the floor and the angular
distributions of scattered neutron fluence in
the horizontal and vertical planes. Some of these
variations have been compared with those obtained
by integrating the empirical expression for the
differential flux albedo derived by Wells for
thermal neutrons(1). Wells' expression was adapted
to energies up to 14 MeV by changing a single
multiplicative parameter with energy. The resulting
variation of scattered fluence with distance from
the source, with height above the floor and with
direction in the horizontal plane, agreed with the
Monte Carlo results to ±15%. This implies that many
of the approximate characteristics of scattered neutron
fluences can be obtained by relatively simple
calculations.

(1) M.B. Wells, Trans. Amer. Nucl. Soc. 7, 41(1964).



2.3 BETA DOSIMETRY

2.3.1 High Range g-Dose Rate Meter
C. Wernli

The use of surface-barrier and diffused-junction
detectors (in the DC mode) in a high range 3~dose
rate meter has been studied. The studies were
concentrated on the sensitivity and background
characteristics at, and close to, zero bias. All
detectors tested have a range of biases over which
the sensitivity, which depends on the thickness
of the sensitive layer, decreases rapidly with
decreasing reversed bias. This change takes place
somewhere between 1 volt reversed bias and 0.1 volt
forward bias. Within this transition range thf
thickness of the sensitive layer decreases by a
factor of about 4-20. Since the background variations
of such a detector are minimized at zero bias, a
bias as near zero as possible permits relatively
low dose rate measurements. For most detectors, zero
bias is within the transition range. Experiments
for different |3 spectra are in progress to determine
the response of the detectors close to and within
the transition range.

A prototype instrument was built with a surface-
barrier detector of 100 mm2 area and a sensi.tive
layer of abcut 2 0 mg/cm2 at zero bias. Since the
sensitive layer of the detector can be brought within
3 mm of the source, contact dose rate estimations
are feasible. The lowest dose rate measurable is
1-10 rad/h (0.01 - 0.1 Gy/h) and the upper limit is
set to 2 0 krad/h (200 Gy/h). Further work is planned
to test and improve the prototype instrument.

2.4 THERMOLUMINESCENCE DOSIMETRY

2.4.1 Automatic TLD Reader
A.R. Jones

The construction of the prototype of the re-
designed reader (PR-HS-2) is progressing. This
includes the installation of the moving parts, power
supplies, thermocouple monitors, high and low flow
rate alarms and power supplies.
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Linear and logarithmic counting rate circuits
have been designed and tested. These permit the
plotting of glow-curves against time or the temperature
of the upper thermocouple. It had been intended to
use the logarithmic glow-curve output to make a
test of the complete read-out of a glow-curve.
However, tests showed that this is only practical
for relatively large doses (>0.1 rem) and this
test would not distinguish between an unexposed
dosimeter, properly heated, and one that had been
exposed but not heated sufficiently to emit its
light. For this reason it was decided to continue
to rely upon the upper thermocouple to test for
correct heating of the TLD.

A detector to monitor the position of the shuttle
that carries the TLD plaque has been tested. It can
detect an inscribed line, 0.2 mm wide, at its focus.
By inscribing three lines on the black anodized
surface of the aluminum shuttle it is possible to
monitor the position of the shuttle, to an accuracy
of 0.2 mm, when it is stopped to heat the two TLD's
and when it has returned to the home position to accept
a fresh dosimeter plaque.

2.4.2 Personal Thermoluminescence Dosimetry
A.R. Jones

An exchange of plaque-mounted TLD's was made
with Health and Welfare Canada to determine the
cause of a difference in unexposed TLD readings and
the spread in these readings. It was determined that
these differences were not caused by a difference in
the TLD's themselves but by a difference in the
readers.

Personnel TLD's have been sent to the Oak Ridge
National Laboratory as part of an intercomparison of
personnel dosimeters exposed to yrays and neutrons
of differing spectra. The dosimeters, which were sent
in in holders, include TLD-100's and TLD-700's, both
plaque-mounted and unmounted. The purpose of the test
is to establish a) whether y-doses can be reliably
estimated when the yrays are accompanied by fast
neutrons and b) whether the fast neutrons, after
moderation in and reflection from the phantom on
which the dosimeters are mounted, can be detected
in the presence of gamma radiation.
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2.4.3 Performance of Unmounted TLD's and TLD Plaques
C. Wernli

During 1979 several field experiments were
carried out in which unmounted TLD's were inserted
into the personnel TLD badge. The objective was to
provide a back-up for the standard plaque-mounted TLD.
In the first experiments, a normal TLD-100 was used
on the plaque while a sensitized TLD-100 was inserted
as an unmounted chip in a different cavity within the
badge. As a result, the plaques (read by the AECL-
reader) and the chips (read by the Atlas system) showed
a much higher difference (about 35%) in dose readings
than was expected. Both TLD's were therefore put into
the same cavity and only TLD's of the same type were
used within one badge. This configuration was tested
on a phantom in the laboratory. For calibration with
Co-60, the average of the unmounted chip readings was
within +5% of that of the plaques, for 33, 83 and 662 keV.
The first field test with this configuration has been
carried out and the results will be available soon.

The computer program for the individual calibration
of single chips was slightly changed to give a paper
tape output in which the final dose values were identified
by the badge number rather than by the position of the
chip on the disc of the Atlas system.

2.5 TRITIUM MONITORING

2.5.1 Portable Tritium-in-Air Monitor, AEP-5321
R.V. Osborne and A.S. Coveart

The design of the electronics in the second
prototype of this monitor has been modified so that
the DC-DC converter is no longer necessary; operation
is directly from the battery carried in the power
handle. This change has also allowed the interface
unit between the handle and the monitor package to be
eliminated, with saving of weight. The monitor is
compact and light enough now (1.8 kg) to be carried
easily. As was anticipated, the gamma compensation
provided by side-by-side ionization chamber assembly
is not as good as with our more usual concentric-
chamber design. The cancellation attained (>90% in
most directions) is sufficient for the anticipated
application where an operator will be able to move
to a preferable location with an air sample, if necessary.



- 11 -

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

Further experimental measurements of the
permeation rates of various gases through Nafion
tubing have been completed. These measurements confirm
the utility of this material for detecting HTO in the
presence of other radioactive species. In particular,
discrimination ratios of 103 and 101* have been
achieved for HT and Xe relative to HTO. Furthermore,
the dynamics of the diffusion process appear to allow
these high discrimination ratios concurrent with
acceptably fast response. However, the response time
is geometry dependent; its optimization requires
further developmental work.

The design of a prototype HTO monitor utilizing
Nafion membranes is currently underway. The necessary
parts and materials are being assembled.

Two small ionization chambers and two portable
electrometers - based upon the electronics of the
AEP-5293 - are being assembled to facilitate routine
laboratory measurements. Also, the Tritium-in-air
calibrator, AEP-5284, has been modified to prevent
the overcooling problems which occurred when the
cooling water was significantly below 10°C.

2.6 MEASUREMENT OF RADIO-IODINE AND RADIO-XENON

2.6.1 Radio-Iodine Measurements
R.M. Holford

The original design of the 125i monitor (AEP-5285),
as described in report AECL-6626, anticipated that
most users would utilize an existing detector assembly.
This may not always be the case however, and so to
complete the design an assembly has been specified
consisting of a scintillation detector (a thin, 70-mm
diameter Nal(Tl) crystal plus a low-noise photomultiplier)
and a lead castle to provide shielding from external
radiation sources.

The engineering drawings for the Iodine-in-air
monitor (AEP-5217) are being checked and brought
up-to-date as time permits.
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2.6.2 Measurement of Radio-Xenons in Exhaust Air
R.M. Holford

Design of the printing clock/sealer for the
next version of the Xenon Monitor, AEP-532 0, is now
almost complete. The microprocessor program has
been placed in read-only memories and successfully
tested on a prototype of the unit. The electro-
sensitive printer has been tested with the unit
using the special power supply described in the last
progress report (PR-HS-2) and found to perform as
expected. The only feature that has not yet been
implemented is the stand-by battery, for which a 6 V
lead-acid cell with gel electrolyte has been ordered.

2.6.3 Xenon-133 Monitor
A. S. Coveart

A monitor for xenon-133 has been installed in
the vent from Cell 2 in building 234 to confirm that
no appreciable amount of xenon 133 is being released..
Consisting of an ion chamber (250 cm3 volume) , an
electrometer and recorder, it will be used there
until replaced permanently by an AEP-52 93. To date,
no xenon-133 has been detected.

2.7 APPLICATIONS OF GM COUNTERS IN RADIATION MONITORING
A.R. Jones

2.7.1 Monitor for Air-Borne g-Emitting Particulates AEP-5331

In response to a request from the R&IS Branch,
a monitor is being designed to replace an existing one
which measures alternately g-activity, collected on
a filter paper, and background, using an oscillating
shutter.

The monitor being designed has the following target
specifications -

- collected activity is monitored over the range
1 -10,000 Bq.

- air is sampled at 30 L/minute.

- activity collected in 1 and 10 minute periods
is measured and output displayed in terms of
3-activity in its volume averaged over 1 and 10
minute periods.
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To avoid two problems associated with a moving
shutter (the monitor cannot respond to a rapid increase
in |3-activity with the detector shuttered: moving
shutters tend to stick) background will be monitored
with a second GM counter. To minimize shielding
requirements a small 'pancake' type GM counter has
been selected.

A lead shield to contain the filter holder and
2 GM counters has been designed and built.

2.7.2 Application of GM Counters at High Temperatures

Further tests have been made with high
temperature GM counters made by APTEC and Harshaw
to assess their performance after operation at
150°C, with and without x-ray irradiation. After
45 hours at this temperature, both with and without
irradiation (at 10 R/h) the APTEC and one type of
Harshaw GM counter were still operational. However,
both the current and counting rate increased
perceptably during the test. One Harshaw GM counter
(designed for much higher temperatures) failed at
the beginning of the test.

2.7.3 Operation of GM Counters over Wide Ranges

Two types of GM counters (APTEC type HBM and
TGM type N202) have been studied to assess their
performance over a wide counting rate range. They
were chosen because they have suitable sensitivities
to cover the ranges 1-1000 mrad/h (.01-10 mGy/h)
and 1-100 rad/h (10-1000 mGy/h) and because
measurements made showed that their sensitivities
to 3- and ydoses, in counts/rad, were approximately
equal. This second property depends upon the ratio
of cathode to window area.

The dead times have been measured over a range
of exposure rates and determined to be independent of
counting rate over the measurement range. This permits
them to be used in a counting-loss correction circuit
with which they have been tested. It also permits
them to be used with a microprocessor which makes
the correction using the relationship, n=n /(1-n t),
where n is the observed counting rate,

n is "true" counting rate and
t is the dead time.



The counters have been tested, along with their
H.V. and pulse shaping circuit, at the maximum dose
rate to be measured, over the normal range of
temperature and battery voltage. Using the above
relationship, errors caused by changes in temperature
and battery voltage are less than 10%.

2.8 RADIATION INSTRUMENT DEVELOPMENT
A.R. Jones

2.8.1 Pocket Warning Dosimeter with Numerical Display AEP-5329

Preliminary drawings are complete and engineering
prototype is being built.

2.8.2 Multichannel X-ray Area Monitor AEP-5330

Engineering drawings are being prepared.

2.8.3 Wide Range Survey Meter AEP-5288A

A new high voltage supply has been designed which
makes use of an integrated circuit regulator in place
of a high voltage zener diode. This provides better
regulation against changes in input voltage and load
current. It also permits exact adjustment of the
output voltage whereas the previous high voltage supply
had a fixed output voltage with a ±5% tolerance.

Since the HV supply is housed in the probe, only
the design of this part of the survey meter has been
changed. The new version is designated AEP-5288B.

A report on the survey meter with a description
of the design, performance and calibration is being
prepared.

2.8.4 Digital Count Rate Meter &EP-5217A

A report of the count rate meter, with a description
of the design, performance and calibration, is being
prepared. Included is the efficiency for the detection
of a number of a, 3 and y emitters both as point and
distributed sources.

During the course of measurement, failure was
noted when both GM counters were exposed to very
high count rates, due to the decrease in pulse size
at these rates. To overcome this problem the pulse
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shaping circuit has been modified to trigger on
1 yA pulses from the GM counter cathodes. This
is a much lower level than is needed with most GM
counters, but the pulses from the 'pancake' GM
counters used show extreme shrinkage at very high
count rates.

2.8.5 Multichannel Alpha Air Monitor AEP-10110

Diffused junction silicon detectors have been
tested for use with this monitor and the Alpha Air
Monitor AEP-5234. Tests showed that they can be
satisfactorily substituted for the surface barrier
detectors originally used. The diffused junction
detectors are cheaper, more rugged and can be
cleaned. They have been so designed that the same
polarity bias is applied to the central pin of the
BNC connector.

Amplifier and discriminator circuits have been
designed for a new remote unit for the Alpha Air
Monitor. This unit, which will be interchangeable
with the existing units, will compensate for the
background counts in the plutonium-239 channel,
due to radon and thoron daughters, by using the
pulses larger than those from plutonium-239.

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

2.9.1 Body Radiation Doses

In the fourteen-week period ending 7 March 198 0
and in the calendar year to this date there are the
following distributions of radiation exposures.

There were five whole-body radiation exposures
exceeding the 600-mrem two-weekly administrative
control limit and no surface radiation exposures
exceeding the 1600 mrem two-weekly administrative
control limit.
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CRNL - Whole Body Dose

Dose Range
rem

no radiation

0 - 0.49
0.50 - 0.99

1.00 - 1.49

1.50 - 1.99

2.00 - 2.49

Average dose

per monitored

person
Average dose

per exposed

person

Fourteen

No. of

monitored

persons

357'

2143
171

34

9

1

Weeks

Total

Dose

Man-rem

• 0

147.74

121.60

40.39

14.43

2.18

120 mrem

• 138 mrem

Calendar Year

No. of

monitored
persons

4-13

2173

119

9'

1

0

Total .

Dose
Man-rem

0

148.80

77.77

9.751

1.61

0

88 mrem

103 mrem

Radiochemical Company - Whole Body Dose

rem

no radiation

0 - 0.49

0.50 - 0.99

Average dose

per monitored

person

Average dose

per exposed

person

Fourteen Weeks

No. of

monitored

persons

62

211

0

Total

Dose

Man-rem

0

15.37

0

56 mrem

73 mrem

Calendar Year

No.- of

monitored

persons

75

198

0

Total .

Dose

Man-rem

0

10.74

0

39 mrem

54 mrem

•
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Engineering Company - Whole Body Dose

Dose Range
rem

no radiation
0 - 0.49
0.50 - 0.99

Average dose
per monitored
person
Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

327
14
0

Total
Dose
Man-rem

0
1.27
0

4 mrem

91 mrem

Calendar Year

No. of
monitored
persons

.344
7
0

Total
Dose
Man-rem

0.06
0

0.2 rarem

8 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

Average dose
per monitored
person
Average dose
per exposed
person

Fourteen

No. of
monitored
persons

357
2127
168
48
11
4

132

152

Weeks

Total
Dose
Man-rem

0
153.26
121.22
56.24
18.42
.8.97

mrem

mrem

Calendar Year

No. of
monitored
persons

413
2155
130
13
4
0

Total .
Dose
Man-rem

0
151.96
88.89
15.36
6.93
0

97 mrem

114 mrem
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Radiochemjcal Company-Skin Dose

Dose Range
rem

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49

Average dose
per monitored
person
Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

62
202
8
1

Total
Dose
Man-rem

0
18.35
4.97
1.08

89 mrem

116 mrem

Calendar Year

No. of
monitored
persons

74
197
2

Total
Dose
Man-rcm

0
15.02
1.40
0

60 mrem

82 mrem

1

Engineering Company - Skin Dose

Dose Range
rem

no radiation
0 - 0.49
0.50 - 0.99

Average dose
per monitored
person
Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

327
12
2

Total
Dose
Man-rem

0
.0.44
1.39

5 mrem

131 mrem

Calendar Year

No. of
monitored
persons

334
7
0

Total
Dose
Man-rem

0
0.06
0

0.2 mrem

8 mrem
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2.9.2 Hand Radiation Doses

In the fourteen-week period ending 7 March 1980
and in the calendar year to this date the following
distributions of extremity doses were measured by
finger-tip TLD's.

Dose Range
rem

less than 0.99
1.00 - 1.99
2.00 - 2.99
3.00 - 3.99
4.00 - 4.99
5.00 - 5.99
6.00 - 6.99

CRNL
Calendar
Year

63
2
2
0
0
0
0

Fourteen
Weeks

91
9
3
0
0
0
0

Radiochemical
Company

Calendar
Year

18
2
1
0
1
0
0

Fourteen
Weeks

20
4
1
1
0
0
1

Engineering
Company

Calendar
Year

0
0
0
0
0
0
0

Fourteen
Weeks

5
5
0
0
0
0
0

2.10 PUBLICATIONS AND LECTURES

Verbal Presentation

R.V. Osborne, "Applications of Membranes to Monitoring
for Tritiated Water Vapour", presented at International
Symposium, of Management of Gaseous Wastes from Nuclear
Facilities in Vienna, Austria, 18-22 February, 1980.
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ENVIRONMENTAL RESEARCH BRANCH

by

I.L. Ophel
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3.3 Laboratory Studies on Algal Growth in Natural Waters
3.4 Biogeochemistry of the Waste Management Area
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3.5.1 Energy Budget, Lake Evaporation and Hydrology
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3.5.3 Water Budget and Lake Chemistry
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Catchment
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3.15.3.2 Liquid Disposal Area
3.15.3.3 Tracer Injection Experiment
3.15.3.4 Waste Management Area "F"
3.15.3.5 Pulsed Radar Stratigraphic Profiling
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3.15.4 Groundwater-Contaminant Flux to Surface Waters
and Behaviour of Radionuclides in Surface Waters
3.15.4.1 General Objectives
3.15.4.2 Biodiscrimination of Radionuclides in

Aquatic Food Webs
3.15.4.3 Groundwater-Contaminant Flux to Surface

Waters: Field Studies
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3.15.4.5 Selection of Intake Screens for Bundle

Type Multi-Level Samplers in Chalk
River Sand

3.16 Gamma Exposure Rates in the Vicinity of CRNL
3.17 Off-Site Monitoring
3.18 Liquid Effluent Monitoring
3.19 Waste Management Areas
3.20 Gamma Exposure Rates in the Exclusion Area
3.21 Studies of the Behaviour of Actinides in the Environment
3.22 Studies of Radioactivity in Trees
3.23 Sediment Samples From the Ottawa River
3.24 Background Measurements in Building 560
3.25 Tritium Survey
3.26 Survey Summary
3.27 Publications
3.28 Verbal Presentations

3.28.1 Lectures or Seminars
3.28.2 Local Talks

3.29 Invited Speakers

For figures see end of section
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3.1 STAFF

3.1.1 Branch Head - I.L. Ophel

Environmental Chemistry and Meteorology

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

L.K. Hendrie1

A.G. Price2

Environmental Impact Assessment

P.J. Barry

V.K. Harwell

R.W.D. Killey Assistant: J.H. Munch

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

Natural Isotope Studies

R.M. Brown Assistant: R.J. Schultz3

Biochemistry and Microbial Radioecology

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

Radiochemistry and Environmental Monitoring

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

Contaminant Hydrogeochemistry

R.E. Jackson'* Assistant: K.J. Inch1*

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

3Transferred to Materials Science Branch, February 25.

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

Biology and Aquatic Radioecology

J.W. McMahon

I.L. Ophel

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

Assistant: J.M. Judd

Hydrology and Trace Element Analysis

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

Secretarial

D.J. TerMarsch

3.1.2 Other Attached Staff

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

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

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

J.O. McHugh - On a Natural Sciences and Engineering
Research Council Canada (NSERC) Postdoctoral Fellow-
ship. Working with E.L. Cooper.
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3.2 BENEFICIAL USES OF WASTE HEAT - J.W. McMahon and A.E.
Docherty

3.2.1 Aguaculture of Freshwater Organisms

Field studies designed to measure the combined
effects of heated water and nutrient additions (nitro-
gen and phosphorus) on the growth rate of unicellular
algae are continuing. Smaller wedge-shaped polyethylene
enclosures (60 cm square at the surface, 120 cm depth)
have replaced the larger (1 m cube) enclosures used in
previous studies. These new enclosures permit more
thorough mixing of the algal cultures by air bubbling.
The smaller size also increased the number of enclosures
that can be used in the heated tank from 4 to 15, thus
permitting replication and an improved statistical
assessment of the data.

Cell concentrations are being used to calculate
daily changes in growth rates. Chlorophyll determina-
tions are made to assess phytoplankton biomass within
each enclosure.

Attempts at culturing the cladoceran Dapknia
magna at 20°C using Maskinonge Lake water and Scenedesmus
as a food source appear to be successful. Experiments
are being designed to study growth rates, reproduction
and feeding behaviour of Daphnia on Scenedesmus at
elevated water temperatures.

A malfunction in the heating source resulted in
a decrease in water temperature (24°C to 6°C) in the
pools for a period of eight days in February. This
proved detrimental to the resident population of
Hyalella. Attempts are being made to re-establish this
amphipod population.

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

Carbon-14 primary productivity studies on the
alga Saenedesmus basiliensis indicate that maximum
carbon uptake (1.0 to 1.5 g«m~3.h-l) occurs early in
exponential phase of growth at cell concentrations of
=3 x 10^ cells•mL~l. As the stationary phase of growth
is approached, carbon production rates decrease in
static nutrient medium. Light also becomes an inhibi-
tory factor. The rate of l^C uptake of these senescent
cells is more than doubled when the algae are transferred
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3.3 LABORATORY STUDIES ON ALGAL GROWTH IN NATURAL WATERS
(cont'd)

to fresh nutrient media and provided with an increased
source of light.

Disruption of algae cells by sonification,
tissue solubilizers and bleaching with hydrogen
peroxide or sodium hypochlorite, were some of the
techniques used to improve the counting efficiency of
large numbers of algae suspended in liquid scintilla-
tor. This problem is still under investigation.

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

Techniques for identifying arsenic species
reported on previously (see Section 3.4, PR-HS-2,
AECL-684 8) have been utilized to examine further the
importance of redox-state transitions on the mobility
of arsenic in groundwater,. Field columns containing
sediments from the Perch Lake basin were equilibrated
with groundwater (pH ^ 8.2, E H ^ +70 mV), or chemically
modified groundwater (pH ^ 5, E % +130 mV), loaded
with an arsenic(V) solution and then eluted with the
equilibrating groundwater. Under these conditions
strong retention of the arsenic(V) occurs at pH ^ 5,
whereas at pH ^ 8 little retention occurs. Samples of
arsenic eluted frcra the column under both geochemical
conditions showed no change in the redox state of the
arsenic, that is, no reduction of the As(V) to As(III)
occurred. These results support pH as the controlling
factor in arsenic mobility under the field column
conditions used in this and previous studies.

Bacteriological techniques used previously in
studies of sulfate reduction in groundwater have been
applied to examine grease samples from the LaPrade
Heavy Water Plant. Corrosion of piping had been at-
tributed to the application of these greases. No
sulfate-reducing bacteria were detected in the greases,
which ruled out their involvement in the observed
corrosion.
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3.5 PERCH LAKE PROJECT

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

The lake energy budget model has been run with
long-term mean meteorological data for Lake Ontario.
A range of values was tried for the parameter A in
equation:

k = A-RiB (1)
z

where kz is the net vertical heat transfer coefficient,
Ri is the Richardson number, A and B are empirical con-
stants. Comparison of published lake temperature and
evaporation-rate data indicates that A is a logarithmic
function of lake area with a slope of approximately
0.1.

3.5.2 Snow Density Studies - P.J. Barry and E. Robertson

Routine observations have continued during the
period to estimate snow accumulation using three 6 0 Q O

sources in the forest on the east side of Perch Lake.
Two runoff plots are also being maintained. They were
found to be satisfactory during a period of rain and
mild weather in late December.

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

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

No further progress was made on the analysis of
anions in ground and surface water because of multiple
interferences when using the Technicon Autoanalyzer.
In the case of sulphates, so much pretreatment of
samples was needed to remove interfering substance
that the time saving attributes of the Technicon System
were lost. A Dionex auto-ion-analyzer is being pur-
chased which is capable of doinc simultaneous deter-
minations of several anions wit.'i detection limits at
low ppb concentrations.
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3.5.4 Data Storage - D.P. Wildsmith

The Perch Lake outlet and inlet stream flow data
for the period 1979 January to December inclusive has
been received from the Water Survey of Canada, Environ-
ment Canada.

Tritium concentrations for the outlet stream and
inlet streams No. 1 and No. 2 are being determined on
a weekly basis. Other Perch Lake basin data, i.e.
soil temperatures, precipitation, outlet stage height
and maximum and minimum air temperatures, are recorded
daily.

3.6 STACK ARGON MEASUREMENTS - D.P. Wildsmith and P.J.
Barry

Occasional monitoring of the argon released from
the main CRNL stack is being continued for 1980.

3.7 CO-OPERATION WITH OUTSIDE ORGANIZATIONS

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

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

3.7.2 Lake Evaporation Study - E. Robertson

A co-operative program with the Water Resources
Branch of the Ontario Ministry of the Environment has
begun to estimate evaporation from 15 lakes in the
Muskoka and Sudbury districts by the energy budget
method. The data from these lakes will also be used
to better define the parameters in Equation (1) in
Section 3.5.1 of this report.

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

The energy balance for an isothermal snowpack
can be expressed without serious error as:

Qm = Rn + LE + H
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3.8 SNOWMELT, RUNOFF AND EVAPOTRANSPIRATION IN A FORESTED
CATCHMENT (cont'd)

where Qm = total heat flux to snowpack
Rn = net all-wave radiant flux to snowpack
LE = latent heat flux to snowpack
H = sensible heat flux to snowpack.

The spring 1978 data showed that for the Perch Lake
watershed the turbulent exchanges over the melting
snowpack in the leafless deciduous forest could be
ignored, at least for the purpose of forecasting melt
rates. The net radiation over the snowpack (Rnas) is
an extremely efficient predictor on its own. For areal
averages at the basin scale, net radiation above the
canopy (Rnac) is a more appropriate estimator. A
definable physical relationship exists between these
net radiative fluxes, and is being modelled using
canopy albedo and porosity, and solar relationships.
In the absence of direct measurements of these net
radiative fluxes, global radiation in the open (Qac)
may be used in conjunction with a regression model to
predict either flux with little additional uncertainty.
Relationships developed for the Perch Lake site are
provided in Table 3.8.

Table 3.8. Relationships for the Prediction of
Showmelt (mm) from Radiative Fluxes

-^-d"1) at Perch Lake

Rnas =

Rnac =

Rnas =

Vm

0.369

0.541

0.200

3.00

Rnac H

Qac -

Qac +

Rnas

h

0

0

0.378

.525

.184

r2 = 0.

r2 = 0.

85

97

Data show that the total input of water to the
ground surface infiltrates. Thus, any further analysis
of the water flow must be based upon indirect observa-
tions. The two parameters controlling water motion in
the unsaturated layer are the gradient of total poten-
tial, and permeability, the latter being strongly con-
trolled by saturation. Changes in saturation with
depth and time have been measured since 1977 using a



- 30 -

3.8 SNOWMELT, RUNOFF AND EVAPOTRANSPIRATION IN A FORESTED
CATCHMENT (cont'd)

series of soil moisture access tubes and a neutron
probe. Additionally, in the 1979 spring season an
attempt was made to measure soil water tensions, but
unfortunately instrumental failure prevented a useful
analysis of the interrelationships of tension and
saturation within these profiles.

The soil moisture profiles for the 1979 season
showed very similar patterns to those for 1978.
Further analysis of the 1979 data strongly supports
visual observations of layers of relatively high
saturation within the generally unsaturated soil
zone, implying lateral gradients of total potential.
The increased saturation at these depths correlates
strongly with observed textural differences seen both
in soil cores and during emplacement of instruments.
Tensiometers of a new design have been used to replace
those which malfunctioned, and it is hoped that they
will enable us to define gradients of potential within
these layers for 1980. Also, using the data obtained
in conjunction with permeability-saturation and
tension-saturation relationships currently being
developed for the Perch Lake soil, we hope to be able
to compute water-volume flux rates with the profiles.

In 1981 and later, it is planned to expand the
network of tensiometers and access tubes in order to
generalize our estimates of horizontal and vertical
fluxes to apply to larger areas of the drainage basin
using a finite elements analysis suggested by Atkinson
(Hillslope Hydrology, Wiley, 1978) . It is hoped to
produce a general model of runoff production linking
our observations of process in both the unsaturated
zone and the groundwater body.

3.9 SOIL AND GROUNDWATER STUDIES - W.F. Merritt and B.A.
Risto

A laboratory soil column was set up to investi-
gate the possibility that the anomalously rapid move-
ment of radioactive cesium in groundwater systems is



31

3.9 SOIL AND GROUNDWATER STUDIES (cont'd)

due to adsorption on particulates. A small undisturbed
core of soil from below the water table was used for the
column and groundwater from a nearby well was used for
the eluant. After washing the column at a normal
groundwater velocity of 15 cm-d""l for 14 days, the
column was loaded with 3c7 x 107 Bq of 134cs. Low
levels of radioactivity appeared in the eluant after
one column volume had been collected. The amount of
radioactivity varied directly with the flow velocity,
and was about 1 Bq«mL~l at a flow on velocity of
15 cm-d-1. Filtration experiments with various sized
membrane filters indicated that the activity was ad-
sorbed on particles with a diameter of 0.2 to 1.0
micrometres. X-ray fluorescence analysis of selected
filters (performed by personnel of the General Chemistry
Branch) showed the material on the filter to be es-
sentially pure silica. The particles have continued
to appear over a period of three months. The groundwater
is essentially saturated with silica and it appears
that the particles are generated continuously. After
one to two weeks storage of the eluant, the particles
dissolved. The investigation is continuing.

3.10 CONTAMINANT HYDROGEOCHEMISTRY - R.E. Jackson and K.J.
Inch

Nothing further to report.

3.11 RADIONUCLIDE TRANSPORT IN FRACTURED ROCK - R.E.
Jackson, J.F. Pickens and K.J. Inch

Analysis of breakthrough curves and contaminated
sediments from the single-well, injection-withdrawal,
reactive tracer test has continued. A preliminary pro-
gress report has been written and is undergoing review
by National Hydrology Research Institute in Ottawa.

Analysis of the breakthrough curves of l^lj ancj
at the withdrawal well show 85gr displayed pro-

portionally greater dispersion than did 131 j _ This is
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3.11 RADIONUCLIDE TRANSPORT IN FRACTURED ROCK (cont'd)

presumably due to the difference in its rate of desorp-
tion during withdrawal compared to its rate of adsorp-
tion during injection. Desorption of ^Sr-contaminated
sediments with 0.1 m SrCl2 may be described by a first-
order kinetic relation, C = C o e"^, where C is th •
percentage of 85sr retained by the aquifer sediments,
Co is that concentration at time t = 0 and k, the rate
constant, is of the order of 10~4 m~l.

Three lines of evidence suggest the observed ad-
sorption of 85Sr mimicked that of 90sr adsorbed on
sediments in another part of the same aquifer (which
was contaminated in 1954/55 by disposals of liquid
wastes); (1) the K§r values are similar, (2) the
grain size vs. adsorbed radioactivity distribution are
similar and (3) the most adsorbent mineral in both
cases was mica, in particular biotite and vernticulite.

3.12 MEASUREMENT OF ORGANICALLY-BOUND TRITIUM IN
VEGETATION - R.J. Schultz and R.M. Brown

Doubt has arisen about the validity of our
recent measurements of organically-bound tritium
in vegetation samples. Off-site samples have shown
values of 5,000^25,000 Tritium i. its (TU)
(0.6-3.0 Bq#mL combustion water, in spite of
their content of aqueous tritium be. ng at true
background levels of about 150 TU (0.02 Bq-mL"1)
and their carbon-14 contents being at background
levels. The indication is that the anomalous
ratio of organically-bound tritium to aqueous
tritium observed in such samples have resulted
from contamination in our drying-combustion pro-
cedures. This is being investigated.
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3.13 ACCELERATOR MEASUREMENT OF CARBON-14 - R.M. Brown with
H.R. Andrews, G.C. Ball, W.G. Davies and J.C.D. Milton
of Nuclear Physics Branch and Y. Imahori of NRX Reactor
Branch

The latest accelerator run has proven very pro-
mising. Good stability of the machine was obtained
under conditions of automatic switching from carbon-14
to carbon-12 by means of magnet swinging rather than
terminal voltage alteration. A high background was ob-
served after running a graphite sample slightly enriched
in 14C. It is expected that this can be eliminated by
the use of shielding sleeves within the ion source.
Details of the run are given in Nuclear Physics Branch
Progress Report, PR-P-125, AECL-6956, Section 2.25,

Work is continuing on new designs of source
mounts to improve ion yield and minimize sample size.

3.14 URANIUM-234/URANIUM-238 ACTIVITY RATIOS IN NATURAL
WATERS - G.M. Milton, University of Waterloo and R.M.
Brown

Uranium concentrations and activity ratios have
been measured for a suite of water samples from the
ZEUS area, WNRE, as well as several from boreholes WN-1
and WN-3, Whiteshell and CR-7, CRNL. Average uranium
concentrations in the latter group (all from Precambrian
rock) are one to two orders of magnitude higher than
those from water of the Pleistocene deposits (silt,
till and sand) of the ZEUS and Perch Lake areas. Ac-
tivity ratios in the borehole samples range from 2 to
4, as compared with 1.1-1.7 in the samples from sedi-
mentary deposits.

In order to obtain a better understanding of the
mechanism governing uranium isotope disequilibrium in
groundwater, laboratory measurements of selectivity
coefficients of the most common rock fracture coatings
(e.g. sand, chlorite, amorphous iron oxyhydroxide) for
uranium in the presence of the major ions (Na+, Ca + +,
Mg++, Cl~, SOJ) will be initiated during the next
quarter.

To facilitate the measurement of anticipated low
concentrations of uranium in these experiments, both
liquid scintillation counting and fluorimetry have been



3.14 URANIUM-234/URANIUM-238 ACTIVITY RATIOS IN NATURAL
WATERS (cont'd)

investigated as alternatives to the time-consuming
procedures of alpha spectrometry, since isotope ratio
information is not required. Both methods appear
practicable; however at low concentrations fluori-
metric determinations are considerably more accurate.
Using the procedure and equipment developed by the
Biomedical Research Branch, CRNLf good agreement was
obtained with alpha-spectrometric measurements, even
below the 5 ppb level.

We are currently taking part in a Uranium Series
Interlaboratory Comparison Project.

3.15 ENVIRONMENTAL IMPACT ASSESSMENT

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

The interdepartmental working party set up to
co-ordinate this program met at the Downsview, Ontario
headquarters of the Atmospheric Environment Service in
mid-February. It became evident during the meeting
that the working party is proceeding much too slowly
for our purposes and its highest priority is the de-
velopment of a short-range atmospheric transport model
for emergency use during accidents around nuclear
facilities. While it appears desirable to maintain a
presence from CRNL on the working party, assistance in
the development of a long-range transport model will
have to be sought elsewhere.

3.15.2 Computer Modelling - V.K. Barwell

The groundwater model developed by Intera Environ-
mental Consultants has arrived and is being installed
on CRNL's CDC computer. It will initially be applied to
the "C" Vlaste Management Area and to modelling the movement
of 24 3^! an(j daughter products in columns. The column
work is being done in collaboration with D.R. Champ,
E.L. Cooper and W.P. Merritt.

The GARD program developed at WNRE has been in-
stalled on the CDC computer and will also be applied
to the column work.
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3.15.2 Computer Modelling (cont'd)

A contract has been given to The Analytic Sciences
Corporation to provide us with their 'WASTE' code.
They will provide documentation and test runs.

A draft report on contract studies of surface
water modelling from Inland Waters Directorate, Ottawa
has been reviewed and is currently being rewritten.

The implementation of the computer program to
analyze aquatic communities is being completed by the
Mathematics and Computation Branch, CRNL.

3.15.2.1 Field Evaluat^ion_of_ Aquifer Properties - V.K. Barwell

Modelling of seepage into a lakebed carried
out with D.R. Lee has been quite successful. A formula
has been derived for determining bulk anisotropy ratios
based on seepage flux measurements; and evaluated on
field data from Perch Lake and Lake Sallie, Minnesota.
The technique appears quite reasonable and is inexpen-
sive to apply in the field. Future work will include
a comparison of field techniques for determining
anisotropy ratios.

3.15.2.2 Staffing - V.K. Barwell

A suitable external candidate has been found for
the Technician/Technologist, and he will be offered the
position.

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

3.15.3.1 Waste Managemeni^Area^ '^C'J_ - R.W.D. Killey and J.H. Munch

Field activities over the past quarter have been
directed towards detailed mapping of the contaminant
plume downgradient of Area "C", both in the subsurface
and in the swamp receiving groundwater discharge. Sub-
surface groundwater samples are analyzed for tritium,
dissolved organic carbon (DOC) and chloride. Samples
collected in the swamp are analyzed for tritium and
chloride. Sampling problems have led to construction
of a modified porous probe; a Dohrmann carbon analyzer
has been obtained on a long-term loan from W.J.
Holtslander of the Chemical Engineering Branch to speed



3.15.3.1 Wa£te Management_Area ^C^ (cont'd)

DOC determinations. Multi-level soil sampling has begun
downgradient of the thorium nitrate pit to determine
the configuration and velocity of 50gr included in that
disposal. Observation wells throughout the area have
been flushed periodically over the winter in preparation
for spring sampling.

Two brief reports have been submitted to the
Chalk River Environmental Authority concerning disposal
of special wastes (acids, organic solvents, reactive
metals and dry chemicals) and sewage sludge disposal
at Area "C".

Results of the plume mapping to date show very
heterogeneous distributions of tritium in the Area "C"
plume. Detailed sampling is hindered by the rugged
topography and inventories of radioisotopes in the
groundwater will necessarily be raLher approximate.
Results of DOC analyses to dite indicate relatively
large loadings of dissolved organics from Area "C".
Background concentrations are generally about. 10 ppm,
while samples from the plume margins contain up to
80 ppm. Higher concentrations are anticipated in
some areas. The importance of these organics is
suggested by observations of seepages in the discharge
area. Uncontaminated seepages contain abundant iron
hydroxides deposits, formed when the iron-rich ground-
waters oxidize on contact with the air. Seepages con-
taining tritium (up to 8 x 10^ Bq-L"!) do not precipi-
tate iron hydroxides, suggesting that the iron is com-
plexed and unavailable for oxidation. Further studies
are under way since this has important ramifications
for radioactive and inactive metals in the plume.

3.15.3.2 Liquid_D.isposia]L Area - R.W.D. Killey and J.H. Munch

Results of J.o. McHugh's 60 C o determinations on
soil and water samples from continuous cores (separated
by centrifugation) show extremely variable in situ
K(j's, greatly complicating attempts to quantify geo-
chemical processes. Two more continuous cores were
collected, logged, sectioned and the pore waters ex-
tracted from sites where E.L. Cooper and J.O. McHugh
plan studies of tree uptake of activity. Multi-level
water samplers were installed at all coring locations
and around the two vegetation study areas. Water table
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3.15.3.2 Liqui.d_Di^sposa2L Area (cont'd)

and stratigraphic mapping around the Liquid Disposal
Area indicates that mobile contaminants from the
Chemical Pit discharge directly into East Swamp Stream,
while much of the plume from Reactor Pit 2 moves into
the South Swamp, with fairly long flowpaths before
discharge to surface.

3.15.3.3 Tracer_Injection_Experiment - R.W.D. Killey and J.H.
Munch

Site selection studies are currently concentrated
in the vicinity of Dewdrop Lake, a small,water-table
pond northwest of Waste Management Area "C". Continu-
ous coring and sampling adjacent to the lake and through
the lakebed have revealed a relatively simple strati-
graphy of very fine sands over fine sands; the con-
tact between the two units is gradational. Multi-level
samplers have been installed to provide detailed hy-
draulic head and geochemical data, but these are un-
available for testing until the spring thaw.

3.15.3.4 Waste Management_Area ^F^ - R.W.D. Killey and J.H.
Munch

Monthly head measurements on boreholes have been
collected. With the assistance of P.J. Barry and V.K.
Barwell a computer routine is being developed to plot
hydraulic head contours and determine flow direction
variations. Undisturbed cores of the final cover were
taken for L.A. Lindsay of the University of Waterloo
as part of an investigation of infiltration patterns.
We will continue to assist in this work in order to
determine the effectiveness of the clay cover in pre-
venting infiltration into the waste material.

3.15.3.5 Pul^ed_Radar_Stratigra£hic_Profiling - R.W.D. Killey
and J.H. Munch ~ ~ "~

Unfortunately, the two principal investigators
of this technique have left the Department of Energy,
Mines and Resources (EMR) — one is currently employed
by Barringer Research in Toronto. EMR are still hoping
to fund further developmental work by Barringer, and
we hope to pursue a contract for radar profiling around
the CRNL Waste Management Areas in this fiscal year.
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3.15.4 Groundwater-Contaminant Flux to Surface Waters and
Behaviour of Radionuclides in Surface Waters

3.15.4.1 Genera^ Objectives - D.R. Lee

The purpose of this work is to understand radio-
nuclide transport into, and distribution within, sur-
face waters. This goal is being sought through field
and laboratory experiments and research contracts.

3.15.4.2 Biodi_s£rimination of_Radionuclides_in Aquatic_ Food
Webs -~D.R7 Lee and B.M. Kent

We have not yet retrieved brook trout from
experimental areas. Netting and angling will be tried
as the weather, snow and ice conditions improve.

3.15.4.3 Groundwater-Contaminant Flux_to Surface^ Watersi_ Field
Studies^ - D.R. Lee and B.M. Kent

In conjunction with the efforts by R.W.D. Killey
to find suitable sites for injection experiments, we
prepared bundle-type groundwater samplers for installa-
tion at three locations in or near Dewdrop Lake.

Obtaining pore-water samples and head measure-
ments in cold regions in shallow water-table environ-
ments (i.e. near lakes and streams) has normally ham-
pered hydrogeologic work in winter. We have attempted
to find solutions to this problem. So far we have had
moderate success with a hot-water jetting pipe for
thawing frozen piezometer pipes. We have also been
using heater coils made from h in. (0.5 cm) aluminum
tubing and inserted around the multi-level sampler
bundles from ice level down 1 m. A heated antifreeze
solution is circulated through these coils to thaw a
thin cylinder of frozen ground around the sampling
tubes. One portable research shack was built to shelter
the antifreeze heater system and to keep the tubes from
freezing during sampling and head measurements.

A bundle-type groundwater sampler was installed
in the overburden at the location of the deep well in
the basement of Bldg. 513. This was done in hopes of
finding a source of anoxic groundwater to use in column
experiments. However, oxygen was present at all points
(>1 mg-L~l), and it now appears that feedwater will have
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3.15.4.3 Groundwater-Contaminant Flux_to Surface Waters^ Field
Studies, (cont'd)

to be obtained from the deep well and conditioned in
some way to remove traces of oxygen (̂ 0.2 mg'L"-'-).

3.15.4.4 Contract_Managem£nt - D.R. Lee

Several proposals have been received from agencies
interested in conducting contract work, but our response
to these agencies has been severely hampered by lack of
information on funds that will be available.

3.15.4.5 Selection £f_lntake Screen^ for Bundle_Type_ Mult^-
Level_ £3amplers_in Chalk River S_and_-_B̂ M̂ _ Kent

Bundle type, multi-level samplers have been used
at Chalk River for the past three years. They offer
the advantage of ease of assembly and easy insertion
into shallow groundwater, when compared to other sampler
types.

Problems in their use are the possible clogging
of the intake screens with fine particles, and chemical
interferences from the tape used to attach the screens
to polyethylene tubes.

A short experiment was done to compare the per-
formance of three screen sizes under varying conditions.
The screens tested were: fine nylon mesh (102 ym pore
size), medium nylon mesh (.240 ym pore size) and 1.27 cm
diameter, "Vyon" tubing* (polyethylene with 50 ym pore
size).

Two samplers of each screen were placed in a
bucket containing "CRNL sand" and a 1% dextrose solution.
This allowed a good medium for bacterial growth on the
screens, thereby subjecting them to the worst possible
conditions. Efforts were made to periodically vibrate
the entire system in an attempt to force the plugging
of the screens. Several times over a two-week period
a siphon chamber was attached to the sampling tubes and
the time to pass 100 mL of solutions under a negative
head of 30 cm to 40 cm was recorded.

A sintered polyethylene material 1.6 mm thick having
filter pores of ^50 ym. Available from Verge Enter-
prises, Toronto.
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3.15.4.5 Selection of Intake Screens_ for Bundle Type Multi-
Level Samplers~iH Chalk RiveF Sand^conVd]

After two weeks the sand in the bucket was re-
placed with a silt/sand mixture of approximately one
part silt to three parts "CRNL sand". The vibrating
and measurements were repeated over a ten-day period.

The results are summarized below (Table 3.15.4.5)
and indicate that all the samplers performed quite well
under test conditions, and should do so in the field.
There was no apparent change in permeability of the
screens over time. Because of its good hydraulic per-
formance, its expected chemical inertness and its
speed of assembly, we expect to use Vyon tubing for
multi-level samplers in the future.

Table 3.15.4.5 Comparison of Intake Screens

Sampler type

fine
(102

nylon mesh
um)

medium nylon mesh
(240 Mm)

Vyon (̂ 50 pm)

Minutes required to
solution (± standard
the test conclusion
readings)

Sand

1.53 + 0

1.48 + 0

1.60 + 0

n

.02 6

.13 6

.02 6

pass 100 mL
deviation)
(n = number

Silt/sand

10.79, 6.43

8.03, 5.56

5.99 + 1.7

of
at
of

n

2

2

6

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

TLDs placed at the perimeter of the CRNL exclu-
sion area (see Fig. 3.16.1) are used to measure mean
exposure rates and the annual integrated exposures.
Results in Table 3.16 give the sum of contributions
from CRNL and natural gamma radiation.



3.16 GAMMA EXPOSURE RATES IN THE VICINITY OF CRNL (cont'd)

Table 3.16 TLD Gamma Exposure Rates in Public Areas1

(yR*/h)

Location
(see Fig. 3.16.1)

1

2

3

4

5

6

7

8

13

Harrington Bay3

Deep River

Fourth Quarter
1979

8.5

7.6

4.9

6.3

5.8

5.8

5.4

11.6

Not available

7.2

5.4

1978
Average

11.7

7.0

5.0

6.1

4.5

4.2

5.0

7.2

10.1

7.8

5.6

1979
Average

9.5

7.3

3.9

4.8

4.3

4.1

4.9

8.3

9.32

5.9

4.8

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

2This figure is the average for the period 1978 October 02
to 1979 October 03.

3Harrington Bay, P.Q., 11 km east from plant stack.

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

Precipitation samples collected at Deep River
ware analyzed radiochemically for * Sr and spectro-
metrically for l^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 90sr. The results are shown in Figure 3.17.1.

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



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

At CRNL, three liquid effluent streams discharge
radioactivity to the Ottawa River from the inner area.
They are the Process and Sanitary Sewers plus the 04
Storm Sewer combined with 04A seepage. Each of these
is sampled regularly and analyzed for individual nu-
clides. The mean daily releases from the Process
Sewer are given in Table 3.18 for the fourth quarter
of 1979. Most of the radionuclides are measured by
gamma ray spectrometry.

Table 3.18 Mean Daily Release from Process Sewer
Fourth Quarter 1979

Radionuclides

90Sr

137Cs

144Ce

106Ru

140Ba

1 3 1I

2 3 9N P

95Zr

54Mn

46Sc

59Fe

65zn

60Co

Daily F
mCi/d

0.4

3

6

2

5

5

40

6

4

4

5

4

3

leiease
MBq/d

15

111

222

74

185

185

1480

222

148

148

185

148

111



3.18 LIQUID EFFLUENT MONITORING (cont'd)

Perch Creek Csee Fig. 3.16.1) draining Perch Lake
and the Disposal Areas, also flows into the river and
is sampled regularly. The total amount of radioactivity
discharged from CRNL per day is calculated from the mea-
sured flow rates and radionuclide concentrations in
individual streams (Fig- 3.18.1). The plutonium figures
represent 239pu plus 24 0pu sj_nce these two isotopes
cannot be distinguished by alpha spectrometry.

At no time did the average concentrations of
radioactivity in the combined effluent flows exceed 1%
of the International Commission on Radiological Protec-
tion (ICRP) 4 0-hour occupational Maximum Permissible
Concentration for drinking water (MPC ).

3.19 WASTE MANAGEMENT AREAS - E.L. Cooper, G. Lahaie and
L.A. Mask

Weekly samples and flow readings were taken at
weirs on the surface streams carrying contaminated
seepage water from the Waste Management Areas into
Perch and Maskinonge Lakes Csee Fig. 3.16.1). Most
samples were combined and analyzed monthly for 3JJ as
well as quarterly for gamma-emitting radionuclides and
90Sr. Strontium-90, 60co and 3H are still the main
contaminants in the Perch Lake basin.

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

Shielded (indoor) and unshielded (outdoor) gamma
ray exposure rates in the CRNL exclusion area are given
in Table 3.20. The reduction in exposure rates ob-
served in Bldg. 513 is due to shielding from 35 cm of
concrete in the floors above the detector.

3.21 STUDIES OF THE BEHAVIOUR OF ACTINIDES IN THE ENVIRONMENT
- E.L. Cooper and J.O. McHugh

Stream and swamp core sediments from the Liquid
Disposal Area have been, and are being subjected to
gamma-spectrometric analysis, with emphasis on 6^Co
determination, as a monitor for the possible presence
of actinides. In situ distribution coefficients for



Table 3.20 TLD Gamma Exposure Rates in Exclusion Area1

(yR*/h)

Location
(see Fig. 3.16.1)

9

10 (office)2

11

163

Fourth Quarter
1979

28.2

13.0

14.3

11.6

1978
Average

30.8

13.4

10.1

10.6

1979
Average

30.5

13.2

12.5

10.2

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

2First floor office in Bldg. 513. Shielding factor for
4-1-Ar gamma ray is M.2. Background in the room due to
brick and concrete construction materials is 13 yR/h.

3Office in CRNL cafeteria.

3.21 STUDIES OF THE BEHAVIOUR OF ACTINIDES IN THE ENVIRONMENT
(cont'd)

co partitioning between sediment/pore water vary
considerably, from 14 mL-g~l to 1.9 x 10^ mL-g~l for
stream sediments, and 1 mL«g~^ to 160 mL'g"^ for East
Swamp cores.

Multi-level groundwater samplers have been placed
by R.W.D. Killey below the Chemical Pit area of the East
Swamp and are being monitored for radionuclide activity
and movement from the pit through the swamp. It is
intended to assess actinide concentrations in the more
active of these samples and to relate these to values
for tree sap and biota obtained during the spring sam-
pling program (see Section 3.22 of this report).

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



3.21 STUDIES OF THE BEHAVIOUR OF ACTINIDES IN THE ENVIRONMENT
(cont'd)

Laboratory methods of multi-element actinide
analysis are being developed by G. Lahaie and J.O.
McHugh, using anion exchange chromatography.

With the aid of an automated alpha scintillation
counter constructed by E.L. Cooper and M.J. Wenzowski
it is intended to determine, in the laboratory, actinide
distribution coefficients on CRNL sediment materials.

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

Preparations have been made for the collection
of tree sap from trees growing near the Liquid Disposal
Area. Core samples have been taken from this area in
order to determine the concentrations of various radio-
isotopes in the soil. Groundwater samplers have also
been installed with the aim of collecting groundwater
at the same time as sap samples. In this way we hope
to be able to determine concentration factors in a
dynamic system.

Slabs have been cut from a number of tree trunks
and autoradiographs of these have been taken with X-ray
film. Only one of these contained sufficient radio-
activity to give a good exposure in a reasonable time.
The autoradiograph from this slab showed rings of
darker exposures corresponding to the cambium where
new vascular tissues are forming and to an area just
outside the heartwood.

Another slab from the same tree was sectioned
and analyzed for radioactivity. The distribution of
9^Sr in the wood corresponds quite well to the pattern
observed in the autoradiograph. The highest concen-
tration of 60co Was observed in the sapwood. Small
amounts of alpha activity were observed by gross alpha
counting; however, subsequent analyses for plutonium
revealed that this alpha activity was not due to
plutonium. We are planning to analyze samples from the
same tree for other actinides.



3.2 3 SEDIMENT SAMPLES FROM THE OTTAWA RIVER - E.L. Cooper,
G. Lahaie, M.J. Wenzowski and L.A. Mask

Analyses of the sediment samples collected from
the Ottawa River last fall have recently been completed.
The total beta activities in the sediment appear to
decrease to near background levels at the furthest
point sampled, which was about 7 km downstream. The
gross alpha activities in the samples taken downstream
from CRNL were essentially the same as those in the
samples taken upstream. The concentration of radioac-
tivity in most of these sediment samples is so low that
more sensitive analyses for specific radionuclides are
required to distinguish any contribution from CRNL from
background. We intend to extend this survey further
upstream and downstream during 1980.

3.24 BACKGROUND MEASUREMENTS IN BUILDING 560 - E.L. Cooper
and M.J. Wenzowski

A high resolution Ge(Li) spectrometer system has
been moved out to the Low Background Laboratory (Bldg.
560). This spectrometer has been used to measure the
gamma ray background in the shielded rooms in this
building. The most intense photopeak in the background
spectrum was due to the 40K in the concrete shielding.
Less intense photopeaks corresponding to daughters of
the uranium and thorium series were also observed.
It was found that 5 cm of lead shielding on the instru-
ment in Bldg. 560 reduces the background to a level
which requires about 15 cm of shielding in the basement
of Bldg. 513B.

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

Average concentrations of tritium in streams
within the exclusion area are given in Table 3.25
together with the amount released during the fourth
quarter of 1979.

3.26 SURVEY SUMMARY - E.L. Cooper

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



Table 3.25 Tritium in Streams in the Exclusion Area

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek weir

Duke Stream1

Fourth Quarter 1979

Concentration
pCi/L

0.112

0.014

0.224

0.219

4.469

kBq/L

4.16

0.50

8.28

8.09

165.3

Quarterly Release
Ci

1437

1.67

36.8

146

154

GBq

5.32 x 101*

62

1362

5402

5698

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

3.27 PUBLICATIONS

ALLISON, G.B., R.M. BROWN and P. FRITZ. Evaluation of
water balance parameters from isotopic measurements
in evaporation pans, pp. 21-32 in Isotopes in Lake
Studies. IAEA, Vienna.

BROWN, R.M. and P,J. BARRY. A rsview of HTO evaporation
studies at Chalk River Nuclear Laboratories, pp. 73-86
in Isotopes in Lake Studies. IAEA, Vienna.

UNRAU, P., D.R. CHAMP, J.L. YOUNG and C.E. GRANT.
Nucleic acid-binding glycoproteins which solubilize
nucleic acids in dilute acid. Re-examination of the
Ustilago maydis glycoproteins. The J. of Biological
Chemistry 255(2): 614-619.

HENDRIE, 1'..K. and A.G. PRICE. Energy balance, snowmelt
and runoff in a leafless deciduous forest, pp. 3-26
in Hydrological and Geochemical Studies in the Perch
Lake Basin: A Second Report of Progress, (P.J.
Barry, Ed.). Atomic Energy of Canada Limited, Report
AECL-64 04.



3.27 PUBLICATIONS (cont'd)

HENDRIE, L.K. and A.G. PRICE. Energy balance and snow-
melt in a deciduous forest, pp. 211-221 in Froc.
Modeling of Snow Cover Runoff, (S.C. Colbeck and M.
Ray, Eds.). U.S. Army Corps of Engineers, CRREL,
Hanover, New Hampshire.

PRICE, A.G., L.K. HENDRIE and T. DUNNE. Controls on
the production of snowmelt runoff, pp. 257-268 in
Proc. Modeling of Snow Cover Runoff, (S.C. Colbeck
and M. Ray, Eds.). U.S. Army Corps of Engineers,
CRREL, Hanover, New Hampshire.

JACKSON, R.E. and K.J. INCH. Hydrogeochemical processes
affecting the migration of radionuclides in a fluvial
sand aquifer at the Chalk River Nuclear Laboratories.
National Hydrology Research Institute, Inland Waters
Directorate, Environment Canada, Ottawa. NHRI Paper
No. 7, Scientific Series No. 104.

KILLEY, R.W.D. and P. FRITZ. Carbon dioxide flux across
a lake atmosphere interface as determined by carbon
isotope data (Extended Synopsis), pp. 245-249 in
Isotopes in Lake Studies. IAEA, Vienna.

LEE, D.R., J.A. CHERRY and J.F. PICKENS. Groundwater
transport of a salt tracer through a sandy lakebed.
Limnol. Oceanogr. 25(1): 45-61.

LEE, D.R. Comment - Groundwater-solute influx. Limnol.
Oceanogr. 25(1): 183-186.

LEE, D.R. Book Review - Groundwater by R.A. Freeze and
J.A. Cherry, Prentice-Hall, Englewood Cliffs, N.J.,
U.S.A. Stygo News 2(2): 15-16.

3.28 VERBAL PRESENTATIONS*

3.28.1 Lectures or Seminars

BARWELL, V.K. Participated in the National Working
Group on Atmospheric Radioisotope Releases, Toronto,
February 12.

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



3.28.1 Lectures or Seminars (cont'd)

BARWELL, V.K. Participated in a Seminar on Groundwater
Modelling by Intera Environmental Consultants,
Houston, Texas, February 26-29.

CHAMP, D.R. Participated in Forum on Health Sciences.
Fifth Annual Science Teachers' Seminar, CRNL, March
27-29.

JUDD, J.M. Conducted tour of Perch Lake environmental
area. Fifth Annual Science Teachers' Seminar, CRNL,
March 27-29.

LEE, D.R. Procedures for measuring groundwater-
contaminant flux to surface waters. Presented to
Contaminant Hydrogeology Class, Dept. of Earth Sciences,
University of Waterloo, February 12.

MERRITT, W.F. Participated in U.S. National Academy
of Sciences survey of radiological conditions on the
Island of Enewetak, March 19-28.

3.28.2 Local Talks

CHAMP, D.R. Discussions with the Canadian Labour
Congress Energy Committee on Environmental Considera-
tions in Energy Production, CRNL, March 06.

CHAMP, D.R. Presentation and discussion of The Health
and Environmental Effects of Energy Production with
Fathers Pete and Burke of the Catholic Church, CRNL.
March 11.

OPHEL, I.L. and W.F. MERRITT. Glass block experiment.
Visit of J.L, Crandall and R.G. Garvin, Savannah
River Laboratory and L. Hench, University of Florida,
CRNL, February 08.

OPHEL, I.L. and J.M. JUDD. Participated in general dis-
cussion on work of Health Sciences Division and con-
ducted tour of Perch Lake. Mackenzie High School
Mini Courses, CRNL, February 28-29.

3.29 INVITED SPEAKERS*

SYKES, J.F., Dept. of Civil Engineering, University of
Waterloo - "Modelling of energy and mass transport
in porous media", CRNL, March 20.

*Papers in this section are generally not available in
print.
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RADIATION BIOLOGY BRANCH

by

D.K. Myers

5 .1 Staff

5.2 Aims of the Branch

BIOCHEMISTRY AND MOLECULAR BIOLOGY

5.3 Detection of Radiation Damage in DNA of Human White Blood Cells

5.4 Radiation Induced Letha l i ty and Gene Conversion in Saccharomyces
cerevisiae. Relative Effectiveness of the Primary Aqueous
Radicals

5.5 A Comparison Between Cell K i l l i n g and Genetic Damage in Yeast
Irradiated in the Presence of Various Concentrations of Molecular
Oxygen

5.6 Formation of 5-Hydroxymethylcytosine-Containing Dimers in
UV-Irradiated Bacteriophage T4 DNA

5.7 Use of Alkal ine Elution to Study DNA Damage and Repair i n
Human Cells

5.8 In Vi t ro y-Ray Sens i t i v i t y of Fibroblasts from Individuals
with Hodgkin Disease and Radiogenic Breast Cancer

5.9 Y"Ray Induced Unscheduled DNA Synthesis (UDS): An Autoradiographic
Method for the Detection of DNA Repair in Human Cells

5.10 The Genetic Effects of T r i t i a t ed Water on S_. cerevisiae
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5.1 STAFF

Branch Head - D.K. Myers

Biochemistry of DNA and RNA
H.C. Birnboim

Radiation Damage in Cell Walls
and Membrane

R.E.J. Mitchel

Enzymatic Repair of Radiation
Damage to DNA

N.E. Gentner
B. Rozga1

DNA Repair in Cultivated Human Cells
M.C. Paterson
N.T. Bech-Hansen2

P.J. Smith2

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

Bacteriophage T4 Genetics
J.D. Childs

Radiation-Induced Tumors
D.K. Myers

Secretary
"C. I . Walters

Assistants J.J. Jevcak
A.G. Knight

Assistant K.M. Baird

Assistant M.M. Werner

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

Assistants V.M. Clermont
M.C. Wolfgram

Assistant R. Pilon

Assistants L.D. Johnson
J.F. McGregor

Animal House Supervisor
M.A. Jones

Laboratory Attendant
B.A. Ruhnke

xDr. B. Rozga, Insti tute of Biochemistry and Biophysics, University of
Lodz, Poland, joined Radiation Biology Branch 1980 February 20 as a
Postdoctoral Fellow, Social Sciences and Humanities Research Council of
Canada.

2Attached Staff (Research Associates with MCP) under U.S. NCI Contract
ND1-CP-81002 with the Clinical Epidemiology Branch, National Cancer
Inst i tute, Bethesda, Md.



5.2 AIMS OF THE BRANCH

Research in the Radiation Biology Branch is directed
towards an understanding of the effects of ionizing
radiation on living organisms, with a particular interest
in assessment of the genetic and carcinogenic hazards of
low-level radiation to human populations. Attention is
given to the entire chain of events by which the initial
radiation-induced changes in the living cell are translated
into significant biological effects. The most critical
target for damage by radiation or radiomimetic chemicals in
the environment appears to be DNA, the carrier of
hereditary information in all living cells. The harmful
consequences of this initial damage to DNA can be
diminished 1000-fold or more by repair processes in the
living organism. An improved understanding of the DNA
repair mechanism would thus seem to be crucial for a proper
interpretation of the shape and position of radiation
dose-effect curves and consequently for assessment of the
hazards of low-level radiation to humans and other living
organisms. Research activities in the Branch are currently
focussed on this area.

5.3 DETECTION OF RADIATION DAMAGE IN DNA OF HUMAN WHITE BLOOD
CELLS - H.C. Birnboim, J.J. Jevcak, and A.G. Knight

We have continued to investigate optimal conditions for
detecting strand breaks in DNA, using a fluorometric
technique for monitoring the rate of DNA unwinding in alkali.
Since one use of such a method would be the detection of DNA
damage in white blood cells, a rapid and reliable method for
isolation of total white blood cells has been developed,
These cells are exposed to alkaline conditions and, after
neutralization and shearing, the residual double-stranded
DNA is measured by a fluorometric procedure involving
ethidium bromide, a fluorescent dye. At the present stage
of development, the method allows the detection of DNA
damage induced by 1 Gy of y-radiation to human blood.
Factors affecting the sensitivity and reproducibility of the
measurements are being investigated further.
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5.4 RADIATION INDUCED LETHALITY AND GENE CONVERSION IN
SACCHAROMYCES CEREVISIAE. RELATIVE EFFECTIVENESS OF
THE PRIMARY AQUEOUS RADICALS. - R.E.J. Mitchel,
D.P. Morrison, P. Unrau, V.M. Clermont, and M.C. Wolfgram

The yeast S. cerevisiae (D7.52a) was monitored for
genetic damage TTrp+ reversion by gene conversion) and
survival after °° Co-y irradiation in the presence of
various free radical scavengers. When ethanol was used
as an OH* scavenger in oxic and anoxic conditions, the
results indicated OH- effectiveness in generating both end
points was much increased in the presence of oxygen. An
increase in the concentration of 02~ at the expense of
OH', by oxic irradiation in the presence of formate, gave
little or no change in lethality or gene conversion,
suggesting 02~ is damaging in this system. While doubling
of OH* yield at the expense of e~ resulted in no net change
in the rate of gene conversion at sublethal doses, in the
lethal range survival appeared to decrease, suggesting a
difference in the ability of e~ to initiate gene conversion
and kill cells. aq

Overall the results indicate that direct as well as
aqueous radical mediated damage is important to the cell,
particularly in anoxia. In the presence of oxygen the
importance of indirect damage appears to be magnified by
0 2 modification of OH* induced secondary radicals. Since
both end points, cell survival and genetic damage, respond
in parallel to most manipulations of the primary radical
yields, the major processes controlling each may be common.

5.5 A COMPARISON BETWEEN CELL KILLING AND GENETIC DAMAGE IN YEAST
IRRADIATED IN THE PRESENCE OF VARIOUS CONCENTRATIONS OF
MOLECULAR OXYGEN - R.E.J. Mitchel, P. Unrau, D.P. Morrison,
K.M. Baird and V.M. Clermont

Saccharomyces cerevisiae (D7.52a) was exposed to 60Co
y-radiation in the presence of various concentrations of 0 2
and a comparison was made between the effects of the 0 2 on
cell killing and genetic damage (trp+ reversion by gene
conversion). At sublethal doses a biphasic response curve
was found for gene conversion. At a constant dose, increased
conversion was observed as the oxygen concentration was
raised. The first detectable increase over the anoxic level
occurred at about 2 yM 0 2, and a plateau was observed at about
50 uM 0 2. Samples saturated with oxygen had higher conversion
rates than samples saturated with air. When cell killing was
monitored, a very similar response was seen with the initial
effect and the plateau occurring at 0 2 concentrations similar
to those found for gene conversion. A part of this 0 2 response
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may be due to reactions of oxygen at si tes other than DNA.
In a ce l l wall-membrane system from M. radiodurans, the
release of polysaccharide and exonuclease was monitored to
estimate the concentration at which 02 began to compete
e f fec t i ve ly with natura l ly occurring molecules, for radiat ion
induced organic radicals. The effects of 02 scavenging in
th is system were f i r s t detectable at about 40 yM 02» a
concentration s imi lar to the plateau region found for gene
conversion and survival in yeast. These resul ts suggest that
the second part of the oxygen response curves in yeast could
be due to radicals transferred to DNA from other organic
molecules.

5.6 FORMATION OF 5-HYDROXYMETHYLCYTOSINE-CONTAINING DIMERS IN
UV-IRRADIATED BACTERIOPHAGE T4 DNA - J.D. Chi Ids and
R. Pi Ion

The most important photoproducts formed in UV-irradiated
DNA are probably dimers formed between adjacent pyritnidines.
These are believed to be responsible fo r most of the le tha l
and mutagenic effects of far UV-irradiat ion and may contr ibute
towards the incidence of skin cancer induced by solar-UV l i g h t .
In bacteriophage T4 we have shown, contrary to previous
reports, that the unusual pyrimidine, 5-hydroxymethylcytosine
(5HMC), can par t ic ipate in the formation of dimers wi th
thvmine (T). In bacteriophage T4, 5HMC completely replaces
cytosine (C) found in the DNA of most other organisms. We
have studied in deta i l the formation of SHMoT dimers
par t i cu la r l y at wavelengths of importance in sunl ight i . e . from
295 nm to 320 nrri.

The amount of 5HMCT formed re la t i ve to f t i n these
experiments, and for comparison the ra t io of CT:TT in E. co l i
DNA determined

Wavelength (nm)

5HM(fT:TT

CTrTT (E. coli)

previously

254

0.07

0.76

was:

280

0.09

0.83

300

0.28

1.15

313

0.41

1.56

320

0.26

0.84

I t can be seen that the ratio of 5̂HI%T:TT in T4 was highest
at 313 nm as i t was for the ratio of CT:TT in E. co l i . However,
there are two important differences between the~resu7ts for T4
and §_;_ col i . The f i r s t is that the ratio of 5HMCT:ft in T4 is
much less than the ratio of CT:TT in E. coli at a l l wavelengths.
Part of this difference is due to the lower proportion of 5HMC
in T4 DNA compared to cytosine in L_ coli DNA, but most of this
is presumably a reflection of a reduced abi l i ty of 5HMC to
participate in dimer formation compared to cytosine. The second
is that the increase at 313 nm compared to 254 nm is much greater
for the ratio of 5HMCT:TT (6 fold) than i t is for CT:TT (2 fo ld) .
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5.7 USE OF ALKALINE ELUTION TO STUDY DNA DAMAGE AND REPAIR IN
HUMAN CELLS - N.E. Gentner, M.M. Werner, M.C. Paterson, and
B.P. Smith

This project utilizes the very sensitive alkaline elution
technique to study the repair of specific types of ionizing
radiation-induced DNA damage in a biologically significant
dose range. It hopes to identify the particular lesion(s)
for which repair is defective in cells from individuals
with the radiosensitive and cancer prone disease ataxia
telangiectasia (AT).

Studies on the repair of another type of y-ray lesion
have been completed. Cross-links between DNA and proteins are
repaired normally in four AT cell lines tested. The rate of
repair of such abnormal linkages appears to be at least as
rapid as the rate for repair of breaks in the backbone of DNA.

The class of lesions currently under examination was
chosen because the action of recombinational repair would be
required to remove them. These are interstrand DNA-DNA cross-
links induced by treatment of cells with the potent carcinogen
mitomycin C. The extent of persistence of sucn cross-links can
be monitored in cells sampled after allowing various times for
repair, because they restrict the alkaline elutability
(unwinding) of DNA strands after a "test" exposure (5 Gy).

USE OF HIGH PERFORMANCE LIQUID CHROMATOGRAPHY TO FOLLOW THE
FATE OF VARIOUS RADIATION-INDUCED LESIONS IN HUMAN CELLS -
N.E. Gentner, B. Rozga, B.P. Smith, and M.C. Paterson

Both UV and ionizing radiation induce a variety of different
lesions in DNA. Many repair measurements do not follow the
fate of specific lesions but rather determine biochemical end-
points which reflect the overall progress of repair. It is now
recognized that a repair defect may exist only with respect to
a particular type of lesion. The ability to identify and follow
the fate of individual classes of lesions would therefore extend
our resolution in relating repair deficiency to, say, cancer-
prone diseases.

The separation ability of high performance liquid
chromatography (HPLC) was demonstrated to us by Dr. J. Cadet,
Visiting Scientist, in 1978, and preliminary work performed on
separation of UV-induced pyrimidine dimers. Dr. Rozga will
extend these studies. The rates of repair of thymine-containing
dimers in cells from the various complementation groups of the
sunlight-sensitive disease xeroderma pigmentosum is being
determi ned.
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5.8 IN VITRO Y-RAY SENSITIVITY OF FIBROBLASTS FROM INDIVIDUALS
WITH HODGKIN DISEASE AND RADIOGENIC BREAST CANCER - M. Torben
Bech-Hansen, B.M. Sell and M.C. Paterson

We have determined the y-ray sensitivity of skin fibroblast
cells derived from three sisters, two of whom had received
radiotherapy treatment for their Hodgkin disease and subsequently
developed breast cancer. In our analysis, we have measured the
colony forming ability of cells after 60Co y-radiation in air.
Cells from one patient showed normal radiosensitivity
(2960T: Di0 = 396 + 10) while the other patient cells were
moderately sensitive (2961T: Dlo = 333 t 19). The cells from
the clinically normal sister were the most sensitive
(2959T: Dx ? = 249 ± 36). The finding of a radiosensitive
phenotype in two members of this sibship suggests the possible
presence of a genetic factor which may be predisposing these
individuals to the development of cancer. We are presently
attempting to clarify (1) the basis of the discordance between
the in vitro radiosensitivity and the development of cancer and
(2) W e molecular defect which confers the cellular radiosensitivity.

5.9 Y-RAY INDUCED UNSCHEDULED DNA SYNTHESIS (UDS): AN AUTORADIOGRAPHIC
METHOD FOR THE DETECTION ofDNA REPAIR IN HUMAN CELLS - P.J. Smith
and M.C. Paterson

Ionizing radiation-induced DNA repair synthesis is a reflection
of the excision repair of DNA base damage and the repair of DNA
single strand breaks. Repair synthesis is monitored by the
incorporation of tritiated thymidine into the DNA of cells not
actively undergoing de novo DNA synthesis. Previously we have
studied y-ray induced repair synthesis in cultured human
fibroblasts by the measurement of repair replication; this
biochemical assay utilizes the ability of hydroxyurea to inhibit
de novo DNA synthesis but not repair synthesis. We have evaluated a
cytological assay in which repair synthesis was measured by the
autoradiographic detection of UDS in cells not in the DNA
synthesis phase (i.e.non-S phase) of the cell cycle. The mean
autoradiographic grain count per non-S phase nucleus was taken as
an estimate of repair.

We determined that a 50 krad (0.5 kGy) exposure to gamma-
radiation produced non-saturated levels of UDS which could be
accurately measured by microscopic analysis of cultured human
fibroblasts derived from a normal donor. Hydroxyurea (1 mM)
did not inhibit UDS in agreement with the results from parallel
studies in which repair replication was also found to be
unaffected by hydroxyurea concentration (0.01-10 mM). Following
gamma-irradiation (50 krad or 0.5 kGy), LIDS increased with



- 61 -

incubation time and was maximally expressed at 4-6 h. Comparing
UDS for cells irradiated under oxic and hypoxic conditions
(50 krad or 0.5 kGy), the oxygen enhancement ratio (OER) was
3.1, 2.3, 1.8, 1.7 and 1.4 for 0.5, 1, 2, 4 and 6 h repair
respectively. The change in OER with incubation time
presumably reflects the initial contribution to repair synthesis
of rapidly rejoined DNA single-strand breaks; strand breaks are
numerically more frequent under oxic compared to hypoxic conditions.
The above observations are in good agreement with the characteristics
of repair synthesis followed by the repair replication assay.
However the UDS method has the advantage that the procedure is
less expensive, and may be performed irrespective of whether the
cells are actively growing in culture. Furthermore a minimum of
200 cells are required for UDS measurements compared to 1 million
cells for each estimate of repair replication. The above features
suggest that the UDS technique may be adapted for screening
programs involving fetal cells (obtained by amniocentesis) or
white blood cells (prepared from whole blood samples).

5.10 THE GENETIC EFFECTS OF TRITIATED WATER ON S^ CEREVISIAE -
D.P. Morrison and P. Unrau

We have reported previously that the rate of induction of
gene convertants by tritium 3-rays in the yeast strain D7.52a
is not affected by dose rate, and that this observation did
not agree with published data for strain AD4. The basic
difference between the strains is that D7.52a is heterozygous
for the radiation sensitivity allele rad52-l (but phenotypically
wildtype), while AD4 is both genotypically and phenotypically
wild type for this gene. In a single experiment using strain
MU42, a derivative of D7.52a which is homozygous wildtype at
the RAD52 locus, we have found no evidence of a tritium
B-ray dose rate effect. Heterozygosity of RAD52 is not, it
appears, the basic cause of the discrepancy in the response to
B-rays at different dose rates.

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

D7 stocks are normally prepared by selecting the lowest
spontaneous frequency stocks from fluctuation tests (cultures
grown from an initial inoculum so small that no prior genetic
events are expected). The spontaneous mitotic genetic events
scored (trp* conversion and ilv+ back mutation) differ
significantly in frequency from one D7 diploid to another,
depending mainly on the rad mutations present. The observed
range of variation in mean spontaneous conversion or mutation
frequency for some of our strains is shown in Table 1. The
frequencies are sensitive to environmental manipulation, being
generally lower at lower temperatures. Excision defects
(D7.3, rad3 homozygous) are correlated with increased
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spontaneous gene conversion and mutation; the absence of error-
prone repair (07.6, rad6 homozygous) correlates with greatly
enhanced spontaneous gene conversion; and the absence of
inducible recombination repair (D7.MU24) correlates with
greatly enhanced spontaneous mutation rates. These
observations suggest that the role of the RAD repair
systems in mitotically growing cells is in fact to increase
the fidelity of DNA replication.

The increase in genetic events in rad3 suggests that
excision repair decreases these events and increases fidelity
in wild-type strains. However, some lesions must escape or wild-
type cells would otherwise show much greater accuracy. The
effects of "escaped" lesions are further reduced by the RAD6
system, since "escaped" lesions in the mutants rad6 strain lead
to greatly enhanced gene conversion rates. Finally, recombination
repair is involved in correcting escaped lesions as is shown
by rad52 in which mutation frequencies are much higher than in
wild type. It is expected that the coordinate accuracy of all
three systems acting together is greater than that of the various
pair-wise combinations; this is reflected by absolutely fewer
genetic events per 106 cells in wild type than in any of the
rad strains.

It seems that the normal role of the RAD systems is not
DNA repair after ionizing irradiation; normal populations of
yeast cells will not receive irradiation at rates above 0.04
mRAD (4 x 10~7Gy)/generation, while spontaneous gene conversion
and mutation rates would require exposures to greater than
100 rads equivalents (1 Gy) per generation. In other words,
spontaneous lesions occur in growing populations at more than
106 times the frequency expected from background irradiation.
However, the spontaneous and induced lesions must share
common features to be substrates for the same repair systems,
especially as doses up to 5000 rads (50 Gy) have no effect on
survival of repair competent cells.

Further experiments to study spontaneous genetic events will
require synthesis of double and triple mutant strains, which
will be facilitated by theacquisition of suitable rad6 haploid
strains from B. Kunz, York University.
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TABLE 1

Strain

D7-W
D7-3
(rad3/rad3)
D7-6
(rad6/rad6)
D7-MU24
(rad52/rad52)

+
t /106

8.7410.231

29.5+1.15

66.3+1.65

5.41+0.14

+
i /106

1.25±0.04
6.69+0.09

0.45+0.01

6.68±0.35

Change

1
3

7

0

to Wt
+

.00

.4

.6

.6

r e l .
;

1
5

0

5

+
i

.00
.4

.36

.3

Total events/
106 ce l l s

10.00
36.2

66.8

12.1

1) Mean frequency and error of the mean from approximately 20
independant populations of each strain, grown at 30°C.

5.12 INDUCTION OF GENETIC CHANGES IN YEAST - D.P. Morrison,
L.D. Johnson, D.K. Myers and P. Unrau

Ionizing radiation and several other carcinogenic agents
are known to be relatively inactive in bacterial point mutation
assays for carcinogens. We are currently exploring the value
of a gene conversion assay in various diploid strains of yeast
(S. cerevisiae) as an indicator of the genetic damage caused
by these agents. The increase in gene conversions at the
trp5 locus was found to be directly proportional to radiation
dose with X-, beta- or gamma-radiation; the yield was about
5 x 10"G convertants/G.y (in oxygen) in five yeast strains
tested. From our own data as well as those published
previously by Zimmertnann et al. (Mol .gen.Genet. 100, p.63,
1967; Mut.Res.28, p.381, 1975), the number of induced
gene convertants also appeared to be directly proportional to
dose of mitomycin C or of methyl-nitrosoguanidine. The
response may be proportional to dose at very low doses but
increased in proportion to the square of the dose at higher
do:>es of ultraviolet light, of sodium nitrite at pH 4, or of
ethyl methanesulfonate. Gene conversions could also be
detected with sodium sulfite at pH 4. Induced gene conversion
was a much more frequent event than mutation; the ratio of
trp5, ade2 or his! gene conversions to back mutations of the
TsyT-1, trp5-12 or trp5-27 alleles was 100 or more with
ionizing radiation, with mitomycin C and with sodium nitrite
at pH 4. The gene conversion assay thus appears more sensitive
than a mutational assay for detecting genetic damage caused by
these carcinogenic agents.



5.13 TUMOR INDUCTION IN RATS: SYNERGISTIC EFFECTS OF RADIATION
CARCINOGENESIS - J.R. McGregor

Mortality rates of rats whose skins were exposed to beta
radiation with and without applications of cigarette-smoke
condensate, and controls, in a study on synergism have been
examined for information needed in preparing a manuscript on
tumor induction. A single dose of 1600 rads (16 Gy) and 40%
cigarette-smoke condensate (CSC) in acetone applied 3 times
weekly for 18 months were administered singly or sequentially
to a restricted skin area. Neither the radiation npr the
CSC markedly increased the mortality rate. Surprisingly,
however, significantly (p <_ 0.02) lower mortality rates were
found for CSC treatments whether or not preceded by radiation
exposure. This finding is clearly attributed to prophylactic
or therapeutic effect, perhaps both, of CSC on account of
chronic murine pneumonia being widespread in the population
and causing most deaths in the experiment.

(Note: Respiratory disease is an outstanding hazard in
long-term experiments with rats. In recent years, a variety
of respiratory pathogens have been found in rats supplied by
certain commercial Canadian breeders (Resource, CCAC, Vol. 3,
1978), indicating a decline in animal quality. Our latest
purchase of rats (Canadian Breeding Farm and Laboratories
Limited), now 16 months old, however, appear to be "disease-
free"; 10% mortality rate, compared with 57% (1974) and 45%
(1977) for the preceding "diseased" stocks.)

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

Most of the animals in the study, which commenced at the
end of 1978, are still alive. Based on the March 4, 1980
inspection, deaths amounted to (1) 8.0% in the unirradiated
controls (2) 8.4% in the groups receiving 1200 rads (12 Gy)
and (3) 10.3% in the groups receiving 2400 rads (24 Gy) to a
localized area of skin. These differences are not significant.

We have no skin tumors in the unirradiated groups. Among
the 153 surviving animals in the groups receiving 1200 rads
(12 Gy), 30 animals (19.6%) have one or more tumors in the
irradiated area. For the 157 survivors receiving 2400 rads
(24 Gy) 56 animals (35.7%) have one or more tumors in the
irradiated area.



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

Preparations for the long-term follow-up of past CRNL
employees are continuing in collaboration with Office Services Branch,
Mathematics and Computation Branch and Dr. J.L. Weeks, WNRE. At
a recent meeting on this epidemiology program, it was decided
to ask for further advice on a proposal to split the follow-up
into three portions. Of the three answers received to date
from epidemiologists in other organizations, two have favoured
this proposal and the third opposed it, although there is
considerable agreement in the reasons given in all three answers;
further discussion on this topic is anticipated within the
next month.

At the request of Ontario Hydro, a brief review was
prepared on the long-term biological effects of transmutation
of tritium and carbon-14 incorporated into the DNA of living
organisms. Transmutation of tritium to helium-3 and of
carbon-14 to nitrogen-14 would cause damage to DNA in addition
to that caused by the beta-particle produced during decay of
these isotopes. Two different approaches suggested in a recent
review (NCRP Report No. 63) yield considerably different
answers; however, discussion of this topic by professionals
in the Branch revealed that one of the approaches suggested in
this review contained major errors in logic. It was concluded
that transmutation of tritium and carbon-14 incorporated into
the DNA would not increase the biological hazards of these two
isotopes by more than one percent in most situations. In one
particular case, namely incorporation of tritium from a pulse of
tritiated water into the DNA of the egg cells of a female
embryo, transmutation effects might increase long-term genetic
risks by as much as 18 percent over those caused by beta-particles
from the tritiated water. This is a small factor when compared
to the other uncertainties involved (for example, the fact that
the genetic risks may in this case all be over-estimated by a
factor of ten or*more).

5.16 PUBLICATIONS

Mitchel, R.E.J. - Micrococcus radiodurans surface exonuclease.
Dimer to monomer conversion by ionizing radiation-generated
aqueous free radicals. Biochem, Biophys. Acta 621, 138-146
1980.

Myers, D.K. - Health of Radiation Workers. Atomic Energy of
Canada Limited, Report AECL-6684 (1979).

Myers, D.K. and H.B. Newcombe - Health Effects of Energy Development.
Atomic Energy of Canada Limited, Report AECL-6678 (1980).
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Paterson, M.C. - Hereditary and Environmental Interactions in
Human Cancer. Absts. 1980 Intra-Science Symp. New Directions
in Cancer Causation, Santa Monica, Ca., 1980 Feb. 06-08 (1980)
(Abstract"!!

5.17 VERBAL PRESENTATIONS*

5.17.1 Presented Papers

Myers, D.K. - The CANDU System as a Source of Energy. Presented
to meeting organized by Faculty of Medicine, University of
British Columbia, Vancouver, March 13.

5.17.2 Lectures or Seminars

Gentner, N.E. - Importance and nature of recombinational repair
processes in radiation-damaged Schizosaccharomyces pombe.
Presented to Department of Biological Sciences, Concordia
University, Montreal, P.Q., 1980 February 22.

Gentner, N.E. - How the marked radioresistance of Micrococcus
radiodurans is primarily due to recombinational repair
proficiency. Presented to Department of Biological Sciences,
Concordia University, Montreal, P.Q., 1980 February 22.

Myers, D.K. - The Clinical Significance of Low Dose Radiation
including Radiation Risks and Standards. Presented four
times to Post Graduate Review in Family Medicine, organized
by Faculty of Medicine, University of British Columbia,
Vancouver, 1980 March 12-14.

Paterson, M.C. - Hereditary and Environmental Interactions in
Human Cancer. Presented in Session III, DNA Damage and Repair
and Carcinogenesis at the 1980 Intra-Science Research
Foundation's Symposium on "New Directions in Cancer Causation",
Santa Monica, Ca., 1980 February 06-08.

Paterson, M.C. - In Vitro Radiosensitivity and DNA Repair in
Genetic Syndromes and Families at High Risk of Malignancy:
Progress Report. Presented to the Clinical Epidemiology Branch,
U.S. National Cancer Institute, Bethesda, Md., 1980 January 29.

Paterson, M.C. - Carcinogens, Imperfect DNA Repair, and Human
Cancer. Presented in the Seminar on Cancer Genetics for the
1980 Spring Meeting of the American Society of Clinical
Pathologists, Atlanta, Ga., 1980 March 21-27.

Paterson, M.C. - Ataxia telangiectasia: an inherited disorder
featuring radiosensitivity, malignancy and defective DNA
repair. Presented to Department of Medicine, Biological Sciences
Research Center, University of North Carolina, Chapel Hill, N.C.,
1980 March 27.

*Papers in this section are generally not available in Drint.
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Paterson, M.C. - Genetic and Environmental Interactions in
Human Cancer. Presented to the College of Pharmacy,
University of Kentucky, Lexington, Ky., 1980 March 28.

Smith, P.J. - Defective DNA Repair and Proneness to Cancer.
Presented at Paterson Laboratories, Christie Hospital,
Manchester, U.K., 1980 January 10.

Unrau, P. - Genetic Effects of Ionizing Radiation in Yeast.
Presented at Seminar "Genetic Effects of Ionizing Radiation
in Yeast" Biology Department, York University, Toronto,
February 06.

Unrau, P. - Genetic Effects of Ionizing Radiation in Yeast.
Plant Sciences Division, University of Western Ontario,
London, Ontario, February 04.

5.17.3 Local Talks

Birnboim, H.C. - A Rapid Fluorometric Method for Detection of
DNA Strand Breaks Following Exposure of Human White Blood
Cells to a Low Dose (100 R) of Co60 y-Rays. Presented at
Health Sciences Division Seminar, 1980 February 18.

Gentner, N.E. - Radiation and the Origin and Evolution of Life.
Presented at CRNL Science Teachers' Seminar, Chalk River,
1980 March 29.

Mitchel, R.E., J.D. Childs - Forum on Biology. Presented at
CRNL Science Teachers' Seminar, Chalk River, 1980 March 29.

Myers, D.K. - Biological Effects of Radiation. Presented to
Mackenzie High School studies at CRNL, 1980 February 28.

Myers, D.K. - The Nuclear Debate: A Search for Common Ground.
Presented at CRNL Science Teachers' Seminar, Chalk River,
1980 March 29.

Paterson, M.C. - The Environment, Heredity and Human Cancer.
Presented at the Deep River Science Association, Deep River,
Ontario, 1980 January 04.
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5.18 INVITED SPEAKERS'

Dr. D.I. Hoar, Department of Medical Genetics, University of
Toronto, Toronto, Ontario - "Cockayne Syndrome - New
Insights from Old Ideas", 1980 February 20.

Dr. C.J. Koch, Experimental Oncology, Ontario Cancer Foundation,
London Clinic, Victoria Hospital, London, Ontario -
"Combined Radiation Protective and Radiation Sensitizing
Agents: Radiation and Cytotoxic Responses of Hypoxic
Mammalian Cells", 1980 March 05.

Dr. A.J. Rainbow, Department of Radiology, McMaster University,
Hamilton, Ontario - "Reactivation of Adenovirus in Normal
and Mutant Human Cells", 1980 February 25.

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

by

J.R. JOHNSON

6.1 STAFF

6.2 BIOASSAY LABORATORY

6.2.1 Tritium Dosimetry

6.2.2 Bioassay Analyses Tables

6.2.2.1 Personnel of CRNL

6.2.2.2 Personnel of Commercial Products
6.2.2.3 Personnel of Other Organizations
6.2.2.4 Environmental and Process Sample Analyses
6.2.2.5 Distribution of Tritium Exposure at CRNL

6.3 IN VIVO MONITORING
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6.4 RADIOCHEMICAL ANALYSIS

6.4.1 Nickel-63

6.4.2 Fission Product Analysis

6.5 METABOLIC MODELS AND INTERNAL DOSIMETRY

6.5.1 Committed Dose Equivalents for Critical Organs

6.5.2 Alkaline Earth Modelling

6.6 PAPERS, REPORTS, ORAL PRESENTATIONS

6.6.1 Presented Papers

6.6.2 Reports

6.6.3 Informal Lectures
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6.1 STAFF

Branch Head

Secretary

Professional

Technical

Clerical

Waterloo Student

L.A. Kaden

J.R. Johnson
G.H. Kramer

D.F. Autayo
I.M. Christie
A. Hesketh

M. Gresham (Part-time)

R.C. Myerst

6.2 BIOASSAY LABORATORY

6.2.1 Tritium Dosimetry

The method of calculating whole body doses from tritium oxide
exposures at CRNL has been reviewed in light of two recent
publications, ICRP Publication 30 (Limits for Intake of Radio-
nuclides by Workers) and NCRP Report No. 63 (Tritium, and Other
Radionuclide Labeled Organic Compounds Incorporated in Genetic
Material).

Both reports equate the average dose to soft tissue to the
whole body dose. ICRP Publication 30 assumes that the tritium is
only in the body water, which is equally distributed throughout soft
tissue. NCRP Report No. 63, assumes that as well as tritium in
body water being equally distributed throughout soft tissue, the
soft tissue itself is "labeled" with tritium, and adds to the dose.
CRNL's procedure is to assume that the dose to body water is the
whole body dose, which is more conservative than either method used
in these reports. Whole body dose rates based on a urine concentration
of 1 yCi/L would be: CRNL = 0.29 mrem/d, ICRP = 0.19 mrem/d and
NCRP = 0.22 mrem/d.

The estimate of doses from tritium oxide exposures will be kept
under review. We intend to continue using the present method,
described in more detail in AECL-5507, at least in the near future.

t Working with J.R. Johnson, reported 1980 January 02
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6.2.2 Notes to Tables 6.2.2.1 - 6.2.2.3

1) The term "positive" indicates samples that contained a
significant amount of a particular radioactive isotope. An
individual positive at a particular time is removed from
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.

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

5) Gamma-ray spectroscopy of raw bioassay samples for gamma-emitting
fission and activation products.

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

7) Miscellaneous analyses included ^ C , 63Ni, 226Ra and N a tPb.

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

6.3 IN VIVO MONITORING

A realistic chest-lung phantom has been purchased and tests on
it have begun. The phantom consists of the thorax section of a
skeleton embedded in a tissue equivalent material, a model
mediastinum and lung insert, and kits to make up five mediastinum
and lung inserts. The lungs of these inserts will be loaded with
various radionuclides for calibration purposes.

The delivery of the large phoswich detector has been delayed,
and will not arrive until fiscal 1980-81. One of the reasons for
the delay was beryllium that is low in naturally occurring radio-
nuclides, and which was specified for the window of the detector, is
not available. Thin aluminum, a sample of which was measured at
CRNL to insure that it had an acceptably low content of radio-
nuclides, has been substituted as a window material.



Table 6.2.2.1

Bloassay Analyses

PERSONNEL OF CHALK RIVER NUCLEAR LABORATORIES

1979-1980

8-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
Arsons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

DECEMBER

TOTAL

150
131

310
204

68
39

137
105

16
13

X?
10

0
0

693
4

Positive

Number

0
0

1
1

0

0
0

0
0

0
0

-

1
1

(1)

%

0
0

0.3

0

0
0

0
0

0
0

-

0.1

JANUARY

TOTAL

217
172

414
229

46
33

212
162

19
13

3
3

0
0

911
5

Positive

Number

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

FEBRUARY

TOTAL

163
136

371
251

94
55

149
117

7
7

12
8

0
0

796
3

Positive

dumber

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

TOTALS

TOTAL

530
439

1095
684

208
127

498
384

42
33

27
21

0
0

2400
12

Positive

Number

0
0

1
1

0

0
0

0
0

0
0

-

1
1

(1)

%

0
0

0.1

0

0
0

0
0

0
0

-

0.04



Table 6.2.2.2

Bloassay Analyses

PERSONNEL OF COMMERCIAL PRODUCTS

1979-1980

6-emitters (2)

Tritium (3)

Iodine (4)

y-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

DECEMBER

TOTAL

3
3

0
0

10
8

8
5

1
1

0
0

0
0

22
0

Positive (1)

Number

0
0

0

0
0

0
0

0
0

%

I
I 

||
 

O
 

O
 

O
 

1 
1 

O
 

O

0

JANUARY

TOTAL

3
3

:

2 2

13

13
12

0
0

0
0

6
6

44
1

Positive (1)

Number

0
0

0

0
0

0
0

0
0

%

0
0

0

0
0

0
0

0

FEBRUARY

TOTAL

0
0

0
0

11
6

4
4

0
0

0
0

5
5

20
2

Positive (1)

lumber

0

0
0

0
0

0
0

%

0

0
0

0
0

0

TOTALS

TOTAL

6
6

0
0

43

25
21

1
1

0
0

11
11

86
3

Positive (1)

dumber

0
0

0

0
0

0
0

0
0

0
0

%

0
0

0

0
0

0
0

0
0

0



Table 6.2.2.3

Bioassay Analyses

PERSONNEL OF OTHER ORGANIZATIONS

1979-1980

B-emitters (2)

Tritium (3)

Iodine (4)

y-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

DECEMBER

TOTAL

0
0

0
0

0
0

31t
31

5
5

0
0

0
0

5
0

Positive

dumber

-

-

_

0
0

-

0

0

(1)

%

-

-

-

0

-

0

0

JANUARY

TOTAL
Positive

Number

NO SAMPLES

RECEIVED

IN

JANUARY

: (1)

%

FEBRUARY

TOTAL

0
0

5
5

0
0

0
0

0
0

0
0

0
0

5
0

Positive

dumber

-

0
0

_

-

-

-

0

(1)

%

-

0

• _

-

-

-

-

0

TOTALS

TOTAL

0
0

5
5

0
0

31
31

5
5

0
0

0
0

10
0

Positive (1)

Number

-

0
0

_

-

0
0

_

-

0

%

-

0

_

-

0

_

-

0

—I
-E-

Naz tests omitted from earlier reports



Table 6.2.2.4

ENVIRONMENTAL AND PROCESS SAMPLE ANALYSES

1979-1980

AECL

Tritium
a-emitting actinides
6-emitters
y-emitters

OTHER ORGANIZATIONS

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

TOTALS

DECEMBER

469
0
0
0

0
0
0
0
0

469

JANUARY

483
0
0
0

0
0
0
0
0

483

FEBRUARY

469
0
0
0

0
0
0
0
0

469

TOTAL

1421
0
0
0

0
0
0
0
0

1421



Table 6.2.2.5

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1980 January 01 - March 31

BRANCH

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

TOTALS

% of Persons

0-49
mrem

44
29
23
9
24
22
1
0
8
6
0

166

56.3

50-99
mrem

12
38
0
9
14
5
1
0
1
0 .
0

80

27.1

100-199
mrem

4
22
0
10
3
0
0
0
0
0
1

40

13.6

NUMBER

200-299
mrem

0
1
0
6
0
0
0
0
0
0
1

8

2.7

OF TESTED

300-399
mrem

0
1
0
0
0
0
0
0
0
0
0

1

0.3

PERSONS IN GIVEN DOSE RANGES

400-499
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

500-599
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

1-3
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

3-5
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Above
5 rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Tested
Persons

60
91
23
34
41
27
2
0
9
6
2

295

Total
mrem

2117
7138
112
3740
1964
748
91
0

107
13
423

16453

100

MOTES TO TABLE ABOVE

(71 VoiZi axz e.itimatzd faom tfutlum conczntnationA In uninz ofi -individuals who have, iubmittzd one. on mone. iamplzi,
and io fizptiziznt tz&tzd peA&onneJL only.

(2) The. method o<J do&z z&timxtion ii> dz&mib&d in AECL-5507.

(3) The. numbeMj, in thz lcu,t column axt thoiz that actually nz&ult lnom thz mzthod o{± doiz calculation*, and axz not
•intzndzd to izpiziznt a nwtnbzA o& iignlfiicant fii



Table 6.3.1

IN VIVO MONITORING

1979 December - 1980 February

Environmental Research
Fire Department
General Chemistry
Material Science
NSSP
Math and Computation
Reactor Control
Electronic Systems
Instrument Development
Fuel Materials
Quality Control
System Materials
NRX
NRU
Chemical Operations
Reactor Loops
E.I.& F.
Mechanical Services
Outside Organizations
Retirements &
Terminations

Whole Body Monitoring

Number*

1
2
1
1
3
2
11
20
16
15
5 •
3
33
87
2
2
2

12
21

No. Positive1^

6
12
2

Lung Monitoring

Number*

2

10

No. Positive

3

Other Monitoring

Number* No. Positive

Clothing Monitoring

Slumber*

25
84

No. Positive

21
50

MOTES:

* NumbeA - UumbeA o& pwplz monitofizd In pojtiod.
1) Gn&ateA than 10 nClf o^ i&otopeA emitting gamma luatji above. 100 feel/.
2) Any mzaiufutbte. amount o& alpha emitting -L&otopei.
3) Any fiziulti that indicate a minon. on gftzateA contamination [i.z. > 10 ndi

t 1 Ci = 37 GBq

5I , etc).
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6.4 RADIOCHEMICAL ANALYSIS

6.4.1 Nlckel-63

A method has been developed that estimates Ni-63 in urine.
The sample is wet ashed after adding 5 to 10 mg nickel carrier.
The interfering phosphates are removed by a coprecipitation with
ferric acetate. The nickel is recovered by a dimethylglyoxime
precipitation and estimated by liquid scintillation counting. The
effect of carrier weight and the pH of the precipitation steps have
been studied. A paper describing the method is in preparation.

6.4.2 Fission Product Analysis

A method has been developed that can be used to sequentially
separate strontium, yttrium, promethium and cerium. Each element
can be specifically stripped from or left in the solvent HDEHP
(di-2-ethylhexyl phosphoric acid) depending on pH conditions. The
method has been shown to work satisfactorily except that minor
amount , of cross-contamination persist. Work is continuing on
procedures that may eliminate this probleir.

6.5 METABOLIC MODELS AND INTERNAL DOSIMETRY

6.5.1 Committed Dose Equivalents for Critical Organs

At the request of J. Palmer (CRNL) and R. Pollack (WNRE), doses
integrated to 50 years to organs following an intake of radio-
activity have been calculated with the aid of the formula

D50 = 51.2 Q50 e/m

These organ doses were compared to the annual limits on organ
doses specified in Schedule II of the Atomic Energy Control Regulations.
A table containing the name of the organ whose D50 was the largest
fraction of its limit (the "critical" organ) and its D50 value, for
adults and infants, was prepared and circulated to interested people.
The values of Q50 and m were taken from AECL-6540, and the values
of e are from NUREG-0172 (Hoenes and Soldat, 1977). These values of
c contain a quality factor of 10 for alpha activity and a distribution
factor of 5 for radionuclides in bone.

6.5.2 Alkaline Earth Modelling

The parameters of differential equations describing alkaline earth
metabolism (calcium, strontium, barium and radium) in adult man have
been optimized using the computer program F0RSIMOPT (AECL-6842) by
comparing the results obtained with the differential equations to the
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results given in ICRP Publication 20 (Alkaline Earth Metabolism in
Adult Man). The first set of differential equations used in the
optimization routine were based on the postulates of ICRP Publication
20, and gave a reasonable fit to the ICRP data except for the
compartment labeled "soft tissue" where the differential equations
gave smaller values than the ICRP results. On reviewing the data we
found that the ICRP results always overestimated the amount of
material in the soft tissue compartment compared to experimentally
determined values. In fact, if we allowed the optimization to
ignore the difference between the differential equation results and
the ICRP results for the soft tissue, we get a better agreement with
the experimental results.

Solutions to these equations contain "power" functions, which
require time varying parameters in the differential equations that
govern the retention in mineral bone. These time varying parameters
cause difficulties in obtaining solutions to the equations for any
intake of alkaline earth elements other than an injection. Since one
of the objects of describing alkaline earth metabolism with
differential equations was to be able to calculate organ burdens and
excretion rates for any exposure pattern we rejected ICRP postulate VI,
which specified that power functions are to be used to describe part
of the retention in mineral bone, and substituted an extra compartment
in both compact and cancellous bone to represent "old" bone. The new
set of differential equations gave a better fit to the ICRP results
(except again for the soft tissue) than did those containing the
time varying parameters, and these equations have now been
implemented in our dosimetry programs. A paper describing this work,
and the results, in detail is being prepared.

6.6 PAPERS, REPORTS, ORAL PRESENTATIONS

6.6.1 Presented Papers

Johnson, J.R. - Internal Dosimetry at CRNL. Seminar presented to
the Division of Nuclear Medicine and Institute of Chemical Physics,
University of Western Ontario, London, Ontario, 1980 January 17.

Johnson, J.R. - Health Sciences and Biomedical Research at CRNL.
Seminar presented to the Inhalation Toxicology Research Institute,
Alburquerque, New Mexico, 1980 March 03.

Myers, D.K., J.R. Johnson and A.M. Marko - Hazards of Radon Daughters
to the General Public. International Radiation Protection
Association, 5th International Congress, 1980 March 09-14.

Myers, D.K. and J.R. Johnson - The Candu System as a Source of Energy.
15th Annual Post Graduate Review in Family Medicine, Faculty of
Medicine, University of British Columbia, Vancouver, 1980 March 13-14.
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6.6.2 Reports

Johnson, J.R. - "Annual Limits on Intake, Organ Burdens, and Excretion
Rates for Occupational Exposure to Uranium". Atomic Energy of Canada
Limited, Report AECL-6478 (1980).

6.6.3 Informal Lectures

Johnson, J.R. - "Metabolic Models and Hazards from Uranium". Federal-
Provincial Working Group on Bioassay and In-Vivo Monitoring Criteria,
1980 January 23 and AECB Staff, 1980 January 24.

Johnson, J.R. - Forum on Health Sciences, Science Teachers' Seminar,
CRNL, 1980 March 27-29.
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MEDICAL BRANCH

by

D.W.S. Evans

7.1 STAFF

7.2 CLINIC PROCEDURES

7.2.1 Occupational Accident and Illness

7.2.2 Non-Occupational Accident and Illness

7.3 CLINIC VISITS BY WORK CATEGORIES

7.4 BREAKDOWN BY INTERNATIONAL CODE

7.5 MEDICAL EXAMINATIONS

7.6 NON-OCCUPATIONAL ABSENTEEISM

7.7 LABORATORY PROCEDURES

7.7.1 X-Ray Department

7.7.2 Haematology

7.7.3 Urine

7.8 TOTAL HOSPITAL PROCEDURES
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7.1 STAFF

Branch Head

Secretary

Professional

Nurses

D.W.S. Evans

V.A. Schizkoske

W.J.D. Cooke

A. Kinloch
J. Williams

Medical Technicians M. Plattner
J. Shaw

Lab Attendant L. Gutzeit

7.2 CLINIC PROCEDURES

7.2.1 Occupational Accident and Illness

AECL
Male

Female

Others
Male

Female

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

Non-Occupational Accident

AECL
Male

Female

Others
Male

Female

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits

Dec.

27
28
55

1
1

—

—

and Illness

260
154
414

20
25
45

2

~2

—

Jan.

42
12
54

1

—

2
1
3

405
189
594

40
43
83

2

~2

1
2
3

Feb.

18
17
35

CM 
1 JCM

3

~3

—

348
183
531

46
31
77

18
5
23

7

1

Total

144

4

3

3

1539

205

27

10

Grand
Total

154

1781

1935
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7.3 CLINIC VISITS BY WORK CATEGORIES

AECL
Chalk River Env. Auth.

Tech. Info. & Univ. Rel.
Administration

Finance

Commercial Operations

Operations
General Services
Maintenance & Construction
Plant Design

Health Sciences

Chemistry & Materials

Physics

Applied Research & Dev't.

Dec.
Staff

—

33

23

1

86

P.R.

—

12

4

—

236

Jan.
Staff

—

52

33

—

106

P.R.

—

25

9

—

324

Feb,
Staff

1

41

25

—

99

P.R.

41

7

—

278

Total

1

204

101

1

1129

24

16

20

59
62

—

—

—

252

19

20

33

111
374

—

—

—

358

35

13

21

84
319

——

—

—

326

78
49

74

254
1891

Others
Crawley & McCracken, 3
Attached Staff, etc.

7.4 BREAKDOWN BY INTERNATIONAL CODE

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

nutritional diseases
Diseases of the blood and blood-forming

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

33

Dec. Jan. Feb.

44
1935

Grand
Total

2
-
74

5
38
30
114
6
22

7

40
21

73
4
22
17

1
1

112

•1

41
42
117
14
21

11

52
29

167
11
47
21

1
3
99

24
63
193
11
17

7

32
23

119
17
24
11

4
4

285

6
103
135
424
31
60

25

124
73

359
32
93
49

1807



7.- BREAKDOWN BY INTERNATIONAL CODE (continued)

7.5

7.6

Dec. Jan. Feb.

Total brought forward

Superficial injuries, contusions, abrasions
Foreign body and other eye injury
Burns
Effects of poisons, weather and related

conditions
All other accidents and violence
Radioactive contamination with a wound
Radioactive contamination without a wound

MEDICAL EXAMINATIONS

Dec. Jan. Feb.

AECL
Male

Female

Others
Male

Female

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

6
—
~6

1
1
2

3
—
~3

—

—

11
9

20~

7
2
9

2
1
3

2

~2

4
—

3
—

2
2

1

~1

Total

30

14

NON-OCCUPATIONAL ABSENTEEISM

Dec. Jan. Feb.
Male Female Male Female Male Female

Chalk River Env. Auth. —

Tech. Info. & Univ. Rel.22
Administration

Finance

Commercial Ops.

Operations
General Services
Maint. & Const.
Plant Design

Health Sciences

114 284

2774 574

175s 8 40*5 10
328Js 112% 4214 159

424

387

Grand
Total

1807

30
1
12
1

9

—

53

55
5
4
3

11

1
79

35
4
11
2

4

~56

120
10
27
6

24

1
1995

Grand
Total

55

Total

1

20

394

—

3204

4
264

40

—

82

94

334

5

2964

64
14

50

1

84

8

1004

203

6

1128

168

1314
1577
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7.6 NON-OCCUPATIONAL ABSENTEEISM (continued)

Dec. Jan. Feb.
Male Female Male Female Male Female Total

Chemistry

Physics

App. Res.

&

&

Mat.

Dev't.

454
70

1564
272

5

16

31
52

Total brought

58%

74^

2044
3374

174
14

58
894

forward

52

744
2294
356

114

214

47
80

1577

190

2704

7264
2764

7.7 LABORATORY PROCEDURES

7.7.1 X-Ray Department

AECL
Male

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

7.7.2 Haematology

AECL
Male

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

Dec. Jan. Feb.

19
24
43

2
1
3

1
—

::

__

23
45
68

3
7

10

1
1

1
1

6
38
44

3
3
6

__

—
—

__

117
125
242

14
18
32

149
156
305

18
21
39

142
148
290

41
43
84

Total

155

19

837

155

Grand
Total

177

992

1169
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7.7 LABORATORY PROCEDURES (continued)

Total brought forward

Grand
Total

1169

7.7.3 Urine

AECL
Male

Female

Others
Male

Routine
Special

Rout ine
Special

Routine
Special

Dec.

Ill
6

117

13
—
13

Jan.

143
5

148

16
5
21

Feb.

139
3

142

34
3

37

Total

407

71

Female Routine
Special

7.8 TOTAL HOSPITAL PROCEDURES

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

478
1647

979
451
11
13
48
24
6

1532

1367
593
34
60
91
83
27

2255

1291
603
10
12
96
112
29

2153

3637
1647
55
85
235
219
62

5940
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