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1. HEALTH SCIENCES DIVISION SUMMARY

A.M. Marko

Health Physics

Further calculations of absorbed doses and dose equivalents
at various depths in a cylindrical tissue equivalent phantom by
monoenergetic neutrons and calculations of quality factors for mono-
energetic neutrons in tissue have been extended to neutron energies up
to 14.7 MeV. These values of quality factors have been applied to the
calculated spectrum of neutrons near the surface of a phantom irrad-
iated by monoenergetic neutrons of various energies to yield effective
quality factors.

The proportional counter neutron spectrometer has been tested
with 2.5 MeV neutrons and changes made in the counting circuits to
minimize electronic noise effects which were increasing the dead-time
of the system. Measurements of the absolute fluence of 2.5 MeV
neutrons are now in agreement with estimates derived from activation
measurements. Further measurements with 100-600 keV neutrons are in
progress.

The resolution of an experimental 3He proportional counter
has been measured with thermal and 2.5 MeV neutrons. The performance
(~5%) shows that such a counter will be adequate for use in the neutron
energy range from 100 keV to 3 MeV.

Irradiations of resting human lymphocytes with low doses of
6^Co gamma rays and 14.6 MeV neutrons show a lower initial
incidence of DNA strand breaks (34%) produced by neutrons than by gamma
radiation. After 20 minute incubation following irradiation the
residual number of strand breaks was very similar for both radiations.

Further measurements carried out on a second batch of
MgB4O7:Dy TLD material show significant differences in several
characteristics between the two batches. The second batch of material
shows a two-fold increase in sensitivity and less fading of signal
after storage for two weeks at 30°C. There are also noticeable
mechanical differences between the two batches, the second appears to
have been pelletized from a finer grade of powder and the dosimeters
show a greater susceptibility to abrasion in normal handling.

Tests are in progress on the relative thermal neutron sensi-
tivities of various commonly used types of TLD phosphor in typical
working locations in the NRX and NRU buildings. Phosphors containing
natural Li and B are excessively sensitive to neutrons but unrestricted
use of isotopically modified materials can be very expensive. The
objective is to determine an optimum combination of phosphors for a
two-element dosimeter which will be adequate for routine monitoring.



Construction of the installed HT/HTO monitor based upon
permeable membranes is proceeding according to schedule. The
contribution of 41AT to the apparent HT count rate following
permeation through Nafion membranes has been measured and found to be
an order of magnitude less than the contribution from HT and an order
of magnitude greater than the contribution from 133

Circuits for a wide range particulate activity monitor in
which the detector is a thin layer of plastic scintillator are under
development. The upper limit of counting rate for reliable operation
is of interest and this parameter will affect the selection of filter
changes in operations.

Environmental Research

Laboratory studies on soil columns contaminated with radio-
active cesium have demonstrated the release of a small portion of the
cesium present on the column on filterable particles. The generation
of these particles has been shown to be affected by bacteria present on
the column. Sterilization of the column with radiation or by
antibiotics causes a marked reduction in the release of cesium.
Reinfection of the column with natural groundwater results in a return
to the former release rate.

Meteorological measurements required to estimate lake
evaporation by the energy budget method are being carried out at Perch,
Upper Bass and Maskinonge Lakes. Sunshine, solar and net radiation
data are being analyzed to seek empirical relationships between
radiation inputs and sunshine hours or cloud cover, since existing
equations are not necessarily generally applicable.

In general, attempts to improve the performance of the
accelerator determination of small amounts of 14c have proved
disappointing. Sample preparation of pyrolytic graphite has given
inconsistent results, and attempts to lower the 14c background
count in the accelerator have not been successful. Work on both
problems is continuing.

With the acquisition of the rotary drill, it has been
possible to gain much more information on the basic hydrology of the
waste management areas. Almost without exception, the stratigraphy has
been found to be complicated, and often unexpected. This makes the
prediction of future movement of wastes more difficult.

Work on the bioavailability of 60co present in ground-
water, using a double tracer technique, has indicated that the
complexed 60co present is less available to plants than added free
cobalt. A difference in bioavailability was expected since previous
work indicated that the ^Co complex was inert to metal exchange.
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A liquid scintillation method has been successfully used to
measure radon-222 in bedrock groundwater. Initial measurements near
Maskinonge Lake, CRNL show a great variation in radon content at
different depths indicating that the method may be a useful tool in
identifying the origin of groundwater.

Radiation Biology

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

During the past quarter, research activities have been
concerned mainly with effects of radiation and tumor promoters on the
DNA in blood lymphocytes, a new method of preparing plasmid DNA,
relation of oxygen and various free radicals to radiation-induced
lethality and genetic changes in yeast, the functions of different DNA
repair systems in yeast, induction of DNA damage by ultraviolet light,
relationship of radiation sensitivity to hereditary deficiencies in DNA
repair systems in cultured human cells, relative biological effective-
ness of tritium beta-radiation for induction of breast cancer in rats
and the follow-up of past CRNL employees.

Biomedical Research

The radiochemical separations used by the bioassay laboratory
continue to be documented, tested and developed. Recent tests have
shown the gross-alpha and gross-beta screening methods to be less
quantitative than was previously thought. The results do indicate,
however, that these methods are still capable of performing the
required task of screening satisfactorily.

The metabolic studies of the branch are continuing to expand.
In addition to the completed metal ion-amino acid review and the
long-term retention study of technetium, a study has begun on the
long-term retention of carbon in tissues and bone.

The models for alkaline earth metabolism in adults and iodine
metabolism have been extended to include ages from birth to adulthood
and the fetus, respectively.
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2. HEALTH PHYSICS BRANCH

by

G. Cowper

2.1 Staff

2.2 Fast Neutron Dosimetry

2.2.1 Doses and Dose Equivalents Produced in a
Tissue Phantom by Monoenergetic Neutrons

2.2.2 Calculation of Quality Factors for Mono-
energetic Neutrons

2.2.3 Spectral and Dosimetric Characteristics of
the NBS Moderated-Neutron Calibration
Facility

2.2.4 Continuing Development on the Proportional
Counter Neutron Spectrometer

2.2.5 Neutron Spectrometry using a 3He
Proportional Counter

2.2.6 Rapid Rejoining of DNA Strand Breaks in
Resting Human Lymphocytes after Irradiation
by Low Doses of Co Gamma Rays or It.6
MeV Neutrons

2.3 Thermoluminescence Dosimetry

2.3.1 Automatic TLD Reader AEP-5256B

2.3.2 Cleaning and Recalibration of the Personnel
TL Dosimeters

2.3.3 Evaluation of MgBi»07:Dy TLDs

2.3.4 Results from Exposures of CRNL TLDs at
ORNL DOSAR Facility

2.3.5 Program for TLD Plaque Data on Punched
Paper Tape

2.3.6 Intercomparison of 60Co Standard Source
with NRC

2.3.7 Tests on Thermal Neutron Sensitivity on
Various Types of TLD Phosphors

2.3.8 Miscellaneous TLD Services Provided

2.4 Beta Radiation Dosimetry
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2.5 Tritium Monitoring

2.5.1 Portable Tritium Monitor AEP-5321

2.5.2 Applications of Plastic Membranes to
Tritium Monitoring

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

2.5.4 HTO Absorption on Metal Surfaces

2.6 Wide-Range Particulate Monitor

2.7 Radiation Instrument Developments

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

2.7.2 Monitor for Airborne ^-Emitting Particulates
AEP-5331

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

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

2.8 Radiation Dose Monitoring

2.8.1 Radiation Dose Record-keeping

2.8.2 Body Radiation Doses

2.8.3 Hand Radiation Doses

2.9 Reports, Publications, and Lectures
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2.1 STAFF

Branch Head G. Cowper
Secretary N.L. Hayward

W.G. Cross Assistants: A. Arneja
H. Ing P.J. Bunge

N.O. Freedroan

A.R. Jones Assistants: A.H. Ohno
W.F. Richter

R.V. Osborne Assistants: M. Wood(l)
R.G.C. McElroy R. Surette

R.M. Holford Assistant: L.W. Shankland

Draftsmen B.A. MacDonald(2)
J.H. Sneddon(2)

Personnel Monitoring R.M. Rondeau
J.M. Vincent

(1) Michael Wood joined Health Physics Branch June 1, 1981.

(2) On loan from Drawing Office

Waterloo Student

R.F. Houtman terminated April 29, 1981. Supervisor: R.G.C.
McElroy.

Summer Students

L. Langlais, Local Summer Student arrived April 27, 1981.
Supervisor: A.R. Jones
J. Gray, Local Summer Student arrived June 22, 1981.
Supervisor: R.M. Rondeau
J. Mainville, National Summer Student arrived April 28, 1981
Supervisor: W.G. Cross
S. Luck, National Summer Student arrived April 27, 1981.
Supervisors: R.G.C. McElroy/R.V. Osborne
P. Timbrell, National Summer Student arrived May 4, 1981.
Supervisors: R.M. Holford/A.R. Jones
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2.2 FAST NEUTRON DOSIMETRY

2.2.1 Doses and Dose Equivalents Produced in a Tissue
Phantom by Monoenergetic Neutrons
W.G. Cross and H. Ing

Monte Carlo calculations of doses and DE's
produced in a cylindrical phantom by monoenergetic
neutrons were described in PR-HS-7. These
calculations are continuing. Fluence spectra have
now been calculated at distances of 5 and 7 cm below
the surface, in addition to the depths (0, 1 and
3 cm) for which values were obtained previously.
Doses at 23 energies, from thermal to 14.7 MeV,
have been combined with effective quality factors,
described in the next section, to give dose
equivalents per unit fluence. The results are in
reasonable agreement with those recommended by the
ICRP(l) except between 1 and 3 MeV where our results
are about 20% lower. At energies between 10 keV
and 1 Me.V, our results show that the method of
interpolation between widely spaced energies used
by the ICRP is essentially correct, whereas that
recommended by the NCRP(2) is not.

2.2.2 Calculation of Quality Factors for Monoenergetic
Neutrons
W.G. Cross and H. Ing

The calculation of Q(E n), the quality factor
for first collisions of monoenergetic neutrons in
tissue, was described in PR-HS-7 for energies up
to 6 MeV. A number of minor improvements have
been made to these results and the calculations
have now been extended to 14-. 7 MeV. The value of
Q(En) is derived from the energy spectra of
elastic recoils, inelastic 12C and 160 recoils
and alpha particles from (n,a) reactions in
12C and 160 and from the 12C(n,n')3a reaction.
Between 10 eV and 200 eV the results differ (3)
substantially from those of Borak and Stinchcomb
An analytical fit to the values of Q(En) has been
obtained, to facilitate the folding of this
quantity with fluence spectra and kerma factors

(1) ICRP, Publication 21, 1973.
(2) NCRP, Report No. 38, 1971.
(3) T.B. Borak and T.G. Stinchcomb, Health Phys. 38, 85 (1980).
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to obtain dose equivalents.

These values of Q(En) have been combined with
calculated neutron spectra near the surface of a
human phantom irradiated with monoenergetic neutrons
having energies between thermal and 14.7 MeV. The
resulting effective quality factors have been
compared with those derived from the results of
Jones, Snyder and Auxier- (JSA)(1). While there is
agreement over most of the energy rang , our values
are higher between 1 keV and 200 keV, . up to 35%.
This difference can be accounted for qi .ntitatively
by the different values of low-energy proton stopping
power assumed in the two calculations. In the
energy region between 10 and 15 MeV, our results show
that the quality factor increases, as found by JSA,
but contrary to the behaviour assumed by the ICRp(2)
in this region.

2.2.3 Spectral and Dosimetric Characteristics of the NBS
Moderated-Neutron Calibration Facility
H. Ing and W.G. Cross .

Calculations (mentioned in PR-HS-7) for the
new moderated-neutron calibration facility at the US
National Bureau of Standards (NBS) have been completed.
The facility consists of a spherical, steel shell
(15 cm in radius) containing D2O and axial steel
tubes which hold a 252Cf source at the centre of the
assembly.

The calculations cover the effect on the leakage
spectrum of (1) source spectrum, (2) source size,
(3) the steel shell containing the moderator, (4) new
nuclear data files (ENDF/B V) and (5) the tubes
holding the source. It was found that the effect
on the leakage spectrum caused by these factors
was not very large and that the dosimetric quantities,
(e.g., average cross sections for various detectors,
average dose equivalent per unit fluence, etc.) varied
by less than 12% from values obtained* for a point
fission source at the centre of a pure D2O medium
of the same radius. The source holder tubes, which
destroy spherical symmetry, cause spectral dis-

(1) T.D. Jones, W.S. Snyder and J.A. Auxier, Health Phys. 21,
253 (1971).

(2) ICRP, Publication 21, 1973.
* H. Ing and W.G. Cross, "Calculated Spectra for the Dosimetry of

D20-Moderated Neutrons", Health Phys. 32 (1977) p.351.
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crepancies only in the direction close to that
where the tubes emerge from the spherical casing.
The spectral and fluence changes with distance
were found to be large for short distances from the
surface of rhe sphere. This results in thp dose
rate decreasing very rapidly with distance near
the sphere and only following the inverse square
law for distances greater than about 15 cm. Thus,
calibration of instruments should be made at
distances greater than 15 cm to avoid complex
field variations over the size of the instruments.

For a 252Cf source emitting 109 n-s"1, the
calculated neutron dose equivalent rate 15 cm from
the NBS calibration facility, excluding thermal
neutrons, is 2.5 rem-h"1. The average quality
factor for these neutrons is 10.2 and their average
energy is 0.55 MeV. To assist the interpretation
of data from measurements made with this calibration
facility, average cross sections for many common
activation and damage-track detectors have been
evaluated.

2 . 2.t Continuing Development on the Proportional Counter
Neutron Spectrometer
H. Ing, W.G. Cross and P.J. Bunge

The modified proportional counter spectrometry
system using the new router and multi-channel
analyzer (PR-HS-7) has been tested with 2.5-MeV
neutrons produced by the Health Physics Neutron
Generator, These tests showed that the electronic
circuit which routes signals from the counters
to different segments of the pulse height analyzer
was set incorrectly and was frequently triggered
by the inherent noise of the counters leading to
significant dead-time in the system. Changes
have been made to the circuit to increase its
energy threshold. Measurements of absolute fluence
of 2.5 MeV neutrons made with the spectrometry
system are now in good agreement with values
obtained with activation and damage track detectors
utilizing the u5In(n,n')115inIn reaction and Th
radiators respectively. Arrangements have been
made for further measurements using monoenergetic
neutrons from 100 keV to 600 keV produced by the
Van de Graaff accelerator in the Solid State
Science Branch.
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Development of the Z-80 microcomputer for
unfolding the spectral data (independently of the
CRNL Central Computer) is continuing. A floppy
disc and associated controller have been wired
to the microcomputer. The disc is required to
provide the necessary storage for the running of
FORTRAN unfolding programs.

2.2.5 Neutron Spectrometry using a 3He Proportional
Counter
H. Ing and W.G. Cross

The validity of neutron spectral measurements
made using hydrogen-recoil counters if often
difficult to assess because of possible errors
associated with the electronic system, response
functions or mathematical manipulations in the
unfolding of spectra. It is therefore desirable
to have a completely independent method of
confirming the measured spectrum.

Therefore, measurements have begun with a
3He proportional counter (HP6#6) made by the
CRNL counter group which contains 4-00 kPa 3H,
50 kPa C02 and 80 kPa Kr. The resolution was
found to be 6% for thermal neutrons and H% for
2.5 MeV neutrons. These values are adequate for
spectral measurements over the energy range
100 keV to 3 MeV - roughly the same range as
covered by the hydrogen-recoil counters - which
5.s important for personal neutron dosimetry.
However, calculations of response functions
(needed for unfolding) must be made before
this counter can be used for the measurement
of continuous spectra.

2.2.6 Rapid Rejoining of DNA Strand Breaks in Resting
Human Lymphocytes after Irradiation by Low Doses
of 6QCo Gamma Rays or 1M-.6 MeV Neutrons
W.G. Cross, in collaboration with R,S. McWilliams
and H.C. Birnboim, Radiation Biology Branch and
J.G. Kaplan, University of Ottawa.

The production and repair of DNA strand breaks
have been studied in resting human lymphocytes
by means of a sensitive fluorometric technique.
Lymphocytes were isolated by conventional methods
and air-equilibrated suspensions were irradiated
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by low doses (< 2 Gy) of either B'Co y-^ays or
14.6 MeV neutrons at 0°C. The apparent yield of
initial strand breaks induced by neutrons was only
3t% of that induced by y-rays, in agreement with
the observations of other workers. Resting lymph-
ocytes were found to be as proficient as growing
cells in their ability to rejoin y.-induced strand
breaks at 37°C; rejoining followed biphasic kinetics,
with 70% of the breaks disappearing with a half-
time of 2.8 min. Although the initial number of
breaks induced by neutron irradiation was low,
after 20 min of incubation the residual number of
breaks was very similar for the two forms of
radiation.

2.3 THERMOLUMINESCENCE DOSIMETRY
A.R. Jones

2.3.1 Automatic TLD Reader AEP-5256B

The design of the machined parts has been
completed and the parts ordered. The design of
non-machined parts has begun. All purchased
components except the anvil temperature controller
have been received and tested. The work on the
manual continues. All work on the critical paths
towards the completion of the first reader (for WNRE)
by the end of January 1982 is on schedule.

Testing of the laboratory prototype continues.
One design fault identified during the testing was
the possibility of formation of a leakage path
between the photomultiplier cathode and ground by
condensation and this has been corrected,

2.3.2 Cleaning and Recalibration of the Personnel TL
Dosimeters

A summer program to clean the dosimeters and
generate a new set of calibration factors is in
progress. The objectives are,

- to remove accumulated dirt which can affect TLD
response at low and high exposures and also
affect the reader operation if it is transferred
to the light pipe or thermocouple,

- to correct any change in calibration brought about
by use or related to differences between the old
and new TLD reader systems whose optical systems
differ,
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- to develop a program which can be repeated each
summer to maintain adequate standards of personnel
dosimetry.

2.3.3 Evaluation of MgBnO7:Dy TLDs

A second batch of 200 TLDs has been received
from the manufacturer to permit more extensive
testing and to see if batch-to-batch variation
exists.

The second batch of TLDs appear to have been
pelletized from a finer powder resulting in a
smoother surface.

Two changes in performance were noted. The
first, which was welcome, was a two-fold average
increase in sensitivity. The second, which was
unwelcome, was less resistance to abrasion which
results in a transfer of the powder to the light
guide of the automatic TLD reader.

To overcome this problem some TLDs, mounted
on plaques have been covered with thin Teflon film,
which does not detectably increase the thermal
resistance. This appears to be a satisfactory
form of encapsulation and testing continues. This
method of encapsulation of the dosimeter also
covers the adhesive on the polymide backing tape
and prevents dirt sticking to the adhesive.

Fading is an important factor in TLDs used
for personnel dosimetry but the value cited in
the literature does not define the storage
temperature. To obtain a safe but realistic
measure of fading a storage temperature of 30°
was selected. Samples were drawn from both
batches since the above noted differences in the
two batches had already been found. The maximum
error (for an exposure at the beginning or end
of the 2-week dosimetry period) was calculated
as 12±2% for dosimeters from the first batch and
3±2% from the second. For lithium fluoride TLDs
mounted on the same plaques the corresponding fading
error is 2±3%. The fading error for the first
batch of MgBifO7:Dy TLDs is barely acceptable but
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that for the second is small compared with other
sources of error.

The difference in fading rates is supported
by a difference in the position of the glow peak.

In summary, it is clear that the dosimeters
from the two batches differ from one another in
several important aspects.

2.3.*+ Results from Exposures of CRNL TLDs at ORNL
DOSAR Facility

Values of the neutron and y-doses given to
phantom mounted TLDs exposed to the Health
Physics Research Reactor at Oak Ridge National
Laboratory have been received. The doses were
from a mixture of neutrons (mostly fast) and
a small component from y-rays. A comparison
of the given and measured doses gives the
following results.

Source

Bare reactor
+12 cm Lucite
+20 cm Concrete

'"'sensitized

Measured/Given Dose

Thick
TLD-100

(neutro

0.58
3.05
2.09

Thin
TLD-100

n + y-dos

0.58
2.60
1.96

Thick
TLD-100*

es)

0.27
I.«t4
1.06

Thin
TLD-700*

(y-dose only)

0.86
0.93
1.21

The two left-hand columns refer to the older
plaque (all TLD-100, unsensitized) used routinely
at CRNL and the two right-hand columns to the
newer one (TLD-100/TLD-700, sensitized) which is
now being introduced into service.

With the new TLD plaque the y-dose is estimated
with adequate accuracy and in the case of the
shielded reactor so is the neutron dose. Neither
is true of the old TLD plaque. Another important
difference, not brought out by the table, is that
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the presence of neutrons is clearly indicated by
the new TLD plaque but not the old because the
two elements in the new plaques use lithium of
different isotopic ratios.

2.3.5 Program for TLD Plaque Data on Punched Paper Tape

A program is being written to facilitate
analysis of experimental and quality control data
which is provided by the automatic TLD reader
in the form of punched tape. It corrects for
individual dosimeter sensitivity variations and
for variations in the light source. It also
provides a measure of ordering effects using
linear regression analysis and computes means
and standard deviation of corrected readings.

2.3.6 Intercomparison of 60Co Standard Source with NRC

A set of HO previously calibrated TLDs was
irradiated at NRC to 1R of 60Co y-rays and a
similar set was irradiated at CRNL on the same
day to 60Co y-rays from our personnel dosimetry
standard. The difference between the two sets
was found to be 7±2% and the irradiation times
at CRNL have been lengthened to correct this
discrepancy.

2.3.7 Tests on Thermal Neutron Sensitivity on Various
Types of TLD Phosphors

TLDs have been exposed to mixed y and thermal
neutron fluxes at 9 sites in the NRX and NRU
buildings accessible to workers during reactor
operation. At each site the following dosimeters
were exposed: LiF TLD 100, CaSOi,:Dy,
and MgBif07:Dy.

The CaSOi^tDy and LijBi^OyiCu dosimeters were
provided, and will be read, by New Brunswick Power
Commission. All the phosphors containing boron
are of natural boron. The. LiF dosimeters were
made from natural lithium, from 7Li or from pairs
containing the two forms of lithium.

The purpose of the test is to determine the
practical consequence, in the NRX/NRU environs,
of using phosphors which are very sensitive to
thermal neutrons. An important difference exists
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between lithium and boron phosphors. Whereas there
is little difference in cost between natural lithium
and 6Li depleted phosphors, boron phosphors depleted
in B are much more expensive than natural boron
phosphors.

The analysis of the results is not complete
but one thing is clear. Except at one site the
phosphors containing boron or natural lithium had
a substantially higher response than those made
from 7Li. However, in no case was the ratio of
responses over 10:1. The TLD plaque now being
brought into service at CRNL is a TLD-100/700
pair and its reading clearly indicated the presence
of neutrons at 3 of the sites.

2.3.8 Miscellaneous TLD Services Provided

An environmental monitoring service has been
provided to SENES Consultants similar to the one
operating for CRNL and the Radiochemical Company.

Measurements were carried out for the Radiation
Biology Branch.

2.4 BETA RADIATION DOSIMETRY
A.R. Jones

A set of B-ray standard sources (90Sr/90Y,
2OI>T1 and 1<t7Pm) calibrated at PTB (Federal
German Republic) have been received.

They have been applied to the measurement of
the response of the personnel TLDs referred to the
tissue dose at 70 ym depth. For comparison the
dosimeter response to 6oCo y~rays and uranium
(3-rays (tissue dose in contact with a semi-infinite
slab of uranium metal) was also measured. The
sensitivity of both the thick and thin TLDs in
the CRNL dosimeter was measured, since the 2-mm
aluminum shield over the thick TLD does not absorb
all of the 3-rays from 90Sr/9°Y and uranium.

2.5 TRITIUM MONITORING

2.5.1 Portable Tritium Monitor AEP-5321
R.V. Osborne and M. Wood

Ten of the prototype monitors have been
completed and units that meet our performance
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specifications are being sent out for evaluation
by staff at various operating nuclear power stations
and elsewhere at CRNL. Some units have not per-
formed satisfactorily in high relative humidity
conditions, .a defect attributable to water
adsorption on the ionization chamber insulators.
The hydrophobic coatings on the insulator surfaces
are being replaced.

A line-operated power supply and tritium level
alarm has been designed and built for use with the
portable monitor in laboratory or other fixed
applications.

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

The permeation of l*1Ar through Nafion into
liquid scintillator has been measured. However,
due to uncertainties in measuring the absolute
amount of ltlAr in both the air (sample) flow and
in the liquid scintillator (monitor) flow, the
absolute permeation rate was not determined.
Instead, the ratio of the count rate in the
tritium channel of the liquid scintillation
counter to the current in the ionization chamber
was measured and these results were then normal-
ized to the same ratio for HTO diffusing through
Nafion into a 1:10 water/liquid scintillator
mixture. This ratio is the relative contribution
of l*1Ar to the apparent tritium count rate
(measured by the liquid scintillation counter)
for equal ionization currents and is 2.6 x 10~6.
This is an order of magnitude less than the HT
contribution and an order of magnitude more than
the 133Xe contribution.

This completes this line of experimentation
for the time being. A report is being prepared.
Some further measurements may be necessary in
the future in support of a specific monitor design.

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

The construction of the AEP-5336 is
proceeding on schedule and is expected to be
available for evaluation in September 1981.
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The assembly of the two electrometers and
the control and display unit is now essentially
complete. Most of the electronics has, on an
individual circuit basis, been successfully tested.
Several minor difficulties have been resolved but
no major electronic problems have arisen.

No further testing has been performed on the
mechanical and flow systems of the monitor.

The various subassemblies are now ready for
assembly and testing as a complete system.

2.5.4 HTO Absorption on Metal Surfaces
R.G.C. McElroy and R.V. Osborne

A series of measurements to find the amount
of HTO absorbed on various metal surfaces following
exposure to tritiated water vapour has been
started. These measurements are important with
respect to the choice of metal surfaces in wide
dynamic range ion chambers.

2.6 WIDE-RANGE PARTICULATE MONITOR
R.M. Holford and.P. Timbrell

A radiation detector for particulate activity
is one of the components required in a comprehensive
monitoring system for exhaust air. A known fraction
of the air is passed through a particulate filter
viewed by a suitable radiation detector. Operation
over a wide range of activities is achieved by use
of a radiation detector based on a thin sheet of
plastic scintillator coupled to a photomultiplier
tube. The output of the photomultiplier consists
of electrical pulses which need to be processed by.
a discriminator circuit which defines the lowest
energy of interest for radiation events and rejects
noise pulses. The pulses can then be accumulated
in a sealer to determine the counting rate. These
operations are normally straight-forward, but in
this case the pulses from the photomultiplier tube
have a duration of only 2-3 ns and maintaining
comparable speed in the discrimination and scaling
circuits requires a new design based on emitter-
coupled logic circuits. A prototype has been
constructed based on an emitter-coupled line-
receiver (MC10216) used as an amplifier and dis-
criminator, and a dual flip-flop (MC10231) used
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as a divide-by-4- pre-scaler, It is designed on
a circular printed-circuit board which will be
attached directly to the photomultiplier tube
socket, in order to minimize stray capacitance
and inductance. Low-frequency testing has
established .that the unit functions as intended;
a determination of its effective pulse-resolving
time will require empirical tests using radiation
sources.

2.7 RADIATION INSTRUMENT DEVELOPMENTS
A.R. Jones

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

The engineering prototypes of both instruments
have been tested and a report describing them
is being prepared. The engineering drawings of
the Beta Dose Rate Meter are complete.

2.7.2 Monitor for Airborne g-Emitting Particulates
AEP-5331

The construction of the laboratory prototype
and microprocessor programming continues.

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

The preliminary mechanical design is complete
and an engineering prototype is being constructed.

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

A prototype is being built to be tested in
the plutonium laboratory, It is contained within
the same case as the former one and is electronically
interchangeable with it.

2.8 RADIATION DOSE MONITORING

2.8.1 Radiation Dose Record-Keeping
R.M. Holford

At the end of every fortnightly monitoring
period, there are always additional data to be
entered by hand. These include hand readings,
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results from temporary badges and mid-period read-
outs of regular badges, and corrections to the
data supplied by the automatic TLD readers. The
format specified for manual data entries is fairly
complex, being originally designed for use with
punched cards. A new interactive procedure has
therefore been written for use on a terminal
connected to the main CRNL computer to simplify
entry of this type of data. Similar data are also
produced fortnightly from items rejected by the
computer (usually because of failure to identify
the exposed individuals unambiguously). These
items are normally edited where necessary and
combined with the next periods manual updates
for re-submission, and the procedures from doing
this have also been revised to simplify routine
operation of the system.

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

In the fourteen-week period ending 26 June
1981 and in the calendar year to this date there
were the following distributions of radiation
exposure.

In this period there were eleven whole-body
radiation exposures exceeding the 600-mrem
two-weekly administrative control limit and one
skin exposure exceeding the 1600-mrem two-weekly
administrative control limit.
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CFNL- Whole-Body Dose

Dose Range

rem

.

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

416
2487
132
17

a
1
0
0

Total
Dose
Man-rem

0
162.13
87.05
19.07
0
2.19
0
0

89 mrem

, 103 mrem

••

Calendar Year

No. of
monitored
persons

383
2366
176
93
30
4
0
1

Tottu.
Dose
Man-rem'

0
202.50
127.65
111.90
49.08
9.04
Q
3.29

165 mrem

189 fflrem
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Radiochendcal Conpany - Whole-Body Dose

Dose Range
ran

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

102
263
1
0
0

Total
Dose
Man-rem

0
20.84
0.63
0
0

59 mrem

81 mrem

Calendar Year

No. of
monitored
persons

77
270
18
1
0

Total
Dose
Man-rem

0
31.02
12.12
1.35
0

122 inrem

154 mrem

Engineering Canpany - Whole-Body 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

313

0
0

Total
Dose
Man-rem

0
1.05
0
0

3.2 mrem

70 mrem

Calendar Year

No. of
monitored
persons

309
19
0
0

Total .
Dose
Man-rem

0
1.27
0
0

3.9 mrem

67 mrem
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CRNL - Skin Dose

Dose Range

ran

•

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored

persons

416
2477
136
19
^
2
1
0
0

Total
Dose
Man-ran

0
167.00
93.48
21.74
3.41
4.28
2.67
0
0

96 mrem

111 mrem

Calendar Year

No. of
monitored
persons

383
2345
173
100
42
6
3
1
0

Total
Dose
Man-ran

0
204.76
124.55
121.61
71.47
13.95
8.23
3.30
0

180 mran

205 mreai
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Radiochendcal Company - Skin Dose

Dose Range .
rem

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

102
258
5
1
&
0

Total
Dose
Man-rem

0
25.72
3.03
1.04
0
0

81 mrem

113 mrem

Calendar Year

No. of
monitored
persons

77
245
38
5
1
0

Total . . .
Dose
Man-rem

0
30.67
24.58
6.52
1.78
0

174 mrem

220 mran
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Engineering Oarpany - 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 Weeks

No. of
monitored
persons

313
14
0
0
1
0

total
Dose
Man~reni

0
1.20
0
0
1.88
0

9 UIL'GUI

205 mrem

Calendar Year

No. of
monitored
persons

309
18
0
0
1
0

total
Dose
Man-rem

0
1.47
0
0
1.88
0

10 mrem

177 mrem

•.
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2.8.3 Hand Radiation Doses
R.M. Rondeau and J.M. Vincent

In the fourteen-week period ending 26 June
1981 and in the calendar year to this date the
following distributions of extremity doses were
measured by finger-tip TLDs.

Dose Range

less
1.00
2.00
3.00
4.00
5.00
11.00

rem

than 0.99
- 1.99
- 2.99
- 3.99
- 4.99
- 5.99
- 11.99

CRNL
Calendar
Year

138
24
7
1
0
1
0

Fourteen
Weeks

112
15
5
1
0
0
0

Radiochemical Company
Calendar
Year

30
1
1
1
2
1

11.81

Fourteen
Weeks

22
2
0
0
1
0
0
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2.9 REPORTS, PUBLICATIONS AND LECTURES

G. Cowper, presentation to NCRP Symposium on the
Control of Exposure from Ionizing Radiation,
Reston, Virginia, April 27-29, 1981 on "Measures
for the Limitation of Radiation Exposure Following
a Peacetime Nuclear Accident".

W.G. Cross, presentation at Health Physics Society
Annual Meeting, Louisville, Kentucky, June 22-25,
1981 on "Doses and Dose Equivalents Produced in a
Tissue Phantom by Monoenergetic Neutrons".

W.G. Cross and H. Ing, presentation to 8th U.S.
Dept. of Energy Workshop on Personal Neutron
Dosimetry, Louisville, Kentucky, June 18-19,
1981 on "Calculations on Neutron Dosimetry at
the Chalk River Nuclear Laboratories".

W.G. Cross and H. Ing, presentation to 8th U.S.
Dept. of Energy Workshop on Personal Neutron
Dosimetry, Louisville, Kentucky, June 18-19,
1981 on "Spectral and Dosimetric Characteristics
of a Moderated-Neutron Calibration Facility".

R.V. Osborne, presentation at Canadian Radiation
Protection Association, Ottawa, May 5-6, 1981
on "Optimizing the Control of Effluents from
Nuclear Power Plants and of Uranium Mill Tailings".
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3. ENVIRONMENTAL RESEARCH BRANCH

by

I.L. Ophel

3.1 Staff
3.2 Beneficial Uses of Waste Heat

3.2.1 Aquaeulture of Freshwater Organisms
3.3 Radioecology of Molluscs

3.3.1 Contribution of Food to the Radionuclide Body
Burden in Freshwater Clams

3.4 Biogeochemistry of the Waste Management Area
3.4.1 Laboratory Column Studies on the Particulate

Transport of Radionuclides
3.4.2 Organics in Groundwater — Complexation Studies

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

3.6 Stack Argon Measurements
3.7 Meteorological Support of Hybrid-Heating Experiment
3.8 Assessment of Accidental Releases of Radioactivity to the

Atmosphere at CRNL
3.9 Co-Operation With Outside Organizations

3.9.1 Long-Range Atmospheric Transport of Contaminants
3.10 Snowmelt, Runoff and Evapotranspiration in a Forested

Catchment
3.11 Soil and Groundwater Studies

3.11.1 Transport of Radionuclides by Particulates
3.11.2 Co-Operation With Other Divisions
3.11.3 Tracer Studies

3.12 Contaminant Hydrogeochemistry
3.13 Radionuclide Transport in Fractured Rock
3.14 Accelerator Measurement of Carbon-14

3.14.1 Source Preparation
3.14.2 Accelerator Run of May 1981

3.15 Radon-222 in Bedrock Groundwater
3.16 Uranium-234/Uranium-238 Activity Ratios
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3.17 Environmental Impact Assessment
3.17.1 Environmental Assessment of CRNL Waste Management

Areas
3.17.1.1 chemical Fit Plume
3.17.1.2 Perch Lake Swamp Survey
3.17.1.3 Tracer Test Site
3.17.1.4 External Contracts

3.17.2 Groundwater-Contaminant Flux to Surface Waters and
Behaviour of Radionuclides in Surface Waters
3.17.2.1 General Objectives
3.17.2.2 Biodiscrimination of Radionuclides in

Aquatic Food Webs
3.17.2.3 Groundwater-Contaminant Flux to Surface

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

Environment
3.23.1 Speciation Studies of Radionuclides in Groundwater
3.23.2 Development of Methods for the Determination of

Actinide Concentrations in Environmental Samples
3.24 Studies of Radioactivity in Trees
3.25 Bioavailability of Species of Nuclides Present in Groundwater
3.26 Survey of Radioactivity in Small Mammals Living Near the

CRNL Waste Management Areas
3.27 Tritium Survey
3.28 Survey Summary
3.29 Publications
3.30 Verbal Presentations

3.30.1 Presented Papers
3.30.2 Lectures or Seminars
3.30.3 Local Talks

3.31 Invited Speakers

For figures see end of section.
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3.1 STAFF

3.1.1 Branch Head - I.L. Ophel

Environmental Chemistry and Meteorology

P.J. Barry Assistants: D.S. Hartwig
P.C. Jay
D.P. Wildsmith

A.G. Price Assistant: B.O. Bauer

Knvironmental Impact Assessment

P.J. Barry

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

D.R. Lee Assistant: S.J. Welch2

Natural Isotope Studies

R.M. Brown Assistant: W.J. Workman

Biochemistry and Microbial Radioecology

D.R. Champ Assistants: J.L. Young 3

P.A. Lapcevic

Radiochemistry and Erivironmental Monitoring

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

Contaminant Hydrogeochemistry
5 5

R.E. Jackson Assistant: K.J. Inch

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

2
Joined the Branch May 25.

University of 1
Arrived May 5.
University of Waterloo Applied Chemistry Co-op student.

A

Transferred from General Chemistry Branch, April 1.

Attached Staff from National Hydrology Research Insti-
tute, Environment Canada, Ottawa.
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3.1 STAFF (cont'd)

Biology and Aquatic Radioecology

J.W. McMahon Assistants: A.E. Docherty
S-Ri Gentner

I.L. Ophel Assistant: J.M. Judd

Hydrology and Trace Element Analysis

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

Assessment of Atmospheric Releases

E. Robertson Assistant: F.C. Brown

Secretarial

D.J. TerMarsch

3.1.2 Other Attached Staff

L.A. Barrie - Atmospheric Environment Service, Environ-
ment Canada, Downsview, Ontario. Working with P.J.
Barry. Carrying out co-operative experiments between
AECL and Atmospheric Environment Service in the CRNL
Experimental Area.

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

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

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

N.S. McLeod - Dept. of Earth Sciences, University of
Waterloo. Working on a Master's Thesis project with
D.R. Lee.

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

Joined the Branch May 11.
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3.1.2 Other Attached Staff (cont'd)

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

P.D. Reid - Dept. of Geography, University of Waterloo.
Working on a research contract between AECL and the
University with P.J. Barry. Terminated June 25.

3 . 1 . 3 Slimmer Students

1.6. Beauprie - Mackenzie High School, Deep River, work-
ing with D.R. Lee, reported for work June 16.

V.S. Corriveau - The University of Western Ontario, London,
working with J.W. McMahon, reported for work May 1.

A.F. Fuciarelli - University of Toronto, Toronto, working
with E.L. Cooper, reported for work May 4.

J.D. Gordon - Queen's University, Kingston, working with
D.R. Champ, reported for work May 5.

B.E. Harrison - Mackenzie High School, Deep River, working
with P.C. Jay, reported for work June 8.

E.M. Harrison - Mount Allison University, Sackville, New
Brunswick, working with D.R. Lee, reported for work May 4.

J.E. Hegney - The University of Western Ontario, London,
working with E. Robertson, reported for work May 5.

C M . Lamarche - Felldwes High School, Pembroke, working
with P.J. Barry, reported for work June 23.

F.A. Murray - Mackenzie High School, Deep River> working
with E.L. Cooper, reported for work June 1.

P.G. Seguin - University of Waterloo, Waterloo, working
with R.W.D. Killey, reported for work May 14.

L.G. Swanson - Queen's University, Kingston, working
with R.M. Brown, reported for work May 1.
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3.2 BENEFICIAL USES OF WASTE HEAT - J.W. McMahon and A.E.
Docherty

3.2.1 Aquaculture of Freshwater Organisms

Experiments designed to measure the effect of
nutrient enrichment and low-grade heat on the growth
rate of Scenedesmus basiliensis were continued. The
highest rates of growth have been obtained in Scenedesmus
cultures subjected to natural illumination, vigorous
agitation and a phosphate-nitrate nutrient enrichment
ten times the levels found in Maskinonge Lake. Recent
experiments involving supplemental illumination on a
24-hour basis of a Scenedesmus culture continuously
pumped through a shallow (10 cm) trough 2.5 m in length
indicate a slightly higher daily growth rate than that
previously attained. Studies on balanced nutrient levels
are continuing.

3.3 RADIOECOLOGY OF MOLLUSCS - J.W. McMahon, A.E. Docherty
and S-R. Gentner

3.3.1 Contribution of Food to the Radionuclide Body Burden
in Freshwater Clams

Feeding behaviour studies were continued on the
freshwater clam Elliptio complanatus. Under laboratory
conditions (20°C) clams (15 to 20 g wet weight) demon-
strate a filtering rate of approximately 1 L«h~l when
subjected to concentrations of 59Fe labelled Scenedesmus
ranging from 1 to 10 x 10 5 cells •mL""1. .

59"Starved" clams showed a higher Fe uptake with
time than those prefed on non-labelled algae for one-
half hour prior to the experiment.

The observed variability in filtering rates between
clams of similar wet weight is not presently understood.
Direct observation studies, using individual clams feed-
ing for five-minute intervals on the 59Fe labelled Scene-
desmus, showed considerable irregularity in both the rates
of uptake and loss of radioactive labelled cells.

Controlled feeding experiments, involving larger
numbers of clams, are currently being carried out in the
field. Such studies are expected to provide a better
understanding of the factors influencing feeding behaviour
in these freshwater clams.
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3.4 BIOGEOCHEMISTRY OF THE WASTE MANAGEMENT AREA

3.4.1 Laboratory Column Studies on the Particulate Transport
of Radionuclides. - D.R. Champ and W.F. M e m t t

Biogeochemical investigations on the particulate
transport of 1 3 4Cs in groundwater have continued. Anti-
biotic supplemented groundwater has been used to examine
further biologic involvement.

Laboratory columns that had been equilibrated,
spiked with 1^4QSf an(j eluted with groundwater to a
steady release of approximately 0.6 Bq-mL"!* (16 pCi'mL~l)
were eluted with groundwater supplemented with either
(a) 100 jig-mL""! chloramphenicol, 50 yg«mL-l penicillin G
and 50 yg.mL~l streptomycin sulfate which are antibacterial
agents or (b) 100 yg-mL-1 cycloheximide which is active
against yeasts. The antibacterial agents resulted in a
three- to four-fold decrease in the release of 134cs and
of particulates after continuous contact for approximately
1.2 hours, or the passage of one column volume of supple-
mented groundwater at a flow rate of 20 cm«d-l. The re-
lease rates for 134cs and particulates remained depressed
for approximately six days then slowly began to recover.
Full recovery of 134cs and particulate release was affected
within three column volumes by the reintroduction of
native, unsupplemented, groundwater. On the other hand,
cycloheximide supplementation did not alter, or only
slightly stimulated temporarily, the release of 134cs.
On this basis the particulate transport of 13^Cs on the
soil columns appears to be due specifically to the biolog-
ical activity of bacteria.

The elemental composition of the particulates has
been further examined, by W.N. Lennard of the Solid State
Science Branch, using proton-indue*d x-ray emission
techniques (PIXE). Particulates deposited on filter
papers were bombarded with a 1 MeV ^-H+ beam from the
2.5 MeV Van de Graaff accelerator and characteristic
x-rays were detected using a Gi(Li) detector. This data
supports the predominance of aluminum, silicon and iron
in the particles. Further analysis of this data is
currently underway.

. Ci = 37 GBq
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3.4.2 Organics in Groundwater — Complexation Studies - J.L.
Young, D.R. Champ and J.O. McHugh

Work with high performance liquid chromatography
(HPLC) exclusion columns continued. Analysis of 60co-
containing groundwater from below the seepage pits
indicated that most of the recovered 6°Co Was located
with the major fraction of organics, as determined by
its absorption at 254 nm. Ultrafiltration analysis of
the 60co-complex recovered from the HPLC column showed
no appreciable alteration with regard to the apparent
molecular weight of the complex, i.e. predominantly
greater than 500. The ^^Co-complex is apparently not
substantially altered during passage through the columns.

Reverse phase column chromatography using a pm
Bondapak Ci8 reverse phase column and water and water-
methanol gradients showed elution of the UV-absorbing
load material in the solvent front, with no significant
retention. The results on both 60co-plume material and
the organics in groundwater from uncontaminated areas
showed similar results. The results indicate that the
organics are hydrophilic polar molecules, in spite of
possessing no significant net charge.

In current studies we are examining ion-pairing
techniques for improved fractionation of groundwater
organics and specifically the 60co-organic complex.

3.5 PERCH LAKE PROJECT

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

Meteorological measurements required to estimate
lake evaporation by the energy budget method are again
being made at Perch Lake. Lake temperature profiles are
being measured regularly at Perch, Upper Bass and
Maskinonge Lakes. Wind speeds are measured at 1 m and
10 m heights near the centre of each lake.

Sunshine, solar and net radiation data are being
analyzed to seek empirical relationships between long-
and short-wave radiation inputs and sunshine hours or
cloud cover. Such equations are required when applying
the energy budget model to estimate evaporation from
lakes where all radiation inputs are not available.
Existing equations are not necessarily generally applicable.
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3.5.1 Energy Budget, Lake Evaporation and Hydrology (cont'd)

A lake temperature profile to a depth of 6 m is
being recorded continuously at one location at Maskinonge
Lake. Data will give valuable information concerning the
periods of seiches and thermocline tilt in response to
changing wind speed and direction.

Experiments to study lake mixing using dye as a
tracer are being carried out at Lower Bass Lake in cooper-
ation with the University of Waterloo. An anemometer to
measure the wind speed at 10 m near the lake centre is
being installed.

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

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

Anion analyses of surface, groundwater and precipi-
tation samples from Perch Lake and Upper and Lower Bass
Lake systems were continued. It was found that sulphate
concentrations decreased markedly from April 15 to June
in No. 4 and No. 5 inlets. This seems to substantiate
the theory that green plants and bacteria are utilizing
sulphates for metabolism thus causing a decrease in
sulphate concentration in groundwater during their growth
period.

3.5.3 Data Storage - D.P. Wildsmith

Perch Lake outlet and inlet stream flow data for
the period January 1 to 31, 1981 have been received from
the Water Survey of Canada, Environment Canada.

Precipitation data, maximum and minimum air tempera-
tures, soil temperatures and the outlet stage height are
recorded daily.

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

Periodic monitoring of the argon released from the
main stack continues. CO2 is introduced into the J-rod
annulus of NRU primarily to replace the moist air and
thus reduce the corrosion rate of the reactor vessel.
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3.6 STACK ARGON MEASUREMENTS (.cont'd)

A useful by-product is that the volume of air present
is greatly reduced, resulting in a much-reduced 41&r
release from the main reactor stack. The results ob-
tained to date for 1981 are given in Table 3.6.

41
Table 3.6. Measured Ar Releases from Main Reactor

Stack 1981

Sampling
Date

Jan. 15

Mar. 19

May 14

Time (EST)

08:18-08:22

08:16-08:21

08:30-08:33

41Ar
GBq-d"1

145.0 x 103

145.6 x 103

168.0 x 103

NRU
megawatts CO (%)

not operating

not operating
120 normal

NRX
megawatts

21.6

22.4

23

G B q - d " 1

•MW-1

6713

6498

1175

1 Ci = 37 GBq

3.7 METEOROLOGICAL SUPPORT OF HYBRID-HEATING EXPERIMENT - P.C.
jay, P.J. Barry and D.P. Wildsmith

Meteorological data .as been collected routinely
to mid-June.

3.8 ASSESSMENT OF ACCIDENTAL RELEASES OF RADIOACTIVITY TO
THE ATMOSPHERE AT CRNL - E. Robertson and F.C. Brown

It is proposed to erect the 65 m tower, which was
previously on the northwest shore of Perch Lake, on
the hill on the north shore of the lake. Aerovahes and
temperature sensors mounted on this tower will give data
required by models used to estimate dispersion of a
plume from the reactor stack. However, because the plant
is situated in the river valley, far below the reactor
stack, measurements made on this tower will not neces-
sarily characterize conditions on the plant site. In
the event of a radioactive release from a building vent,
meteorological measurements at building height will be
needed. Therefore a second meteorological tower is
planned for this level.
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3.8 ASSESSMENT OF ACCIDENTAL RELEASES OF RADIOACTIVITY TO
THE ATMOSPHERE AT CRNL (cont'd)

The Engineering Design Branch is presently working
on the problem of repairing and erecting the 65 m tower.

The aerovane on the high head tank, which has not
operated for the past year, was replaced May 27. How-
ever the equipment is still not working.

3.9 CO-OPERATION WITH OUTSIDE ORGANIZATIONS

3.9.1 Long-Range Atmospheric Transport of Contaminants - P.J.
Barry and D.P. Wildsmith

This project has been combined with that of the
National Working Group on Radioisotope Releases. At
its meeting in January 1981, the working group appointed
two task forces to report on (a) Modelling of Radioiso-
tope Dispersion in the Atmosphere and (b) Meteorological
Instrumentation for Nuclear Facilities of which P.J.
Barry is Chairman. Both task forces submitted their re-
port to the working group in June and the working group
is to meet to consider these in July.

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

3.10 SNOWMELT, RUNOFF AND EVAPOTRANSPIRATION IN A FORESTED
. CATCHMENT - A.G. Price

Nothing further to report.

3.11 SOIL AND GROUNDWATER STUDIES

3.11.1 Transport of Radionuclides by Particulates - W.F.
Merritt and D.R. Champ

This work is continuing. See Section 3.4.1 of
this report.

3.11.2 Co-Operation With Other Divisions - B.A. Risto

A series of soil samples were taken from holes
drilled through the floor of Bldg. 100, using hollow
stem augers with the rotary drill rig.
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3.11.3 Tracer Studies - W.F. Merritt and B.A. Risto

The investigation of the leaks in the NRX rod
bays has shown that the leakage pattern has been altered
by the epoxy injection but that some leaks still exist.

A new set of samplers were installed near the tank
at Bldg. 240. One sampler was set in the rock and grouted
in.

3.12 CONTAMINANT HYDROGEOCHEMISTRY - R.E. Jackson*

Nothing further to report.

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

Nothing further to report.

3.14 ACCELERATOR MEASUREMENT OF CARBON-14 - R.M. Brown and
W.J. Workman with H.R. Andrews, G.C. Ball, W.G. Davies,
and J.C.D. Milton of Nuclear Physics Branch and N. Burn
and Y. Imahori of NRX Reactor Branch (see Section 2.16,
PR-P-130, AECL-7048 for further details).

3.14.1 Source Preparation

Samples of 1 to 10 mg pyrolytic graphite on Ta
wires have been prepared by thermal decomposition of
C2H2 under a variety of pressure and temperature condi-
tions in an attempt to obtain more than the usual 30 to
40% yield, but without consistent success. The presence
of a trace of water vapour in the acetylene promoted the
graphite yield in some runs, but simply oxidized the Ta
in others. The synthesis of C2B-2 from CO2 on a small-
scale has been consistently good but the preparation of
Li2C2 directly from carbon or carbonate gives a low
yield probably due to sublimation of lithium out of the
hot reaction zone. A blanket of Ar will be used to
suppress this.

Samples of charcoal and bone of archaeological
interest were synthesized to elemental carbon for the
accelerator run reported below. Only residual protein
material from bones can be used to obtain reliable ages
because inorganic carbonates are subject to exchange

*R.E. Jackson is currently spending a study leave at
Stanford University, Stanford, California.
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3.14.1 Source Preparation (cont'd)

with more recent carbon of the atmospheric or soil
environment. The crushed bone was extracted with HC1
to remove carbonates and with alkali to remove humic
acids, the gelatinous residue dried, combusted to C02
and reduced to carbon with hot magnesium. Bone samples
of 0.5 to 3 g yielded 1 to 20 mg of carbon.

3.14.2 Accelerator Run of May 1981

The machine showed good stability in spite of a
breakdown of the automatic generating voltmeter updating
system part way through the run. The background (equiv-
alent to 40,000 a) was somewhat better than in the
previous run. An attempt to improve it by flushing the
ion source chamber with ^4C-free CO2 had no effect.

7 2+An unusually strong Li peak of unexplained
origin appeared in several samples whereas a sample
intentionally spiked with 10 ppm natural lithium did
not show an enhanced ^Li2+ peak. The ?Li2+ is well
resolved from 14C^+, but excessive amount could over-
load the counter.

A number of pyrolytic graphite samples gave
disappointing performance. A background sample gave
a ten-fold higher 14C count than our standard source
form of carbon-iron powder, and C~ emission was no
better than from our standard sources. This is in con-
tradiction to our experience with the two initial samples
run in the last run. The pyrolytic graphite did retain
the advantage of requiring only a few minutes burn-in
time to achieve maximum emission.

Improved performance of the Wien velocity filter
has made it possible to operate with a larger injection
aperture without degrading the *4C detector spectra.
This provides an improvement of three-fold in the in-
jection current with a slight reduction in machine trans-
mission.

Seven samples of archaeological interest provided
by the National Museum of Man, Ottawa, were run in our
standard carbon-iron source form. Good correspondence
was obtained in the one case where a radiometric measure-
ment had been done on a portion of the identical sample,
and reasonable ages ranging from 2500 to 17,000 years
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3.14.2 Accelerator Run of May 1981 (cont'd)

were obtained for three other samples. Wide discrepan-
cies were found with three other samples which were
quoted as being "similar to" or "from the same site as"
samples for which radiometrically determined ages were
quoted.

3.15 RADON-222 IN BEDROCK GROUNDWATER - R.M. Brown

It is of interest to observe the radon content of
groundwaters from boreholes in bedrock since high con-
centrations, indicating a ready diffusion from uranium
in the rock mass or fracture fillings, suggest an exten-
sive fracture system. Prichard and Gesell (Health Physics
3_3 577-581 (1977)) described the measurement of 2 2 2 ^ j.n
water using liquid scintillation counting. We have found
that 222RH ±n samples prepared for low-level tritium mea-
surement (10 mL water/14 mL Packard Instagel) is recorded
in a high energy channel and may be measured simultaneously
with the tritium. Successive counts differentiate un-
supported 222pn frpm 2 2 2 ^ supported by 2 2 6 R 3 j_n the
water. Levels of about 500 pCi.L-1* (18.5 Bq-L-1) of
unsupported Rn have been observed in water samples from
levels down to 35 m in borehole CR14 near Maskinonge Lake
in the CRNL outer area. However, at the bottom depth of
60 m, the water had no unsupported Rn but a long-lived
high energy activity corresponding to 175 pCi'L~l* (6.5
Bq-L"1) 226Ra.

3.16 URANIUM-234/URANIUM-238 ACTIVITY RATIOS - G.M. Milton
and R.M. Brown

Nothing further to report.

3.17 ENVIRONMENTAL IMPACT ASSESSMENT

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

3.17.1.1 Chemical_Pit_Plume

Thirteen boreholes (cored continuously below the
water table and used for installation of multilevel
samplers at 0.5 m intervals) were added to the monitoring

*1 Ci = 37 GBq
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3.17.1.1 Chemical JPit_Plume (con t'd)

network downgradient of the Chemical Pit. With sampling
points spaced laterally at approximately 15 m intervals,
a picture of the local stratigraphy can now be constructed.
Samples from single boreholes continue to show marked
variations in contaminant concentrations over vertical
intervals of less than 0.5 m; interpolations between holes
are therefore rather suspect, but the data indicate that
there is in fact two plumes of 60co migrating through the
sand aquifer. One arises from the original infiltration
pit, while the second originates in the extension or over-
flow pit added in 1958. The plume from the original in-
filtration pit is characterized by lower in situ 60co
Kd's (that is, dissolved 6°Co f O r m s a larger percentage
of the total).

Weighted averages of adsorbed Co were determined
for the contaminated zone intersected by each borehole
and used to calculate total sorbed °°Co over the block
of aquifer extending halfway to the midpoint of each
adjacent borehole. Contamination below East Swamp proper
is estimated to total 4.2 Ci (155 GBq) of 60 C o adsorbed
onto the aquifer matrix. This estimate will be extended
to include all soil outside of the fenced disposal com-
und and similar calculations will be made for dissolved

The inventory of dissolved 60co will be valid
only for the time of sample collection.

Grain size analyses on a suite of selected soil
samples have been completed and have been used to assist
in defining stratigraphic units, their mode of deposition,
and approximate hydraulic conductivities. All multilevel
samplers have been measured for hydraulic head, and de-
tailed flow directions will be determined once elevations
of the monitors are available. A draft report covering
the geology, groundwater flow patterns and general con-
taminant plume configuration is in preparation.

3.17.1.2 Peroh_ L_ake_Swamp_Surveii_

Drilling on the existing 122 m grid has resumed
after a break during spring runoff, sampling soil down
to the basal till and installing multilevel samplers at
1 m intervals. A new coring apparatus, incorporating a
wireline to hold the piston during driving and to enable
rapid retrieval of the core has been designed and con-
structed. This sampler has greatly improved recovery of
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3.17.1.2 Peroh_ Lake _Swamp _Survey_ (cont' d)

the extremely loose sands comprising the middle and
lower aquifers below the swamp. Collection and analysis
of groundwaters using the multilevel samplers has begun
with the assistance of P.C. Jay and a summer student.
Samples are counted for tritium and analyzed for anions
on the Dionex ion chromatograph. Field pH and redox
measurements and major cation analyses will be made for
selected samples.

3.17.1.3 Tvapex>_Test_ Site

Three continuously cored boreholes were drilled
to the northeast of Twin Lake to extend our stratigraphic
information and to help define flow directions and velo-
cities in the aquifer under consideration as a possible
test site. Unfortunately, a radically different strati-
graphic sequence (consisting primarily of fine to very
fine sands with a thick zone containing clayey silt
laminae) was found to underly the eastern portion of
the proposed site. Parts of the sequence had been en-
countered on two earlier boreholes; it now appears to
be areally extensive. Coupling the information around
Twin Lake with data from the 233 Area suggests that Twin
and Dewdrop Lakes may overly a stream channel draining
from north to south, with the former fine sands and silts
eroded away and subsequently replaced by fine to medium
fluvial sands. Such a stratigraphic change adds enor-
mously to the complexity of the site.

Rapid changes in contaminant concentration with
depth have been observed in all the plumes studied to
date (Area "C", the nitrate decomposition plant, the
Chemical Pit, Perch Lake swamp), even at several hundred
metre distances from the contaminant source. A small-
scale tracer test is now under consideration to investi-
gate the apparent lack of vertical dispersion, and to
determine if high concentration gradients can persist
laterally as well.

3.17.1.4 External_Contraots

Results of field and laboratory studies of rapid
changes in flow directions and velocities in areas where
aquifers lie close to ground surface are being modelled
and interpreted. Quantification of the phenomenon, which
has been clearly demonstrated in both the field and lab,
seems still to be some distance away. Field experiments



- 45 -

3.17.1.4 External_Cqntvaats (cont'd)

to test the effectiveness of the wide effect cover at
the Tank Farm are planned for the next quarter.

Xadar Inc. has submitted a progress report on the
pulsed radar studies in the vicinity of Waste Management
Areas "C" and "F". Preliminary results do detect major
reflectors in the subsurface, but the data are very
noisy. Xadar is attempting to arrange repeat profiling
of several areas (at their own expense) to improve
quality and resolution.

3.17.2 Groundwater-Contaminant Flux to Surface Waters and
Behaviour of Radionuclides in Surface Waters

3.17.2.1 Geneval_ Qpj_eetiyes - D.R. Lee

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

3.17.2.2 ^iojiisorimination_ of_Rad-ionualiLdes_in_ A_quatie_
ipodJUebs_ - D.R. Lee and S.J. Welch

Samples of fish flesh collected last summer are
being processed for radionuclide measurements. Fish
fillets are being ashed and prepared for counting.

3.17.2.3 G_roundwater_-£ontaminant_ E^b.31—^— Surf ape Waters j
Field Studies^ - D.R. Lee and S.J7 Welch"

The project "Bedrock-Groundwater/Lake-Connection"
is underway. The purpose of the project is to develop
and test methods to be used in characterizing the dis-
charge end of groundwater flow systems around potential
repository sites. It may also locate discrete fractures
for future empirical tests on flow through fractured
media and for studies of sorption-desorption phenomena
for critical radionuclides in fractured rock.

Chemical analysis on groundwaters at borehole CR14
indicates 200 mg«L~l HCO3, 40 to 60 ng'L"1 oxygen, and
pH 7.7 to 8.1. Samples were collected for analysis of
major ions and some trace elements. Hydraulic conduc-
tivity tests on CR14, CR16 and the upper 27 m of CR17
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3.17.2.3 Grou n dwate r-Cpntami_nant_ Fl ux_t o_ Surf a? e_ Wate re _£_
Fiell StudTes_ Tcont'd)

(completed to date) fall in the range 10 to 10 m-s .
This information will be used to select monitoring inter-
vals for the lake-level lowering experiment.

The three 1.2 m diameter culverts at the lake out-
let have been cleared of debris and a lake-level gauge
was installed in preparation for the lake-level lowering
scheduled July 15-30.

A proposal for funds to support continued work was
submitted to WNRE June 2.

In order to make predictions of contaminant movement
from groundwaters to surface waters, it is necessary to
conduct field experiments on radionuclide retention in
the vicinity of this interface. A method for studying
chemical changes in natural and contaminated groundwaters
during discharge to surface waters is being developed
with the assistance of N.S. McLeod. In this method a 15 cm
diameter, 33 cm long, open-ended Lucite cyclinder is em-
placed in the sediments of a seepage zone. The column is
then equipped with sampling ports along its length and
a tracer injection screen at its base. Preliminary in-
jection experiments have produced encouraging results.

3.18 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. 3.18.1) are used to measure mean
exposure rates and the annual integrated exposures.
Results in Table 3.18 give the sum of contributions
from CRNL and natural gamma radiation.

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

Precipitation samples collected at Deep River
were analyzed radiochemically for 90Sr and spectro-
metrically for 137cs and other gamma emitters. Monthly
composite samples of water from the Ottawa River, collected
at Rolphton, Deep River, Pembroke and CRNL, were also
analyzed for gamma-emitting nuclides, tritium and 90sr.
The results are shown in Figure 3.19.1.
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Table 3.18. TLD Gamma Exposure Rates in Public Areas
First Quarter 1981 (.pR*/ET

Location
(see Fig. 3.18.1)

1
2
3
4
5
6
7
8

13
Harrington Bay2
Deep River

First Quarter
1981

13.7
2.9
1.0
2.5
1.0
2.9
2.5
5.4

4.7
2.5

1979
Average

9.5
7.3
3.9
4.8
4.3
4.1
4.9
8.3
9.33
5.9
4.8

1980
Average

10.9
6.0
4.2
6.3
5.1
4.4
5.G
7.8

10. 74

6.8
4.9

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

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

3October 2, 1978 to October 3, 1979

October 3, 1979 to October 7, 1980.

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

At CRNL, three liquid effluent streams discharge
radioactivity to the Ottawa River from the inner area.
They are the Process and Sanitary Sewers plus the 04
Storm Sewer combined with 04A seepage. Each of these
is sampled regularly and analyzed for individual nu-
clides. The mean daily release from the Process Sewer
is given in Table 3.20 for the first quarter of 1981.
Most of the radionuclides are measured by gamma ray
spectrometry.

*1 R = 2.58 x 10
-4 C/kg
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Table 3.20. Mean Daily Release from Process Sewer
First Quarter 19§T

Radionuclides

90Sr

1 3 7Cs

144Ce

1 0 6Ru

1 4 0Ba

131Z

2 3V
952r

54Mn

46Sc

59Fe

6 5
Zn

60Co

Daily
mCi/d

3

10

2

*1

6

4

15

5

6

6

8

5

6

Release
MBq/d

1.1 x 10 2

3.7 x 102

7.4 x 101

*3.7 x 10 1

2.2 x 10 2

1.5 x 10 2

5.6 x 102

1.9 x 10 2

2.2 x 10 2

2.2 x 102

3.0 x 102

1.9 x 102

2.2 x 10 2

Percent

2.5

1.2

3.3

*2.0

1.4

3.3

5.6

9.0

2.1

1.6

3.0

6.0

1.5

X

X

X

X

X

X

X

X

X

X

X

X

X

1
Of DRL*

io-3

ID"1

lu"4

ID"4

lu"4

lu"3

ID"5

ID"5

lu"4

ID"4

io-4

10"3

io-2

*DRL = Derived Release Limit. DRL values in mCi/d have
been calculated from the DRL1s given in AECL-7243t.

Perch Creek (see Fig. 3.18.1), draining Perch Lake
and the Waste Management Areas, also flows into the river
and is sampled regularly. The total amount of radioac-
tivity discharged from CRNL per day is calculated from
the measured flow rates and radionuclide concentrations
in individual streams (Fig. 3.20.1). The plutonium
values represent 239pu plus 240pu<

tAtomxc Energy of Canada Limited, Report AECL-7243.
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3.20 LIQUID EFFLUENT MONITORING (cont'd)

Starting in 1980 the plutonium discharges (Pig.
3.20.1) are expressed in terms of activity per day
rather than mass per day. Since 239pu and 240pu cannot
be distinguished by alpha spectrometry and the two
isotopes have different half-lives, it is more meaning-
ful to express the release rate in terms of activity.
Comparison with previous release rates can be achieved
by applying the conversion: 1 mCi = 16.3 mg (1 mCi = 37
MBq) for 239Pu.

At no time did the average concentrations of ra-
dioactivity in the combined effluent flows exceed 1%
of the International Commission on Radiological Protec-
tion (ICRP) 40-hour occupational Maximum Permissible
Concentration for drinking water (MPCW).

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

Weekly samples and flow readings were taken at
weirs on the surface streams carrying contaminated
seepage water from the Waste Management Areas into
Perch and Maskinonge Lakes (see Fig. 3.18.1) . Most
samples were combined and analyzed monthly for % a s
well as quarterly for gamma-emitting radionuclides and
90Sr. Strontium-90, 60co and 3H are still the main
contaminants in the Perch Lake basin.

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

Shielded (indoor) and unshielded (outdoor) gamma
ray exposure rates in the CRNL exclusion area are given
in Table 3.22. The reduction in exposure rates ob-
served in Bldg. 513 is due to shielding from 35 cm of
concrete in the floors above the detector.
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Table 3.22. TLD Gamma Exposure Rates in Exclusion Area
First Quarter 1981 (yR*/h)'

Location
(see Fig. 3.18.1)

9

10 (office)2

11
163

First Quarter
1981

45.1

13.7

12.8

10.8

1979
Average

30.5

13.2

12.5

10.2

1980
Average

31.0

13.0

12.0

11.2

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

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

^Office in CRNL cafeteria.

3.23 STUDIES OF THE BEHAVIOUR OF COBALT AND ACTINIDES IN THE
ENVIRONMENT - E.L. Cooper, J.O. McHugh and D.E. Clegg

3.23.1 Speciation Studies of Radionuclides in Groundwater

Previous research into the characterization of
nuclide complexes in a groundwater plume from the
Liquid Waste Management Area has been extended (see
Section 3.22.1, PR-HS-7, AECL-7329 for details of earlier
work).

Collaborative work with R.M. Cassidy and S. Elchuk
of the General Chemistry Branch on the determination of
stable cobalt in groundwaters has been completed. The
concentrations found for total cobalt in the groundwater
within and outside the plume are in agreement with the
earlier results from neutron activation analysis. This
work has provided evidence that the stable cobalt is also
bound in a complex which can be destroyed by gamma radia-
tion. However, it appears that a greater proportion of
the 60co is complexed compared to the stable cobalt.

*1 R = 2.58 x 10~4 C/kg
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3.23.1 Speciation Studies of Radionuclides in Groundwater
(cont'd)

There is also evidence that other trace metals are cora-
plexed in the groundwater within the plume. A report
on this work is currently being prepared.

The methodology which has been developed to study
the speciation of 6*Co j.n groundwater is now being applied
to the actinides. Initial studies of the adsorption of
actinides from groundwater by strong cation and anion
exchangers indicate that most of the U(IV) + U(V), and
Pu are taken up only by the anion exchanger. This may
also be true for Am and Npf but, more complete radio-
chemical separation are required to demonstrate this
conclusively. The use of anion exchangers is being further
refined with the object of providing more information on
the oxidation states of the actinides present in ground-
water .

Preliminary results of an ultrafiltration study
indicate that some of the actinide species in groundwater
have molecular weights greater than 1000 as defined by
the ultrafilter used in the experiment.

Plans had been made to carry out an injection exper-
iment during 1981 in the study area. This experiment has
been postponed indefinitely on the advice of R.W.D. Killey
who has recently completed a study of the distribution
of 60co in the plume.

The results of this study indicate that the dis-
tribution is very heterogeneous and hence the results
of an injection experiment would be difficult or even
impossible to interpret.

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

The work on the development of methods for the
preparation of sources of actinides for alpha spectrometry
by coprecipitation has been taken over by D.E. Clegg.
He is carrying out a systematic study of the conditions

• necessary for quantitative recovery as well as determin-
ing possible interferences in the method.
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3.23.2 Development of Methods for the Determination of Actinide
Concentrations in Environmental Samples (cont'd)

Work has also been started on procedures for
decomposing ashed sap samples prior to analysis for
actinides.

3.24 STUDIES OF RADIOACTIVITY IN TREES - E.L. Cooper, J.O.
McHugh, G. Lahaie and D.E. Clegg

Sap samples, were again collected during this
spring; however, trees growing more towards the centre
of the plume were sampled this year. These samples are
currently being prepared for analysis.

Analysis of actinides in sap samples collected in
19 80 is continuing.

A method of withdrawing sap from aspens by suction
for analysis of tritium has been developed. Since
aspens grow in almost all areas of the CRNL site this
method can be used for surveys of tritium in vegetation
over a wide area. Our previous work has shown that tri-
tium can be determined directly in sap by liquid scintilla-
tion counting. Thus a large number of samples from a
survey can be assayed for tritium with a minimum of effort.

This method was applied this spring in a study of
the depth of the root zone of trees under local condi-
tions. Aspens and maples growing above a tritium plume
were sampled in areas with different depths from the
surface to the water table. Initial results showed
slightly elevated levels of tritium in all the trees
growing in this area.

3.25 BIOAVAILABILITY OF SPECIES OF NUCLIDES PRESENT IN GROUND-
WATER - E.L. Cooper and J.O. McHugh

This study was inspired by our studies of specia-
tion in groundwater and radionuclide uptake by trees.
Since most of the *>0co and actinides in groundwater ap-
pear to be complexed it is important to determine whether
these complexes are more or less bioavailable than free
metal ions. In the initial experiment the bioavailability
of 60co in groundwater was assessed by growing bean plants
in solution culture. The nutrient solution consisted of
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3.25 BIOAVAILABILITY OF SPECIES OF NUCLIDES PRESENT IN GROUND-
WATER (cont'd)

57contaminated groundwater to which a Co tracer had been
added. Most of the 60co in this solution was adsorbable
on an anion exchanger while most of the 57co was adsorb-
able on the cation exchanger. Previous studies had shown
that little exchange occurred between the two nuclide
species. Plants were sectioned into roots, stem and leaves
and counted for 57co and 60co activity. The uptake of
57Co by the bean plants was two to three times that of
the 60co which indicates that the 60co complex is less
bioavailable than free cobalt.

3.26 SURVEY OF RADIOACTIVITY IN SMALL MAMMALS LIVING NEAR THE
CRNL WASTE MANAGEMENT AREAS - E.L. Cooper and A.F.
Fuciarelli

A survey of radioactivity in small mammals is being
carried out by A.F. Fuciarelli. This survey has two
objectives. First, it will provide information on the
effects of operations at CRNL on the local wildlife.
Second, it should demonstrate the feasibility of terres-
trial food chain studies in the field at CRNL.

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

Average concentrations of tritium in streams within
the CRNL exclusion area are given in Table 3.27 together
with the amount released during the first quarter of 1981.

3.28 SURVEY SUMMARY - E.L. Cooper

These surveys have shown that in all cases the
radioactivity released in liquid effluent either directly
or indirectly to the Ottawa River has been less than 1%
of the Derived Release Limit (DRL). Thus no significant
effect on the environment resulting from operations at
CRNL has been detected.



- 54 -

Table 3.27. Tritium in Streams in the Exclusion Area
First Quarter 1981

Process Sewer

Sanitary Sewer

04 Stor* Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

Conce
UCi/L

0.035

0.036

0.19

0.38

6.0

ntration
kBq/L

1.3

1.3

6.9

14

2.2 x 102

!

3

4

2

Juarterly
Ci

.4 x 102

3.9

24

.8 x 102

.8 x 102

Release
GBq

1.2

1.4

8.9

1.8

1.0

x 104

x 1O2

x 102

x 104

x 104

Percent
of DRL1

1.4

1.7

1.0

2.0

1.2

X 10~2

x 10-4

x 10"3

x 10~2

x 10~2

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

Duke Stream discharges into Maskinonge Lake; all other
streams flow directly to the Ottawa River.
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257-262 in Environmental and Safety Assessment - Proc.
of 9th Nuclear Fuel Waste Management Information Mtg.
Atomic Energy of Canada Limited, Unpublished Report
TR-79.

McMAHON, J.W., A.E. DOCHERTY and S-R. GENTNER. Cooling
system effects on plankton, pp. 49-56 in Environmental
Effects of Cooling Systems. IAEA, Vienna.

McMAHON, J.W. Biological effects of thermal discharges
in tropical regions, pp. 169-172 in Environmental Ef-
fects of Cooling Systems. IAEA, Vienna.

PICKENS, J.F., J.A. CHERRY, R.M. COUPLAND, G.E. GRISAK,
W.F. MERRITT and B.A. RISTO. A multilevel device for
ground-water sampling. Ground Water Monitoring Review;
48-51.

3.30 VERBAL PRESENTATIONS*

3.30.1 Presented Papers

(A) 15th Annual Congress & Annual General Mtg. of the
Canadian Meteorological & Oceanographic Society,
Saskatoon, Saskatchewan, May 27-29, 1981.

BARRY, P.J. and E. ROBERTSON. A lake energy model to
estimate evaporation (Poster Session).

BARRY, P.J. and E. ROBERTSON. "Research and meteorolo-
gical data requirements for improved modelling of lake
energy balances". Presented by Robertson.

BARRY, P.J. "Improving mass transfer equations of lake
evaporation".

ROBERTSON, E. and D.P. WILDSMITH. A summary of the
hydrologic and hydrometeorological observations over
an eleven-year period at Perch Lake (Poster Session).

*Papers in thxs section are generally not available in
print.
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3.30.1 Presented Papers (cont'd)

(B) other

ANDREWS, H.R., G.C. BALL, R.M. BROWN, N. BURN, W.G.
DAVIES, Y. IMAHORI and J.C.D. MILTON. "The Chalk River
accelerator dating facility". Presented by Andrews at
3rd Int. Conf. on Electrostatic Accelerator Technology,
Oak Ridge, Tennessee, April 13-16, 1981.

BROWN, R.M., H.R. ANDREWS, G.C. BALL, N. BURN, W.G.
DAVIES, Y. IMAHORI and J.C.D. MILTON. "Radiocarbon
measurement with the Chalk River MP tandem accelerator".
Presented by Brown at IAEA Symp. on Methods of Lov-
Level Counting and Spectrometry, West Berlin, April 6-10,
1981.

BALL, G.C., H.R. ANDREWS, R.M. BROWN, N. BURN, W.G.
DAVIES, Y. IMAHORI and J.C.D. MILTON. "Radiocarbon
dating with the Chalk River MP tandem accelerator".
Presented by Ball at Symp. on Accelerator Mass Spectro-
metry, Argonne, Illinois, May 11-13, 1981.

CHAMP, D.R. and W.F. MERRITT. Particulate transport of
cesium in groundwater. Presented by Champ at The
Canadian Nuclear Society 2nd Annual Conf., Ottawa,
Ontario, June 10, 1981.

OSBORNE, R.V. and D.R. CHAMP. "Health physics research
and applications of radiation protection principles".
Presented by Osborne at AECL R & D Program Committee
Mtg., June 17, 1981.

COOPER, E.L. and J.O. McHUGH. "Speciation studies of
cobalt-60 and actinides in groundwater". Presented
by Cooper at The Chemical Institute of Canada's 64th
Canadian Chemical Conf. & Exhibition, Halifax, N.S.,
May 31-June 3, 1981.

LEE, D.R. "Groundwater discharge zones". Environmental
Protection & Radioactive Waste Management Steering
Committee presentation to AECL R & D Program Committee,
WNRE, April 22, 1981.
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3.30.2 Lectures or Seminars

(A) 60th Annual Science Teachers' Seminar, CRNL,
April 2-4, 1981.

CHAMP, D.R. Panel participant in "Discussion of nuclear
issues" session.

LEE, D.R. "Food chain research in freshwaters".

McMAHON, J.W. and J.L. YOUNG. Tour of waste heat experi-
ments at Maskinonge Lake.

(B) Other

CHAMP, D.R. "Environmental studies - CRNL's environmental
research programs". Presented to Co-op students, AECL
Engineering Company, Mississauga, Ontario, April 3, 1981.

CHAMP, D.R. "Assessing the health impact of nuclear energy"
Presented to the Algoma Health Unit, Sault Saint-Marie,
Ontario, April 22, 1981.

LEE, D.R., Instructed on "The interface between surface
waters and groundwaters". University of Waterloo,
671-Field Methods in Hydrology, April 19-22,
Alliston, Ontario.

MERRITT, W.F. Participated in Symp. on Modern Trends in
Activation Analysis, Toronto, Ontario, June 15-19, 1981.

3.30.3 Local Talks

(A) 3rd Annual Informal Course in Radiation Protection
Procedures, CRNL, April 27-May 1, 1981.

CHAMP, D.R. ''Environmental research activities" and
tour of Perch Lake.

COOPER, E.L. "Environmental and effluent monitoring at
CRNL".

(B) Other

CHAMP, D.R. Discussion of environmental issues and tour
of Perch Lake. Visit of Bruce MacDougal, Kingston Whig
Standard to CRNL, April 20, 1981.
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3.31 INVITED SPEAKERS*

CORNETT, R.J., Biology Dept., McGill University, Montreal,
Quebec - "Prediction and interpretation of hypolimnetic
oxygen deficits in lakes", CRNL, April 1, 1981.

KALIN, M., University of Toronto, Institute for Environ-
mental Studies, Toronto, Ontario - "An ecological ap-
prpach to delineating long term problems of uranium
mill tailings", CRNL, April 29, 1981.

t

SHARMA, H.D., Dept. of Chemistry, University of Waterloo,
Waterloo, Ontario - "Determination of 2 3 8U and its
daughters in environmental samples, CRNL, May 29, 1981.

CHERRY, J.A., Dept. of Earth Sciences, University of
Waterloo, Waterloo, Ontario - "Hydrogeology of uranium
mill tailings", CRNL, June 17, 1981.

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

by

D.K. Myers

4.1 Staff
4.2 Aims of the Branch
4.3 Detection of y-Radiation and Neutron Radiation Damage and Repair

in Human Peripheral Blood Lymphocytes
4.4 Study of the Mechanism by which a Tumor Promoter (Phorbol Myristate

Acetate) gives Rise to DNA Strand Breaks
4.5 Alkaline Extraction as a Preparative Method for Plasmid DNA
4.6 Heat Shock Induction of Radiation and Thermal Resistance in Yeast
4.7 Radiation-Induced Lethality and Gene Conversion in Saccharomyces

cerevisiae. Relative Effectiveness of the Primary Aqueous Radicals
4.8 A Comparison between Cell Killing and Genetic Damage in Yeast

Irradiated in the Presence of Various Concentrations of Molecular
Oxygen

4.9 Ionizing Radiation Damage in Bacterial Cell Walls
4.10 Photoreactivation of 5-Hydroxymethylcytosine-Containing Dimers
4.11 Induction of Genetic Changes in Yeast
4.12 Genetic Effects of Altered Repair Systems (£ad_ mutants) in Yeast
4.13 Modified Bases in Yeast DNA
4.14 Assay of UV-Induced Pyrimidine Dimers in Human Cell DNA by High

Performance Liquid Chromatography (HPLC)
4.15 Use of High Performance Liquid Chromatography (HPLC) to Assay a

Novel 313-nm-Induced Photoproduct in Human Fibroblast DNA
4.16 Analysis of Gamma-ray Sensitivity in Fibroblast Cells from Three

Family Members of a Male Proband with Breast Cancer
4.17 Characterization of a Monoclonal Antibody Specific for Thymine

Dimers in Single-Stranded DNA
4.18 Biomedical Studies on Cultured Fibroblasts Derived from Patients

with Hereditary Cutaneous Malignant Melanoma (HCMM) and the
Dysplastic Nevus Syndrome (DNS)

4.19 Appearance of Non-Photoreactivable Sites in DNA During Incubation of
UV-Damaged Xeroderma Pigmentosum Group D Cells
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4.20 Dose-Rate Effects on Radiation-Induced Death of Spleen and Thymus Cells
4.21 A Comparative Study of Caretnogenesis by Different Types of Ionizing

Radiation
4.22 Follow-Up of Past CRNL Employees
4.23 Assessment of Radiation Hazards to Human Populations
4.24 Publications
4.25 Verbal Presentations

4.25.1 Lectures or Seminars
4.25.2 Local Talks

4.26 Invited Speakers
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4.1 STAFF

Branch Head - D.K. Myers

Biochemistry of DNA and RNA
H.C. Birnboim Assistants: O.J. Jevcak
R.S. McWilliams1 A.6. Knight
M.A. Marko2

Radiation Damage in Cell Walls
and Membrane

R.E.J. Mitchel Assistant: K.M. Baird

Enzymatic Repair of Radiation
Damage to D~NA~
N.E. Centner Assistant: M.M. Werner

DNA Repair in Cultivated Human Cells
M.C. Paterson Assistants: D.A. Devlin3
N.T. Bech-Hansen3 P.A. Knight
P.J. Smith3 S.J. HacFarlane3

B.M. Sell (Zohr)
B.P. Smith

DNA Replication and Repair in Fungi
P. Unrau Assistants: M.C. Wolfgram

D.P. Morrison T. Hamilton

Bacteriophage T4 Genetics

J.D. Childs Assistant: R. Pilon

Radiation-Induced Tumors
D.K. Myers Assistant: L.D. Johnson
N.J. Gragtmans1*

Secretary
B.C. Gillies

Animal House Supervisor
M.A. Jones

Laboratory Attendant

B.A. Ruhnke
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Attached Staff, Department of Biology, University of Ottawa, 1980 May 15;
transferred to Summer Student roster 1981 April 28.

2Attached Staff, on Temporary Contract from 1981 January 26, terminated 1981
May 26.

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

"Attached Staff, on Temporary Contract from 1980 September 08.

Summer Students

Linda C. Hynes, University of Toronto, working with D.K. Myers, reported for
work 1981 May 25.

Jennifer K. Lambert, University of Alberta, working with R.E.J. Mitchel and
D.P. Morrison, reported for work 1981 May 4.

Deborah A. Lemaire, Canadore College, working with P. Unrau and N.E. Gentner,
reported for work 1981 May 5.

R.S. McWilliams, University of Ottawa, working with H.C. Birnboim and M.C.
Paterson, transferred to summer student roster 1981 April 28.

Visiting Scientist

Dr. Govert P. van der Schans, Medical Biological Lab, Rijswijk, The Netherlands,
working with M.C. Paterson, 1981 May 11.
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4.2 AIMS OF THE BRANCH

Research in the Radiation Biology Branch is directed towards an under-
standing 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.

4.3 DETECTION OF y-RADIATION AND NEUTRON RADIATION DAMAGE AND REPAIR IN
HUMAN PERIPHERAL BLOOD LYMPHOCYTES - H.C. Birnboim, R.S. McWilliams,
and W.G. Cross*

This project has been completed and a manuscript has been submitted
for publication.

""Health Physics Branch

4.4 STUDY OF THE MECHANISM BY WHICH A TUMOR PROMOTER (PHORBOL MYRISTATE
ACETATE) GIVES RISE TO DNA STRAND BREAKS - H.C. Birnboim, J.J. Jevcak,
and A.G. Knight

The response of human peripheral white blood cells to the potent
tumor-promoting agent, PMA, has been studied further. Extensive DNA
strand break damage as measured by FADA (PR-HS-4, section 4.3) was
observed shortly after exposure to this agent. The damage is likely
mediated by 0 2 and H202» which these phagocytic cells make when stimulated

PMA. Both 05 and H 20 2 seem to be necessary since superoxide dismutase
~h converts 0 2 to H202) decreases the damage, as does catalas?
;h conw "ts H 20 2 to H20 and 0 2). Although OH* would seem to be G
y candid.*-o for the damaging agent (since its production requires

-n 0 2 and H 2o 2), our evidence with the OH* scavenger, dimethyl sulfoxide,
suggests that OH- is probably not responsible for the DNA damage
observed.

4.5 ALKALINE EXTRACTION AS A PREPARATIVE METHOD FOR PLASMID DNA - H.C. Birnboim,
and M.A. Marko

This project has now been completed and a manuscript is being
prepared. The final method has been shown to allow preparation of highly
purified plasmid DNA in good yield. Either amplified or non-amplified
cells can be used. The purified plasmid DNA has no detectable RNA,
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protein, or chromosomal DNA contamination and is very susceptible to
digestion by restriction enzymes. The method does not require
ribonuclease treatment, phenol extraction or isopyknic centrifugation.
Instead, DNA is bound to glass powder and washed thoroughly to remove
contaminants.

4.6 HEAT SHOCK INDUCTION OF RADIATION AND THERMAL RESISTANCE IN YEAST -
R.E.J. Mitchel, D.P. Morrison, K. Baird and T. Hamilton

Our initial results have been submitted for publication under the
title "Heat Shook Induction of Ionizing Radiation Resistance in
Saooharomyoes aerevisiaes and Correlation with Stationary Growth Fhase".
The reasons for the increased resistance to ionizing radiation noted
earlier are now being explored. Two possibilities are being examined:
(a) heat shock induces an increase in the DNA repair ability of the
cells and (b) heat shock modifies the cellular membranes which in turn
alters the cells' ability for repair. We have found that both mechanisms
may be operating. Both mechanisms may contribute to enhanced thermal
resistance but only the former appears to contribute to enhanced
radiation resistance.

4.7 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, K.M. Baird and J. Lambert

Our early results have been submitted for publication under the
title "Is Radiation-Generated Aqueous Electron-Type Damage Repaired
by the Reoombinational Repair Pathway -in Sacaharomyoes aerevisiae?"
This work is now being extended and various mutants, all deficient in
recombinational repair but for different reasons, are being examined
for their sensitivity to and ability to repair radiation-generated
aqueous electron type damage. By this process we are attempting to
identify more precisely the nature of the defect which prevents these
cells from repairing this type of damage.

4.8 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 M.C. Wolfgram

This work has been submitted for publication under the title
"Assessment of the Oxygen Effect, and Oxygen Modification of OH- Damage,
on Radiation Induced Lethality and Gene Conversion in Sacaharomyoes
cerevisiae."

4.9 IONIZING RADIATON DAMAGE IN BACTERIAL CELL WALLS - R.E.J. Mitchel, and
K.M. Baird

Two papers have been submitted for publication: "Loss of Covalently
Linked Lipid as the Mechanism for Radiation-Induced Release of Membrane-
Bound Polysaaaharide and Exonuolease from Microooccus rgdiodurans" and



- 69 -

"The Arrhenius Plot Behaviour of a y-Jtadiation-Releasable Membrane
Bound Exonualease". These are the final papers in this series and
this program has been concluded.

4.10 PHOTOREACTIVATION OF 5-HYDROXYMETHYLCYTOSINE-CONTAINING DIMERS -
J.D. Chi Ids and R. Pi Ion

Mutants of bacteriophage T4 that are unable to induce UV
endonuclease are more sensitive, relative to wild type, to 300-
320 nm light than they are to 254 nm light. We have previously
shown that a photoproduct of 5-hydroxymethylcytosine (5 HMC) may
be responsible for this enhanced sensitivity and that this photo-
product is not photoreactivable. Evidence from three sources
suggest that this photoproduct is a dimer containing 5 HMC and
thymine (T). Firstly, UV endonuclease is known to be specific for
pyrimidine dimers. Secondly, we have shown that less than 6.5%
of the dimers formed at 254 nm are 5 HMC<>T from wild type T4 are
not photoreactivable. Thus, 3H labelled T4 DNA was irradiated at
300 nm which converted 4% of the pyrimidines to T<>T and 1% to
5HMC<>T. This irradiated DNA was incubated with purified
photoreactivating enzyme (photolyase) from5treptomyoes gviseus
in the presence of white light. Within 30 minutes over 95% of
T o T was converted to thymine, whereas there was no detectable
change in the amount of 5 HMC<>T even after 60 minutes. This
experiment was repeated using a crude yeast extract containing
photolyase, with essentially the same result, although the amount
of photoreactivation of T<>T was less. In bacteriophage T4 glucose
is attached to the hydroxymethyl group of 5 HMC. It is possible
that this glucose prevents binding of photolyase and this prevents
photoreactivation. This is the only known example of a cyclobutane
pyrimidine dimer that cannot be photoreactivated.

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

We have been compiling data obtained in these experiments to
establish the value of the D7 strains of Saccharomyces cerevisiae for comparing
the relative effectiveness of various genetically active agents.
As indicated by Table 1, the data is reasonably reproducible and
yields a straight line when the log of the convertants are plotted
against the log of the dose delivered. (Response is proportional
to dose raised to the power of the slope of this log-log plot).
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TABLE 1

Agent Slope Xorrel ation Coeff1cient

60Co gamma-rays 1.011 0.994
Ultraviolet (254 nm) 1.827 0.993
NaN02 2.284 0.984
Mitomycin C

The four agents reported produce four different types of damage
as their major effect on the genetic material. Gamma-radiation
produces mostly single strand breaks, ultraviolet {254 nm) mostly
pyrimidine dimers, NaN02 mostly deanimation of cytosine and adenine,
and mitomycin C mostly cross-linking of complementary strand
(V.N. Iyer and W. Szybalski:P.N.A.S. Vol. 50, pp. 355-362, 1963),
yet all of them induce gene conversion at the Trp 5 locus. With
regard to NaN02 and Mitomycin C, the parameters given are only
applicable under the conditions given; lengthening the time of
exposure, for example, increases the number of connectants produced
by a given dose. It is interesting to note that UV and MMC, both
cross-linking agents, yield quite different dose-response curves;
that of MMC is approximately linear with dose while that of UV
is exponential and appears to be proportional to dose to the power
of 1.8 over the range tested. Because of differences in the shape
of the dose-response curves, it is not possible to give a single
value for the rad-equivalent of a particular chemical. The
relationship between the radiation dose and concentrations of
chemical required to produce a given level of genetic changes
varies depending upon the level of genetic change, as illustrated
in Table 2.

TABLE 2

Compari son

Colonies/
106 survivors

10
50

200

of Doses

60Co Y-n
0°C, 02
(rads)*

202
980

3824

for Induction of
Strain MU-42

jys NaNO2
pH3.Q,0OC,
30 min
OnM)

0.866
1.75
3.21

Gene Convertants

MMC
pH7.5,
20°C,20min

0.215
1.16
5.00

in

U.V
On plate,
254 nm
(J/m2)

2.74
6.62
14.1

*Note: 100 rads equals one Gy
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4.12 GENETIC EFFECTS OF ALTERED REPAIR SYSTEMS Crad mutants) IN YEAST -
P. Unrau, M.C. Wolfgram and D.P. Morrison

Ethionine is a carcinogenic analogue of the amino-acid methionine.
The effects of ethionine on yeast cells include two components of
repression; one level acts on transfer-RNA charging and the other
at the nuclear level. Furthermore, ethionine can be utilized to
form S-adenosyl-ethionine (SAE), an analogue of the methyl donor
S-adenosyl-methionine (SAM). SAM is the donor of methyl groups
during DNA modification by methylation and we hypothesized that
alkylation with SAE would not only have genetic effects if modified
bases were present in yeast DNA, but these effects would differ
significantly from one mutant strain to another.

The genetic effects of increasing ethionine concentration on
wild-type cells was to increase spontaneous gene conversion levels
and to decrease the spontaneous mutation frequency. This observation
rules out the possibility that ethionine-containing replicative
proteins are less accurate, as the mutation yield would be expected
to increase with increasing dose in that case. It is consistent
with effects of ethionine at the DNA level. The excision defective
strain showed a large stimulation of recombination at the lowest
levels tested, but recombinants decreased with increasing concentration
while mutation frequencies increased. This is consistent with
differences in excisional capability for DNA adducts. Significant
mutation increases were observed in both the recombination defective
and "error-prone repair" defective strains. This is unexpected as
both strains are immutable by UV or ionizing radiation. The data
are consistent with the hypothesis that adducts of SAE are formed
in DNA and lead to detectable lesions that are removed by cellular
systems, at the cost of enhanced mutation and/or recombination rates.
The data will form part of a paper to Can. J. Biochem.

4.13 MODIFIED BASES IN YEAST DNA
N.E. Gentner, P. Unrau and D. Lemaire

Using 3H-uracil as a generalized pyrimidine precursor in
Saccharomyces cereyisiae, and HPLC ion exclusion to separate the
radioactive bases, we have looked for modified bases (especially
of cytosine) in yeast DNA. Methylcytosine was of special
interest to us because it may have a role in increasing the
fidelity of DNA replication and repair. To eliminate the variable
examination which occurs on formic acid hydrolysis of DNA, we
first perform an enzymatic hydrolysis to deoxyribonucleosides
(RNase to eliminate 98+% of the RNA; DNase I, snake venom
phosphodiesterase, and bacterial alkaline phosphatase to release
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deoxyribonucleosides) followed by HCOOH hydrolysis to the free bases
(HCOOH hydrolysis of deoxyribonucleosides does not give rise to
deamination). Methylcytosine is tentatively identified as present
in wild-type DNA; approximately 0.5% of the C's are so modified.
Levels of modified bases in various rad mutants are being examined
to see if any differences are detectable.

In addition, another modified pyrimidine apparently originating
from DNA has been detected in appreciable amounts. Various procedures
are underway to identify this component.

4.14 ASSAY OF UV-INDUCED PYRIMIDINE DIMERS IN HUMAN CELL DNA BY HIGH
PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC)
N.E. Gentner and M.M. Werner

We have developed a labelling regimen for human fibroblasts that
yields considerable label in deoxycytosine in DNA, and very little or
no labelling of bases in RNA (<1% of incorporated label is rendered
acid-soluble by RNase digestion, but 99+% is solubilized by DNase
digestion). The object of this procedure was to permit analysis of
the third cyclobutyl pyrimidine dimer, UraoUra (formed from
CytoCyt dimer in DNA), which is not labelled by radioactive
thymidine. However, UraoUra elutes on reverse phase HPLC in a
region with high background due to radiodecomposition or hydrolysis
treatment products; this makes its quantisation at physiologically
significant doses difficult. We are investigating the application of
the ion-exclusion HPLC technique, which has proved so successful for
us in assay of free bases and/or deoxyribonucleosides, to the resolution
of this dimer species.

4.15 USE OF HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC) TO ASSAY A NOVEL
313-nm-INDUCED PHOTOPRODUCT IN HUMAN FIBROBLAST DNA
N.E. Gentner

Acid hydrolysates of 3H-thymidine-labelled DNA from human fibro-
blast cells irradiated with 313 rnn light show, in addition to the
expected cyclobutyl dimer species UraoThy and ThyoThy, a novel
313-nm-induced photoproduct. (This was first detected by reverse
phase HPLC when Dr. Jean Cadet was Visiting Scientist). This
particular product is not seen in hydrolysates from cells exposed
to 254 nm light. On reverse phase HPLC, it elutes in a "clean"
area of the chromatogram, thereby aiding its detection and measurement
at low fluences that cause minimal killing. By measuring the yield of
both conventional dimers and the novel photoproduct, as well as cell
survival, at 313 nm, an indication of the contribution of the novel
lesion to cell killing may be obtained.
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The repair of this lesion will be followed in normal human cells
and in cells from individuals with certain diseases for which the
etiology suggests a possible defect in repair of lesions formed at
sunlight-significant wavelengths. Dr. P.J. Smith is collaborating
in the repair studies.

4.16 ANALYSIS OF GAMMA-RAY SENSITIVITY IN FIBROBLAST CELLS FROM THREE
FAMILY MEMBERS OF A MALE PROBAND WITH BREAST CANCER
N.T. Beck-Hansen, B.M. Zohr and M.C. Paterson

We have observed an increased radiosensitivity in a strain,
2942T, which was derived from a skin biopsy taken from a male with
breast cancer (see previous quarterly reports). Analysis of strains
from his parents and one sister has now also been performed. Strain
2942T is significantly more gamma-ray sensitive than strains derived
from six clinically normal, unrelated individuals; 357±14 rad
(3.57 Gy) versus 403+9 rad (4.03 Gy). However, 2942T was not
significantly more sensitive than strains from the mother, 3025T
(D10 value 362±15 rad; 3.62 Gy), and the father, 3026T (D10 value
380±19 rad; 3.8 Gy). His sister's strain, 3151T, is normal in its
sensitivity (391±8 rad; 3.91 Gy), similar to the parent's strains
but significantly (P<0.05) different from the proband's strain.
Apparently, in this family, there is no major familiar factor for
the radiosensitivity phenotype observed in the proband's cells.
Instead, we may be observing the result of a fortuitous segregation
of several minor factors from both sides of the family which in the
case of the proband resulted in a gamma-ray sensitivity and in the
case of the sister resulted in normal gamma-ray sensitivity. To
what extent the gamma-ray sensitivity of the proband's cells
contributed to the development of his breast cancer is not clear
at this time.

4.17 CHARACTERIZATION OF A MONOCLONAL ANTIBODY SPECIFIC FOR THYMINE
DIMERS IN SINGLE-STRANDED DNA
P.J. Smith, P.T. Strickland* and J.M. Boyle*

The immunological detection of pyrimidine dimers (a major class
of UV-photoproducts in DNA) provides an alternative to the chroma-
tographic and enzymatic methods used to measure these lesions.
In recent years a new method for producing antibodies has been
developed using myeloma-like hybrid cell lines which produce highly
specific monoclonal antibodies.

*Paterson Laboratories, Manchester, U.K.)
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The Manchester group have isolated a hybrid cell line (hybridoma)
from fusions between mouse myeloma cells and spleen cells of BalbC
mice hyperimmunized with UVssDNA and UVpolydT. The hybridoma,
aUVssDNA-1, was found to produce IgG antibodies which bound
determinants in UV-irradfated (254 nm) single-stranded calf thymus
DNA (UVssCTDNA) and was later found to be specific for UV-irradiated
(254 nm) polynucleotide and oligonucleotide sequences (of greater
than 4 nucleotides in length) containing adjacent thymidine residues.
This suggested that the antigenic determinant in UV-irradiated DNA
was the conformational distortion associated with a thymine dimer
rather than the dimer itself.

The action spectrum for antigenic determinant formation was
measured for comparison with published information on pyrimidine
dimer formation in DNA. Calf thymus DNA samples were irradiated
with 103 or 101* J-nr2 at UV wavelengths between 239 nm and 365 nm.
Competitive inhibition of aUVssDNA-1 binding to 100 ng 3HOUVssDNA
by 2.5 ug UVssCTDNA was measured. Maximum inhibition occurred at
254 nm - 265 nm and declined at longer wavelengths. The spectrum was
similar in shape to the action spectrum for thymine-containing
pyrimidine dimer formation in Chinese hamster V79 cells. UV
photoreversal experiments showed that binding of ctUVssDNA-1 to
UVpolydT (280 nm UV) could be reduced by exposure of UVpolydT to
short wavelength (239 nm) UV-radiation prior to incubation with
antibody. The fluence dependency for radiation reduction in binding
matched the concomitant increase in UV absorbance (at 270 nm) of
the DNA sample associated with the photomonomerization of thymine
dimers.

These observations support the interpretation that aUVssDNA-1
antibody sees the topological distortion caused by a thymine dimer.
The characterization of immunological probes for the recognition
of specific.lesions in DNA is the first step towards the development
of rapid assays for DNA damage and cellular repair capacity in human
cells.

.18 BIOCHEMICAL STUDIES ON CULTURED FIBROBLASTS DERIVED FROM PATIENTS WITH
HEREDITARY CUTANEOUS MALIGNANT MELANOMA (HCMM) AND THE DYSPLASTIC NEVUS
SYNDROME (DNS)
P.J. Smith, D.A. Devlin and M.C. Paterson

The autosomal dominant trait of HCMM can occur in persons with
clinically and histologically distinct precursor moles or nevi
(i.e., DNS). Melanoma incidence is related to sunlight exposure as
is the case for other forms of skin cancer. However, in HCMM/DNS
patients host factors appear to contribute greatly to increased cancer
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risk. Our understanding of the putative role of UV-radiation in the
etiology of cutaneous melanoma has been facilitated by the study of
skin cells from HCMM/DNS patients. The pertinent finding, reported
previously, was that HCMM/DNS strains displayed enhanced sensitivity
to UV-radiation (254 nm) compared with the responses of cells from
normal controls.

We have extended the above studies by measuring the capacities
for DNA repair and semi-conservative DNA replication in HCMM/DNS
cells exposed to UV-radiation. Repair was assayed by the repair
replication technique [an incorporation assay which is essentially
a measure of excision repair events involving pyrimidine diniers),
and 6 HCMM/DNS strains representing 5 unrelated families were all
found to show normal levels of repair following 15 J.nr2 UV-radiation.
Furthermore, both the UV-fluence dependency of the initial inhibition
and the subsequent kinetics of recovery of DNA synthesis in HCMM/DNS
cells were found to be similar to the corresponding effects observed
in normal controls.

Future studies on HCMM/DNS cells are aimed at the identification
of the cytotoxic photoproducts in DNA and the metabolic fate of such
lesions.

4.19 APPEARANCE OF NON-PHOTOREACTIVABLE SITES IN DNA DURING INCUBATION OF
UV-DAMAGED XERODERMA PIGMENTOSUM GROUP D CELLS
M.C. Paterson, M.V. Middelstadt, B.P. Smith and S.J. MacFarlane

Xeroderma pigmentosum (XP) is an inherited sunlight-sensitive and
cancer-prone skin disorder manifested in vitro by defective repair of
cyclobutyl pyrimidine dimers induced in cellular DNA by ultraviolet
(UV) light. In cultured fibrobiast strains from complementation
group D (one of the seven genetic forms of XP defective in dimer
excision), assays measuring early and late steps in the multi-
enzymatic excision-repair process yield different results as to
the extent of the repair deficiency. While markedly, if not totally,
defective in executing an early step in repair — that is, the
removal of dimer-containing sites (detected as UV-induced sites
sensitive to the strand-incising activity of a dimer-recognizing
UV endonuclease contained in a protein extract from Miarooooaus
luteus), strains belonging to this complementation group clearly
carry out a substantial amount of UV-induced DNA repair replication
(20% or more of that executed by normal control cells); the latter
parameter is taken a measure of the capacity to perform the late
gap-filling step promoting the restoration of the UV-damaged site
to a normal configuration after release of the damage. This
apparent discrepancy led us to re-examine the metabolic fate of
dimers in two XP group D strains (XP3NE and XP6BE) and one normal
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strain (GM 38) by measuring the photoreactivable sector in cellular
DNA with time of incubation after exposure to 15 J/m2 of 254-nm
light. After post-UV incubation, the cultures were lysed; their
DNA was extracted, subjected to enzymatic photoreactivation (PR)
(Streptomyees gHseits photolyase plus fluorescent light) to convert
dimers selectively to normal monomers and then analyzed for
residual damage-containing sites, using partially purified UV
endonuclease from M. luteus as an enzymatic probe. Our results
reveal the appearance of novel sites in the UV-damaged DNA of
incubated XP, but not normal, cells; these sites remain UV
endonuclease-sensitive despite exhaustive PR treatment. Site
incidence in the XP strains increases from a level of -vO.15 sites
per 107 daltons in UV-treated, non-incubated cultures to a peak
of 0,6-0.8 per 107 daltons after 24-40 h of post-UV incubation.
The yield, 15-20% of the initial number of dimers formed, corresponds
to the residual capacity (^20% of normal) of the mutant strains to
execute UV-induced DNA repair replication.

A fibroblast strain (XP4R0) from a second excision-defective
complementation group, designated group C, has also been monitored
for the presence of non-photoreactivable sites after UV treatment.
The results indicate that such sites are induced in and disappear
from the DNA of these mutant cells at a rate similar to that seen
in the normal control cells.

These findings suggest that XP group D, but not XP group C,
cells act on a minor fraction (^20%) of the dimers in such a fashion
that, although patches of normal size are inserted, the photoproducts
are either modified but not excised or excised and replaced with
defective patches. A possible causal relation between the emergence
of these non-photoreactivable sites in UV-damaged cells and the
clinical and cellular phenotypes of XP group D is under
investigation. Interestingly, patients whose cultured cells are
allocated to this group are afflicted with the neurological form
of XP in which neurological abnormalities accompany the skin
lesions, whereas group C donors have the cutaneous form characterized
by only skin complications, and non-photoreactivable sites do not
accumulate in their UV-treated fibre-blasts. At the cellular level,
sensitivity to killing by UV light is, in general, much more
pronounced for group D than for group C strains. Hence it is
conceivable that the appearance of these non-photoreactivable sites
(presumably due to abortive DNA repair reactions) in certain XP
strains may have dire consequences on the ability of a cell to
maintain its viability in the face of DNA damage inflicted by
solar UV light and UV-mimetic chemicals which, in turn, may lead
to the progressive neurodegenerative changes characteristic of
patients with neurological XP.
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4.20 DOSE RATE EFFECTS ON RADIATION-INDUCED DEATH OF SPLEEN AND
THYMUS CELLS
D.K. Myers and L, Hynes

The effect of changes in dose rate on induction of cancers and
genetic mutations by ionizing radiation has been studied fairly
extensively in animals in other laboratories. In general, the
effects per unit dose tend to decrease at lower dose rates in
the case of sparsely ionizing radiations such as gamma-radiation.
However, ionizing radiation also produces othev> kinds of biological
effects in animals such as the death of selected types of non-
dividing cells, notably lymphocytes, spermatogonia (type B),
oocytes Cstage I) and differentiating neuroblasts. The dose-
response curves tend to be linear; that is to say, there is no
threshold dose below which the radiation-induced death of these
particular cell types is zero. In most cases, the effects of
low radiation doses on the health of the animal are zero because
the animal contains a large excess of the cells in question, so
that physiological functions in the animal are not impaired by
the 1oss of a small fraction of the total number of cells.
Moreover, the lymphocytes and spermatogonia Cthough not the
oocytes and neuroblasts) can be replaced by division of
the stem cells from which they are normally formed. The major
health effects resulting from this phenomenon are sterility of
the female after exposure of the ovaries to high radiation doses
and potential malformations of the central nervous system if
the developing fetus is exposed to modest radiation doses at a
critical stage of fetal development.

Recent preliminary reports in the literature suggest that
the radiation-induced death of lymphocytes in vitro is greater
per unit dose at low dose rates than at high dose rates.
Although these reports are still in a preliminary stage, it
seemed worthwhile to carry out an exploratory experiment at
CRNL to see if there was any evidence for a similar effect of
dose rate in the whole animal. In this exploratory study, we
are concentrating on changes in the weight of the thymus, spleen
and ovary after exposure of young female rats to gamma-radiation
at different dose rates. The experiments are in progress. Studies
of other potential health effects related to this type of cell
death are not planned unless the results of these preliminary
experiments provide some reason for doing so.

4.21 A COMPARATIVE STUDY OF CARCINOGENESIS BY DIFFERENT TYPES OF
IONIZING RADIATION
N.J. Gragtmans, D.K. Myers and L.D. Johnson

Since the last report (see PR-HS-7, Section 4.17) the animals
have been observed weekly for the appearance of mammary tumors.
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The number of tumors in each of the various treatment groups
(about 120 animals/group), up to 115 days post-treatment is
summarized below:

Treatment Number of Tumors

1.2 mCi (45 MBq) HTO/100 g 2
2.4 mCi (89 MBq) HTO/100 g 4
4.8 mCi (178 MBq) HTO/100 g 5
10.0 mCi (370 MBq) HTO/100 g 6
29.0 rads (0.29 Gy) chronic 200 kV
x-rays (239 h) 0

56.9 rads (0.57 Gy) acute 200 kV
x-ravs (lh) 2

57.2 rads (0.57 Gy) chronic 200 kV
x-rays (239 h) 3

110.3 rads (1.1 Gy) chronic 200 kV
x-rays (240 h) 3

178.3 rads (1.78 Gy) acute 200 kV
x-rays (1 h) 7

199.5 rads (2.0 Gy) chronic 200 kV
x-rays (240 h) 5

63.7 rads (0.69 Gy) acute Cobalt-60
gamma rays (1.2 h) 1

92.8 rads (0.93 Gy) chronic Cobalt-60
gamma rays (242 h) 0

Controls 0

In terms of incidence, each of the 12 mammary glands present in a
female rat seem to be affected at the same rate.. Tumors range
in rate of growth from fast growing to static and some are
regressing in size. Approximately 30-40% are cystic, while others
remain solid.

Upon reaching a size of 2^ cm in diameter, most tumors are
removed surgically (Nembutal anaesthesia) and the rat returned for
observation for a second tumor. Most tumors are well-encapsulated,
and removal is easy.

Each tumor will be classified histologically. Any metastases
will be noted during post-mortem of each rat.

Tritium concentrations in the first four groups of animals are
still being followed over prolonged periods of time.

Part of the financial support for the above study is being
provided by Ontario Hydro.
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4.22 FOLLOW-UP OF PAST CRNL EMPLOYEES
M.M. Werner, D.K. Myers and D.P. Morrison

An initial report on this study was given in a previous
progress report (PR-HS-6, Section 4.19). Work is progressing
satisfactorily on the compilation of the "Employee Identity
Summary" [Els) forms for past CRNL employees. M.M. Hanlon
and C.F. Jones of Office Services Branch have completed
approximately 8,500 forms and are now processing the forms
for surnames commencing with the letter R. It is estimated
that there are about 2,800 forms to be completed. Records
of radiation exposures and a few other items have not yet
been added to these forms.

Preliminary comparisons of the computer listings of
CRNL retired and terminated employees with the Statistics
Canada and Ontario records have allowed the identification
of cause of death in 415 cases to date. Table 1 shows the
results of this search. For the preliminary study, comparisons
were made with male and female deaths in 1978 in the Province
of Ontario, uncorrected for age or year of death. The CRNL
figures include approximately 5 percent female deaths (although
in April 3980 females made up 11.9 percent of the total work force
at CRNL).

TABLE 1. A Comparison of Cause of Death for Past CRNL Employees
With Total Male and Female Deaths in Ontario in 1978.

Cause of
Death

Cancers
Cardio-
vascular
di seases
Accidents
and
violent
deaths
Other

ICD
Code

140-239

390-458

800-999

Past CRNL
lotal
Number

90

227

36

62

Employees
Percent

21.7

54.7

8.7

14.9

Percent in
Males

21.9

48.3

10.1

19.7

Ontario
Females

23.2

52.2

5.7

18.9

The 90 cases where cancer has been identified as the cause
of death were examined to see if there was a predominance of any
one type of cancer. Comparisons were again made with 1978 male
and female deaths in Ontario. Preliminary results are shown in
Table 2. Indications from the table suggest that, in most,
but not all cases, the percentages for CRNL employees are similar
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to those for the population of Ontario. Little importance should
be attached to these prel.tmtnary data until such tfme as they
have been corrected for sex, for year of death and for age at
death.

TABLE 2. Comparison of the Types of Cancers Causing Death in Past
CRNL Employees with Hale and Female Deaths in Ontario.

Type of
Cancer

Buccal
cavity and
pharynx

Esophagus
and stomach

Large
intestine
including
rectum
Gall bladder
and b i le
ducts

Pancreas

Lung

Skin and
connecti ve
tissue

Breast

Genitourinary
organs

Eye, brain,
nervous system

111-defined
and multiple
sites

ICD
Code

140-149

150-151

153-154

156

157

162

171-173

174

180-189

190-193

195-199

Past CRNL
Total
Number

3

7

12

2

7

27

2

2*

12

4

3

Employees
Percent

3.3

7.8

13.3

2.2

7.8
30.0

2.2

2.2*

13.3

4.4

3.3

Percent
Males

3.2

8.2

14.1

1.0

5.1

31.0

1.8

0.2

14.5

3.3

3.8

in Ontario
Females

1.4

6.0

17.1

1.7

5.1

10.5

1.6

19.9

16.6

3.6

4.2

*The breast cancer data for past CRNL employees derive from females only.



- 81 -

TABLE 2. Comparison of the Types of Cancers Causing Death in Past
CRNL Employees with Male and Female Deaths in Ontario.
Ccont'd)

Type of
Cancer

Lympho-
sarcoma, and
reticulurn-
cell sarcoma,
Hodgkins
disease and
other neo-
plasms of
lymphoid
tissue

Multiple
myeloma
Lymphati c
leukemia
Other

ICD
Code

20Q-202

203

204

various
other code
numbers

TOTAL

Past CRNL
Total
Number

7

1

1

0

90

Employees
Percent

7.8

1.1

1.1

0.0

100

Percent
Males

3.2

1.5

1.3

7.8

100

in Ontario
Female

3.6

1.4

1.1

6.2

100

To confirm the accuracy of causes of death as listed in the
Stats Can and Ontario records, death certificates were examined for a
fraction of the total death records. In each case the written
information on the death certificate was correctly transcribed into
the ICD code. Table 3 shows the proportion of the death certificates
on which it was indicated that an autopsy had been carried out. From
an examination of Table 3 it can be seen that autopsies are conducted
in about 30 percent of all deaths but only in 10 percent of cases
where cancer is listed as the cause of death. It would thus be
difficult to confirm causes of death by an examination of autopsy
records in most cases; other methods of confirmation may, however, be
available in some instances.
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TABLE 3, Causes of Death from Death Certificates and Autopsy Records.

Cause of Cancers Cardiovascular Accidents and Other Total
Death Disease Violent Deaths

Death 14 42 4 11 71
Certificates
Autopsies 2 16 3 . 2 23

This work forms part of a larger study on the health of AECL
employees which is being coordinated by Dr. J.L. Weeks, WNRE.
We are greatly indebted to Martha E. Smith and 0. Silins of Statistics
Canada, Ottawa, and to the Office of the Registrar General, Toronto,
for invaluable assistance in obtaining the above information.

4.23 ASSESSMENT OF RADIATION HAZARDS TO HUMAN POPULATIONS
D.K. Myers

The major effort in this area during the past quarter has been
devoted to preparation and review of documents for the AECB Sub-
committee on Risk Estimates and review of documents for the United
Nations Scientific Committee on the Effects of Atomic Radiation.
A paper on "Carcinogenic Potential of Various Energy Sources" was
prepared in collaboration with Drs. N.E. Gentner, J.R. Johnson
(Biomedical Research) and R.E.J. Mitchel; this paper was presented
at an IAEA Symposium, June 22-26, in Nashville.

4.24 PUBLICATIONS

N. Torben Bech-Hansen, Brenda M. Sell, John J. Mulvihill and Malcolm
C. Paterson. Association of in vitro Radiosensitivity and Cancer in
a Family With Acute Myelogenous Leukemia. Cancer Res. 41: 2046-2050
(1981). ~~

N.T. Bech-Hansen, W.A. Blattner, B.M. Sell, E.A. McKeen, B.C. Lampkin,
J.F. Fraumeni, Jr., and M.C. Paterson: Transmission of in vitro
Radioresistance (RR) in a Cancer Family With a Spectrum of Tumor
Types (Abstract). Proc. 72nd Annu. Meet. Amer. Assoc. Cancer Res.
22: 42, 1981.
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4.24 PUBLICATIONS

P.V. Hariharan, S. Eleczko, B.P. Smith and M.C. Paterson: Normal
Rejoining of DNA Strand Breaks in Ataxia telangiectasia Fibroblast
Lines After Low X-ray Exposure. Radiation Res., 86, 589-597
(1981).

M.C. Paterson: Xeroderma pigmentosum and Ataxia telangiectasia:
Two Inherited Cancer-prone Disorders Involving Anomalous DNA
Repair and Replication After Carcinogen Exposure (Abstract).
Abst. of International Meeting on DNA-Repair, Chromosome
Alterations and Chromatin Structure, Noordwijkerhout, The
Netherlands, 1981 April 23-25, p. IV/I.

M.C. Paterson, P.J. Smith and N.T. Bech-Hansen: Human Cancer
prone Conditions Involving Carcinogen Hypersensitivity and DNA
Repair Deficiency (Abstract). Absts. of Symposium on Host
Factors in Human Carcinogenesis, Cape Sounion, Greece, 1981
June 08-11, p. II.

N.E. Gentner: Both Caffeine-induced Lethality and the Negative
Liquid Holding Effect, in UV- or Y-irradiated Wild-type
Sahisosaaaharomyoes pombe, are Consequences of Interference
With a Recombinational Repair Process. Molec. gen. Genet.
181, 283-287 (1981). AECL No. 7182.

D.K. Myers, N.E. Gentner, J.R. Johnson and R.E.J. Mitchel:
Carcinogenic Potential of Various Energy Sources (Abstract),
IAEA Symposium on Health Inpacts of Different Sources of Energy.

D.K. Myers and D.P. Morrison: Follow-up of Past Employees of
CRNL (Abstract). Proc. Can. Rad. Prot. Assoc. meeting, Ottawa,
1981 May 5.

P.J. Smith, M.H. Greene, D.A. Devlin, E.A. McKeen and M.C. Paterson:
Unusual Sensitivity to Carcinogens in Cultured Fibroblasts From
Individuals With Hereditary Cutaneous Melanoma (HCM) and Dysplastic
Nevus Syndrome (Abstract). Cancer Res., 22: 279, (1981).

P. Unrau, D.P. Morrison and N.E. Gentner: Poster Session "Repair"
Systems and Replication Fidelity in Yeasts - A Role for Modified
Basis, at Gatlfnburg Symposium on Cellular Mechanisms of Mutagenesis,
April 6-9, 1981.

H.C. Birnboim and J.J. Jevcak: Fluorometric Method for Rapid
Detection of DNA Strand Breaks in Human White Blood Cells Produced
by Low Doses of Radiation, Cancer Research 41,, 1889-1892, 1981.
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4.25 VERBAL PRESENTATIONS

4.25.1 Lectures or Seminars

H.C. Birnboim. A Model Which Implicates Phagocytes in Tumor
Promotion by Phorbol esters. Mutagenesis Gathering, May 12-
13, 1981 at Carleton University, Ottawa. Invited speaker.

N.T. Bech-Hansen, W.A. Blattner and M.C. Paterson. Transmission
of in vitro Radioresistance in Cancer-prone Family. Mutagenesis
Gathering, May 12-13, 1981 at Carleton University, Ottawa.

R.E.J. Mitchel and D.P. Morrison: A Comparison Between Oxygen
Modification of Free Radical Damage Resulting in Lethality or
Gene Conversion in Saccharomyces cerevisiae, presented to
Radiation Research Society in Minneapolis, Minnesota, 1981
May 31 to June 4.

R.E.J. Mitchel and D.P. Morrison: Heat Shock Induction of
Ionizing Radiation Resistance in Saccharomyces cerevisiae.
presented to North American Hyperthermia Group Meeting,
Minneapolis, Minnesota, 1981 May 31.

D.K. Myers: Follow-up of Past Employees of CRNL, Canadian
Radiation Protection Association, Ottawa, 1981 May 5.

D.K. Myers: Radiation Effects, Northwest Territories Legislative
Assembly, Hay River, 1981 May 22.

M.C. Paterson: Xeroderma pigmentosum and Ataxia telangiectasia:
Two Inherited Cancer-prone Disorders Involving Anomalous DNA
Repair and Replication After Carcinogen Exposure, presented at
International Meeting on DNA-Repair, Chromosome Alterations and
Chromatin Structure, Noordwijkerhout, The Netherlands, 1981
April 23-25.

M.C. Paterson; Co-Chairperson of session on Biology and Genetics
I: Genetics at 72nd Annual Meeting of the American Associates
for Cancer Research, Washington, D.C., 1981 April 27-May 2.

M.C. Paterson: Human cancer-prone Conditions Involving
Carcinogen Hypersensitivity and DNA Repair Deficiency,
presented at the Symposium on Host Factors in Human
Carcinogenesis, organized by the International Agency for
Research on Cancer, Cape Sounion, Greece, 1981 June 08-11.

M.C. Paterson: Heritable Carcinogen - Sensitive and DNA Repair -
Deficient Disorders in Man, delivered the Malcolm Brown Memorial
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4.25.1 Lectures or Seminars

Award at the 24th Annual Meeting of the Canadian Federation of
Biological Societies, Montreal, Quebec, 1981 June 15-19.

P. Unrau and D.P. Morrison, The Role of "repair" Genes in
Replication Fidelity, presented at Mutagenesis Gathering,
Ottawa, 1981 May 12-13.

4.25.2 Local Talks

N.E. Gentner: Radiation and the Origin and Evolution of Life,
presented at CRNL Science Teacher's Seminar, 1981 April 4.

D.K. Myers, H.C. Birnboim and R.V. Osborne: Forum on Research
into the Biological Effects of Radiation, presented at
CRNL Science Teacher's Seminar, 1981 April 3.

R.E.J. Mitchel: Oxygen Effects and Free Radical Damage in
_S. cerevisiae, presented to Branch, 1981 April 23.

R.E. Mitchel: Radiation-Induced Free Radicals and their
Effects on Living Cells, presented to Concordia University
Students visiting CRNL, 1981 May 01.

R.E.J. Mitchel and D.P. Morrison: Informal Review of Data on
Dosimetry at Hiroshima and Nagasaki that were Presented at the
Radiation Research Society Meeting on May 31-June 4, presented
as a Radiation Biology Branch Seminar, June 9 at CRNL.

D.K. Myers: Discussion of Radiation Effects, presented to
Federal Conservative Members of Parliament visiting CRNL
1981 April 13.

D.K. Myers: Biological Benefits and Hazards of Radiation,
Informal Course in Radiation Protection Procedures, held at
CRNL April 27-May 01. Talk presented April 28.

D.K. Myers: Functions of Radiation Biology Branch, presented
to Concordia University Students visiting CRNL 1981 May 01.

D.K. Myers: Radiation Biology, presented to Canadian Radiation
Protection Association visitors at CRNL 1981 May 07.

D.K. Myers: Radiation Biology and Biomedtcal Research at CRNL,
presented to R&D Program Committee held at CRNL, 1981 June 17.
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4.25.2 Local Talks

M.C. Paterson: Defective DNA Repatr in Humans and Predisposition
to Cancer, presented to Concordia University Students at CRNL
1981 May 01.

M.C. Paterson: Causes of Human Cancer, presented to the
Pembroke-Petawawa Construction Association, Petawawa, 1981
April 02.

M.C. Paterson: Cancer Research at CRNL, interviewed on CBC
Ontario Morning Program, 1981 May 15.

M.C. Paterson: Causes of Human Cancer, presented to CRNL
Clerical Staff, CRNL, 1981 May 20.

M.C. Paterson: Accumulation of Novel Sites in DNA of UV-damaged
Xeroderma Pigmentosum Group D Cells, presented to Radiation
Biology Branch Staff, 1981 June 25.

P. Unrau and P..1- Smith: Review of the Gatlinburg Symposium on
Cellular Mechanisms of Mutagenesis, presented to Radiation
Biology Branch, CRNL, 1981 April 9.

4.26 INVITED SPEAKERS

Dr. P. Nicholls, Brock University, St. Catherines - The Action
of Sulfide as a Substrate and Inhibitor of the Cytochrome
System , 1981 May 26.

Dr. T.J. Slaga, Oak Ridge National Laboratory, Oak Ridge -
Studies on the Multistage nature of Promoters in Mouse
Skin, 1981 June 15.

Dr. B.R. Hollebone, Carleton University, Ottawa - Chemical
Toxicology of Uranium in the Liver, 1981 June 19.
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5. BIOMEDICAL RESEARCH BRANCH

by

J.R. JOHNSON

5.1 STAFF

5.2 BIOASSAY LABORATORY

5.2.1 Bioassay Analyses Tables

5.2.1.1 Personnel of CRNL
5.2.1.2 Personnel of Commercial Products
5.2.1.3 Personnel of Other Organizations
5.2.1.4 Environmental and Process Sample Analyses
5.2.1.5 Distribution of Tritium Exposure at CRNL
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5.1 STAFF

Branch Head

Secretary L.A. Kaden

Professional J.R. Johnson
6.H. Kramer
B.F. Peterman

Technical D.F. Autayo
I.M. Christie
D.W. Dunford (1)
S.E. Gardner
A, Hesketh

Clerical M. Gresham (Part-time)

5.1.1 Summer Students

S. Joseph - University of Toronto, Toronto, working with
G.H. Kramer, reported for work 1981 May 04.

M. Cook - Queen's University, Kingston, replacing I. Christie,
reported for work 1981 May 06.

S. Steel - University of Toronto, Toronto, working with
J.R. Johnson, reported for work 1981 May 11.

5.2 BIOASSAY LABORATORY - J.R. Johnson

5.2.1 Notes to Tables 5.2.1.1 - 5.2.1.4

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

(1) Joined Branch 1981 June 29
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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 , 32P, 3 5S, 63Ni and N a tPb.

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

5.3 IN VIVO MONITORING - J.R. Johnson

5.3.1 In Vivo Monitoring Table - Table 5.3.1

5.4 RADIOCHEMICAL SEPARATIONS - G.H. Kramer

5.4.1 Chiorine-36

A multitude of problems have been encountered in the analysis
of chlorine-36 in urine. The analysis is performed by first
removing phosphates and sulfates from a spiked urine sample. The
chlorine-36 is recovered as AgCl/ \ which is formed by the addition
f A N 0 (S)

Unfortunately, AgCl is photosensitive and much of the work
must be done under low light conditions to avoid the photodecom-
position reaction:

AgCl(£) + Ag ( s ) + d »

This reaction is accelerated by the presence of water and severely
inhibited in the dried sample. Consequently, liquid scintillation

t 1 Ci = 3 7 GBq



Table 5.2.1.1

Bioassay Analyses

PERSONNEL OF CHALK RIVER NUCLEAR LABORATORIES

1981

; 3-emitters (2)

! Tritium (3)

• Iodine (4)

Y-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
1 (6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

MARCH

TOTAL

310
219

552
234

82
46

279
197

13
9

6
6

0
0

1242
7

Positive

Number

0
0

2
2

0

0
0

0
0

0
0

-

2
2

' (1)

%

0
0

0.4
0.9

0

0
0

0
0

0
0

-

APRIL

TOTAL '

219
142

362
228

58
38

211
139

18
14

13
12

3
3

884
3

Positive

Number

0
0

0
0

0

0
0

0
0

0
0

: o
0

1

0
0

(1)

%

0
0

0
0

0

0
0

0
0

0
0

0
0

0

MAY

TOTAL

238
170

418
251

51
30

273
166

13
11

4
4

2
1

999
8

Positive

dumber

0
0

0
0

0

0
0

0
0

0
0

0
0

0
0

(1)

%

0
0

0
0

0

0
0

0
0

0
0

0
0

0

TOTALS

TOTAL

767
531

1332
713

191
114

763
502

44
34

23
22

5
4

3125
18

Positive

Number

0
0

2
2

0

0
0

0
0

0
0

0
0

2
2

(1)

%

0
0

0.15
0.3

0

0
0

0
0

0
0

0
0

0.06



Table 5.2.1.2

Bioassay Analyses

PERSONNEL OF COMERCIAL PRODUCTS

1981

^-emitters (2)

Tritium (3)

Iodine (4)

Y-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

MARCH

TOTAL

7
7

0
0

21
13

20
17

CO 
CM

0
0

00
 

00

59
4

Positive

Number

0
0

-

0

0
0

0
0

^

0
0

0
0

(1)

%

0
0

0

0
0

0
0

0
0

0

APRIL

TOTAL '

10
10

1
1

17
14

30
26

0
0

0
0

ooo

68
6

Positive

Number

0
0

0
0

0

0
0

-

-

0
0

0
0

(1)

%

0
0

0
0

0

0
0

-

-

0
0

0

TOTAL

11
11

0
0

12
9

33
27

1
1

0
0

9
9

66
12

MAY

Positive

Number

0
0

-

0

0
0

0
0

—

0
0

0
0

(1)

%

0
0

_

0

0
0

0
0

-

0
0

0

TOTALS

TOTXL

28
28

1
1

50
36

83
70

4
3

0
0

27
25

193
22

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



Table 5.2.1.2

Bioassay Analyses

PERSONNEL OF COMERCIAL PRODUCTS

1981

^-emitters (2)

Tritium (3)

Iodine (4)

y-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

MARCH

TOTAL

7
7

0
0

21
13

20
17

3
2

0
0

00 
00

59
4

Positive

Number

0
0

-

0

0
0

0
0

^

0
0

0
0

(1)

%

0
0

0

0
0

0
0

0
0

0

APRIL

TOTAL '

10
10

1
1

17
14

30
26

0
0

0
0

oo
o

68
6

Positive

Number

0
0

0
0

0

0
0

-

0
0

0
0

(1)

%

0
0

0
0

0

0
0

-

-

0
0

0

MAY

TOTAL

11
11

0
0

12
9

33
27

1
1

0
0

9
9

66
12

Positive

Number

0
0

-

0

0
0

0
0

:

0
0

0
0

(1)

%

0
0

0

0
0

0
0

-

0
0

0

TOTALS

TOTXL

28
28

1
1

50
36

83
70

4
3

0
0

27
25

193
22

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



Table 5.2.1.3

Bioassay Analyses

PERSONNEL OF OTHER ORGANIZATIONS

1981

g-emitters (2)

Tritium (3)

Iodine (4)

Y-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

MARCH
1

TOTAL

0
0

0
0

oo 
o 

o

0
0

0
0

11
11

11
0

Positive

Number

:

-

-

-

0
0

0
0

(1)

%

-

-

: o
0

0

APRIL .

TOTAL '
Positive (1)

Number

NO
SAMPLES
RECEIVE!

IN
APRIL

%
TOTAL

0
0

0
0

0
0

20
20

0
0

0
0

0
0

|
1

20
0

MAY

Positive (1)

Number

:

0
0

-

%

-

-

0
0

-

_

! -

0
0

1 o

t

TOTALS

TOTAL

0
0

0
0

0
0

20
20

0
0

0
0

11
11

31
0

'ositive

Number

-

0
0

-

-

0
0

0
0

(1)

%

-

-

0
0

_

-

0
0

0



Table 5.2.1 .4

ENVIRONMENTAL AND PROCESS SAMPLE ANALYSES

1981

AECL

Trit ium
a-emitt ing actinides
e-emitters
y-emitters
Urani um

OTHER ORGANIZATIONS

Trit ium
a-emitt ing actinides
8-emitters
Y-emitters
Uranium

TOTALS

MARCH

327
0
0
0
0

327

APRIL

311
1
0
1
2

NO SAMPLE!

FROM (

ORGANi;

315

MAY

324
7
4
4
8

5 RECEIVED

)THER

ZATIONS

347

TOTALS

962
8
4
5

10

989



Table 5.2.1.5

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1981 APRIL 01 - JUNE 30

RIS
NRU
NRX

! CHEM OPS
MECH SERV

1 EIP
WEP
LOOPS
ARD "
MISC
TERM

TOTALS

% of Persons

0-49
mrem

61
62
40
15
55
34
8
1
17
11
0

304

76.8

50-99
mrem

9
32
1
5
11
0
3
1
2
1
2

67

16.9

100-199
mrem

0
6
0
13
3
0
0
0
0
0
0

22

5.6

NUMBER

200-299
mrem

0
0
0
2
0
0
0
0
0
0
0

2

0.5

OF TESTED

300-399
mrem

0
0
0
0
0
0
0
0
0
0
0

0

CO

PERSONS IN

400-499
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

GIVEN DOSE RANGES

500-999
mrem

0
0
0
0
1
0
0
0
0
0
0

1

0.3

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

70
100
41
35
70
34
11
2
19
12
2

396

Total
mrem
1315
4783
172

2864
3041
504
393
66
204
124
157

13624

100

in

NOTES TO TABLE ABOVE

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

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

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



Table 5.3.1

IN VIVO MONITORING

1981 MARCH - MAY

NRU
NRX
E.I.& P.
R.& I.S.
Reactor Loops
Fuels and Materials
N.E.& P.
Special Projects
Mechanical Services
NPD
Advanced Projects and

Reactor Physics
E.I.& C.
Chemistry & Materials
Health Sciences
Miscellaneous
Retirements & Terminations
Environmental Samples

Whole Body Monitoring

Number*

71
8
12
71
22
26
25

No. Positive

11
4

6
1

1
2
6 : 1
1 . i

' 7 ;

2
' 3
6
33
28
12

Lung Monitoring

Number*

1
5

5
1

1

No. Positive

1 ;

1

Other Monitoring

Number*

2

2

No. Positive

1

1

Clothing Monitoring

Number*

71
8
10
68
20

24

5

No. Positive

15
6
3
8
8

1

1

I

NOTES:

* Number - Number of people monitored in period
1) Greater than 10 nCit of isotopes emitting gamma rays above 100 keV.
2) Any measurable amount of alpha-emitting isotopes.
3) Any results that indicate a minor or greater contamination (i.e. > 10 nCit of 1 2 5 I , etc).

t 1 Ci = 37 GBq
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counting is not possible and planchets must be sealed to avoid
detector contamination. In the early development of this method,
the detector window of the planchet counter was badly contaminated,
presumably by chlorine-36 or the reaction of Cl2 with the surface.
As stated above, this problem has been eliminated by sealing the
planchet in the planchet holder using saran wrap. No noticeable
effect on the counting efficiency (s 10-20%) was observed.

A further problem was the material of the planchet. It was
found that the Al dishes catalysed the above reaction and also
reacted with the precipitate directly:

H2°
3AgCl + Al *• 2Ag + Al 3 + + 3 C T

Stainless steel planchets are now used and the problem overcome.

Sample size is also a problem. A day's urine, from Reference
Man, contains 4.4 grams of chlorine which is equivalent to 17.8
grams of AgCl. This mass is difficult to handle and would have a
very low counting efficiency. Optimization experiments and
calculations have yielded different answers due to the precipitation
of a number of Ag-organic compounds increasing the observed weight
of the precipitate. The optimum sample size has been found to be
200 mL which yields a precipitate of 3.1 grams (expected weight for
Reference Man is 2.5 grams). Chlorine-36 recovery is greater than
70%.

Preliminary cross-contamination studies indicate that
phosphorus-32 is carried through the method in small amounts, 0.03%,
and sulphur-35 is carried through the method in apparently higher
quantities, 3%. Experiments in progress will verify this.

The sensitivity of this method is, at present, a factor of 5
greater than the existing bioassay procedure and further work is
expected to improve this.

5.4.2 Technetium-99

The analysis of technetium-99 in urine is being developed.
The spiked urine sample is not vigorously ashed to prevent loss of
the volatile Tc2O7 species. The oxidation state of Tc is adjusted
by heating the urine with potassium persulphate. Technetium-99
is coprecipitated with CuS, the precipitate is washed and
redissolved in NHi,0H/H202(5:l) and the Cu z + ions removed by a
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cation exchange resin. The Tc-99 is extracted into 2-butanone
and the organic layer is dried on a planchet suitable for beta
counting. Counting efficiency of sources prepared in this way
is approximately 25%.

This method, which is still under development, is giving
recoveries of Tc-99 that are greater than 65%.

5.4.3 Actinide Analysis

The problem of erratic recoveries of plutonium and neptunium
has been found to be valence state instability. Both of these
radionuclides have been found in the americium and thorium
fractions which precede the elution of plutonium and neptunium
from the anion exchange column.

Americium recoveries were found to be essentially 100%.
Preliminary results indicate curium can be recovered in
amounts in excess of 50%.

5.4.4 Gross Alpha Method

The method in current use by the Bioassay Laboratory for
estimating the gross alpha activity in urine has been examined
using Am-241, Pu-239, Np-237, Cm-244 and Th-Nat. The recoveries
were as follows:

Cm
Am
Np
Pu
Th

Method

78 ±
72 ±
45 +
99 +

(109 ±

1

10
11
21
14
12)

Method 2

70
98
55
88
(57

±
±
±
±
±

10
7
13
16
31)

Method 1 is the existing method, method 2 was a slight
modification which leaves some organics in solution; however,
this modification increases the filtering time considerably
making the whole procedure too long. These results do indicate
that the organics can have a significant effect on the final
recovery, i.e. Am and Th.

Alpha spectrometry of some of the Th plates indicates that
some daughter radionuclides are also coprecipitated. Calculations
show that the recoveries quoted above should be decreased by
approximately 10-15%; nevertheless, the adjusted recoveries are
still acceptable.
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5.5 METABOLIC STUDIES

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

The literature review has been completed and the report and
data tables are being prepared. The review will contain results
from 689 references with perhaps a few late additions.

5.5.2 Technetium Retention - J.R. Johnson

The long-term retention of technetium in man is of importance
as "Tc (tj = 2 x 10s a) is present in high level waste and this
element appears to be readily transported through the environment
to man. Earlier experiments by others in both man and experimental
animals have shown the existence of some long-term retention, and
experiments in rats indicate that it may be in the thyroid. ICRP
(Publication 30) has assumed that there is no long-term thyroid
retention.

Forty young adult male rats have been injected with 95mTc as
pertechnetate and the concentrations of this radionuclide in the
various tissues are being studied by serial sacrifices. Preliminary
results indicate that a small fraction of the injected activity
is retained in the thyroid with a very long half-life. Another
interesting finding is that most of the activity is retained in
the rat hair, and that this retention is not related to hair growth
or loss. Two "hairless" rats that were injected had a
considerably lower total retention than normal rats. The experiment
is continuing.

5.5.3 Carbon

A primary study to help assess the long-term retention of
lhC in man following exposures to C02 is being done by injecting
rats with 1"C as carbonate. Tissues and bone will be analysed
for llfC. No results on this study are yet available.

5.6 METABOLIC MODELS AND INTERNAL DOSIMETRY

5.6.1 Federal-Provincial Working Party on Bioassay and In Vivo
Monitoring Criterfa*

The guideline for tritium has been sent out to various
interested persons for review and comment. Guidelines for
iodine and uranium are at various stages of preparation.
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5.6.2 WHO Working Group on Health Implications of High Level
Waste Disposal

The report based on the discussions that took place in
Bruges, June 1980, has been reviewed and detailed comments on
the health effects and criteria for high level waste disposal
sent to the Scientific Secretary.

5.6.3 NEA Group of Experts on Radon and Thoron Daughter Dosimetry

A paper describing the work of a subgroup of this Group
of Experts is being prepared for presentation at a conference
on uranium mining to be held in Golden Colorado, 1981 October 04-09.

5.6.4 Bone Dynamics

The model describing alkaline earth metabolism in adults is
being extended to include ages from birth to adulthood. This
extension requires knowledge of the age dependence of bone
remodelling during growth. Information on this subject is being
extracted from the published literature.

5.6.5 Fetal Iodine Metabolism

The age dependent model describing iodine metabolism has
been extended to include the fetus. Doses to the fetal thyroid
from intakes of radioiodine by the mother have been calculated.
A paper describing this work has been submitted to Health Physics.

5.7 PAPERS, REPORTS, PRESENTATIONS

5.7.1 Presented Papers

Johnson, J.R., Avadhanula, M.R., Biggs, D., Measures, M., Pomroy, C ,
Chatterjee, R.M., Horyath, F., Healey, G. and Stocker, H. -
"Comparison of Retention and Excretion of Uranium as Calculated from
the ICRP Models with Actual Data Collected from Uranium Fuel
Fabrication Workers". Presented at the Canadian Radiation Protection
Association Annual General Meeting, Ottawa, Ontario, 1981 May.

Johnson, J.R. - "Internal Dosimetry: Then and Now". Presented at
the Canadian Radiation Protection Association Annual General
Meeting, Ottawa, Ontario, 1981 May.

Johnson, J.R. and Kramer, G.H. - "A 63Ni Contamination Case".
Presented by G.H. Kramer at the Health Physics Society Annual
Meeting, Louisville, Kentucky, 1981 June.
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Myers, D.K., Gentner, N.E., Johnson, J.R. and Mitchel, R.E.J -
"Carcinogenic Potential of Various Energy Sources", International
Atomic Energy Agency, Report IAEA-SM-254/02. Presented by
N.E. Gentner at the International Symposium on Health Impacts of
Different Sources of Energy, Nashville, Tennessee, 1981 June.

5.7.2 Reports

Kramer, G.H. and Davies, J.M. - "The Sequential Separation of
Strontium-90, Yttrium-90, Promethium-147 and Cerium-144 from Urine
and their Subsequent Estimation", Atomic Energy of Canada Limited,
Report AECL-7227 (1981)

Kramer, G.H. - "The Optimization of the Separation and Measurement
of Nickel-63 in Urine", Atomic Energy of Canada Limited, Report
AECL-7248 (1981)

Kramer, G.H. - "Users' Manual for the Tritium Dose Reporting
Programs", CRNL-2108 (1981)

5.7.3 Informal Lectures

Kramer, G.H. - "The Biomedical Research Branch". Presented to
visiting CRPA members, CRNL, 1981 May 07.
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6. MEDICAL BRANCH

by

D.W.S. Evans

6.1 STAFF

6.2 CLINIC PROCEDURES

6.2.1 Occupational Accident and Illness
6.2.2 Non-Occupational Accident and Illness

6.3 CLINIC VISITS BY WORK CATEGORIES

6.4 BREAKDOWN BY INTERNATIONAL CODE

6.5 MEDICAL EXAMINATIONS

6.6 NON-OCCUPATIONAL ABSENTEEISM

6.7 LABORATORY PROCEDURES

6.7.1 X-Ray Department
6.7.2 Haematoiogy
6.7.3 Urine

6.8 TOTAL HOSPITAL PROCEDURES



6.1 STAFF

Branch Head
Secretary
Professional
Nurses

Medical Technicians
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D.W.S. Evans
V.A. Schizkoske
J.J. Meenan1

A. Kinloch
J. Williams
M. Plattner
J. Shaw

2Dr. Meenan joined the Branch 1981 June 01,

6.2

6.2.1

CLINIC PROCEDURES

Occupational Accident and Illness

AECL
RaTe

Female

Others
Male

Female

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

March

29
20
39

3
10
TT
2

~2

April

25
19
44

1
2

~3

—

May

32
15
47

3

—

Total

140

19

2

Grand
Total

6.2.2 Non-Occupational Accident and Illness

161

AECL
HaTe

Female

Others
Male

Female

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

325
197
522"

29
22
5T

21

2T

8
4
12

300
195
495

31
19
50

3
_-
"3

1
4
T

283
178
46T

51
31
82

6
2
"8

3
2
~5

1478

183

32

22
1715
1876
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6.3 CLINIC VISITS BY WORK CATEGORIES

6.4

March April
Staff P.R. Staff P.R.

H

AECL
CfiaTk River Env. Auth. 1

Quality Assurance 40
Tech. Info. & Urn"v. Rei.
Administration

Finance 20 6
Commercial Operations

Operations 103 272
General Services
Maintenance & Construction
Plant Design

Health Sciences 31 —

Chemistry 4 Materials 33

Physics 27 —

Applied Research & Dev't 88
343 292

Others
Crawley A McCracken, 35
Attached Staff, etc.

BREAKDOWN BY INTERNATIONAL CODE

28 11

23

11 --

31 --

17 ~

109 -
309 283

8

May
Staff P.R. Total

1 — 2

38 12 143

4 28 4 85

90 268 96 220 1049

37

22

37

98
357

13

79

86

81

— 295
236 1820

56
1876

Infective and parasitic diseases
Neoplasma
Al lerg ic , endocrine system, metabolic and

nutr i t ional 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

March

2
101

2

52

57
140
10

36

7

407

Grand
April May Total

1
1 1

105 111

1 ~

1
4

317

1

1 2 5

35 32 119

68 49
140 113

6 8
26 13

1
4 4

174
393
24
75

1
15

387 335 1129
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6.4 BREAKDOWN BY INTERNATIONAL CODE (continued)

6.5

6.6

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
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

March

ought

2
56
23

88-
9
40
22
24

1
12
4

6

1
288

April

forward

43
29

71
4
37
12
17

1
8
7

5

234

May

1
60
17

75
9
40
9
40

9
12
3

12

1
288

Grand
Total

1129

3
159
69

234
22
117
43
81

11
32
14

23

2
1939

MEDICAL EXAMINATIONS

AECL
RaTe

Female

Others
Male

Female

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

7
—
T

—
_._
5
1
T
2
1
3

19
7
26

71
7
18"

6
1
~7

—

65
18
83

30
14
44

5
2
T
1
—
1

Grand
March April May Total Total

116

62

20

202
NON-OCCUPATIONAL ABSENTEEISM

March April May
Male Female Male Female Male Female Total

Chalk River Env. Auth. 1 1
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NON-OCCUPATIONAL ABSENTEEISM (continued)

6.7

6.7.1

Total brought forward

Quality Assurance
Tech. Info. & Univ. Rel
Administration

Finance
Commercial Operations

Operations
General Services
Maint. & Const.
Plant Design

Health Sciences

Chemistry S Materials

Physics

App. Res. 4 Dev't .

LABORATORY PROCEDURES

X-Ray Department

AECL
Male - Routine

- Special

Female - Routine
- Special

Others
WaTe - Routine

- Special

Female - R o u t i n e
- Special

March
Male Female

—

35%

29%

296%

80

55

58%

227
782

1

48

25%

79%

23%

9%

10

April
Male Female

—

21

31%

231%

45%

24

59

167%
580

March A

24
21
45

4
1
5

1
=T

1

2

48%

23

72%

16

5

8%

40
2T5%

pril

20
13
33

2

—

Male

1

23%

53

230

41%

24%

86%

ift

May

12
10
22

1
2
3

1
1

—

lay
Female

--

49

53%

63

7%

12

19%

22T*

Total

100

10

2

Total

4

225%

216

973

214

130

242

681
2685%

Grand
Total

113
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6.7 LABORATORY PROCEDURES (continued)
Total brought forward

113
6.7.2 Haematology

6.7.3

AECL
Male

Femal e

Others
MaTe""1

Femal e

Urine

AECL
Male

Female

Others
Male

Femal e

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

6.8 TOTAL HOSPITAL PROCEDURES

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

Grand
March April May Total Total

496

147

70
75
145

11
13
24

_—

~

67
2

69

10
2
12

—

—

--

—

670
302
16
7

26
55
17

1093

117
131
248

36
40
76

3
3

~6

2
2
T

115
4

TT9

34
__
34

3

~3

2

~2

600
527
51
4

40
no
28

1360

84
19

103

'41
6
47

2
1
3

83
7

90

38
__
38

2

T
—
—

606
309
135
4
35
19
20

1128

278

84

656

369
1138
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