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1. HEALTH SCIENCES DIVISION SUMMARY

A.M. Marko

Health Physics

Calculations of absorbed doses and dose equivalents
produced in a cylindrical tissue equivalent phantom of the
type developed at Oak Ridge National Laboratory have been
carried out using up-to-date nuclear data and in greater
detail - 27 energy points up to 15 MeV - than was previously
available.

New calculations of quality factors for monoener-
getic neutrons up to 6 MeV have been completed and will be
continued to higher energies.

Testing of the proportional counter neutron
spectrometer is in progress with satisfactory results. The
system which includes a compact pulse height analyzer and
data storage facilities forms a single mobile assembly which
will be useful in field measurements, e.g., in studying the
neutron fields in the immediate vicinity of reactors.

Examination of the characteristics of a new TL
dosimeter which uses MgB^yiDy and LiF:Mg, Cu phosphors
for effective dose equivalent and skin dose estimates has
continued and generally satisfactory performance has been found.

Ten prototype models of the simple, light-weight
tritium-in-air monitor have been built and calibrated for a series
of field trials by various users and construction of an installed
tritium monitor using permeable membranes which will allow the
separate evaluation of HT and HTO concentrations is proceeding on
schedule.

Further tests on the use of permeable membranes to carry
HTO samples into liquid scintillator have shown that there is
little difference in the relative HT/HTO permeation rates between
the air-to-air system and an air-scintillator system. However, an
air-scintillator system offers the possibility of better
discrimination against radioactive noble gas contamination by
virtue of the pulse height analysis which may be done on the
output of a scintillation counter.

Further work has been done on the optimization of the
weighting factors for a 4-channel pulse height analyzer (and
7-scintillation counter) to obtain estimates of the "Ci-MeV",
i.e., the dose response of a noble gas analyzer for exhaust air.
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Methods of providing improved dead-time corrections for
counters such as GM tubes whose high exposure response is limited
by dead-time are being evaluated. In particular, since the actual
dead-time will vary from one counter to another and will change
with counting rates, methods are being examined which derive tho
dead-time from the output pulse interval distribution.

A report on modelling of the movement of radionuclides in
the environment has been prepared for the National Planning Group
on Uranium Tailings Research. It suggests that the initial phase
of a national program should emphasize data accumulation and impact
assessment of a few selected tailings sites.

Environmental Research

The organic components of natural and contaminated
groundwaters from the Perch Lake drainage basin have been
fractionated using High Performance Liquid Chromatography (HPLC)
columns and equipment available in the General Chemistry Branch.
The HPLC has separated several ultra-violet absorbing components
from the contaminated groundwater that were not present in
uncontaminated samples. Cobalt-60 appears to be associated
preferentially with some of these fractions.

Studies on the nature and stability of the
complex in the contaminated groundwater have been made by
examining the exchange of 60co with added 57^0 over a
four-week period. It was found that: (a) very little exchange of
Co nuclides occurred and (b) the total complexing capacity of the
groundwater for Co was surprisingly low. The results show that
the 60Co complex in the groundwater is stable with respect to
substitution or exchange - at least in the short term.

A study of dry deposition of aerosols tagged with
sulphur-35 was carried out at CRNL in cooperation with the
Atmospheric Environment Service, Environment Canada. Several
experiments were done to obtain a quantitative relationship
between particle deposition and air concentration as a function of
particle size and meteorological conditions. The results will be
used in models of long-range transport of air pollution and acid
rain.
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Different background counts have been found for each
accelerator run for the determination of small amounts of 14c
in environmental samples. It is believed that the background
arises from cracking of near-contemporary carbonaceous molecules
at the sample orifice by the Cs+ beam. A cold trap installed
near the source to reduce residual hydrocarbons in the vacuum
system collected condensate but did not reduce the background.

The freshwater clam Elliptio complanatus was
successfully maintained throughout the winter in heated
experimental tanks. Normally, during winter, clams are dormant in
lake sediments, but under these experimental conditions they
carried out physiological functions and grew as well. Tank
culture will enable studies of feeding rates and radionuclide
accumulation to be made under controlled conditions. Initial
tests have been made with unicellular algae (Chlorella) labelled
with 59 P e.

Pulsed radar profiling of the overburden near two waste
management sites at CRNL was completed in early March. Field
results look promising and the contractor is currently analyzing
and compiling the results. These tests could result in a rapid
field technique for profiling the groundwater table and bedrock
from the ground surface.

Winter roads along three east-west lines through Perch
Lake Swamp at CRNL were constructed in December and January.
These have enabled more detailed soil and groundwater sampling
with the rotary drill to delineate the present position of the
groundwater plume originating in the Liquid Disposal Area. The
information is required for verification studies of groundwater
dispersion models.

Radiation Biology
*

Research activity in. the Branch lias continued to deal
with the effects of radiation upon a variety of living organisms.
The principal sensitive target for radiation, particularly at
non-lethal doses, is believed to be DNA, the genetic material.
Damage to DNA in reproductive cells may cause mutations which show
up in future generations while damage in other cells of the body
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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 constituent. Work in the Radiation
Biology Branch has dealt with both the nature of the DNA damage
and the response of cells as they attempt to repair this injury.
The purpose of this research is increased understanding of the
biological effects of low-level radiation.

Using our recently developed fluorometric method for
detection of DNA strand breaks (PR-HS-4, section 4.3), we have
tested the effect upon human peripheral white blood cells of the
agent phorbol myristate acetate (PMA). This agent is of interest
because it is a potent tumor promoter, i.e., when applied to the
skin of an animal it causes inflammation but induces no skin
tumors; however, in combination with a true carcinogen, it
enhances greatly the yield of tumors. We examined the possibility
that PMA directly or indirectly was able to induce DNA strand
breaks and that other effects were secondary to this DNA damage.
PMA (10~7 mol/L) was added to suspensions of white blood cells
and within 30 minutes of incubation at 37°C the cells suffered DNA
strand break damage approximately equivalent to 300 - 400 rads
(3-4 Gy)of 60co Y-irradiation. This damage is likely
mediated via O2 and H2O2 generated by phagocytic white blood
cells in response to PMA. The mechanism of damage is being
explored further.

Cutaneous malignant melanoma (CMM) is a human neoplastic
disorder of the pigmented cells of the skin; when disseminated
throughout the body, the disease is invariably fatal. Since the
incidence of CMM is rising rapidly in many countries, the etiology
and early detection of this cancer are of considerable interest.
The disorder can occur as a hereditary trait (i.e., HCMM) in
certain persons. Although environmental exposures, especially
ultraviolet (UV) radiation, have been implicated in sporadic
melanoma, the role of such exposures in the pathogenesis of HCMM
is unknown. This relationship between environmental and genetic
factors has been explored by determining the in vitro sensitivities
of 5 fibroblast strains, representing 4 HCMM families, to 2
model carcinogens, namely: UV-irradiation and gamma-radiation.
Comparing 10% survival doses with those for normal strains, the
group of 5 HCMM strains was found to be UV-sensitive but to
respond in an essentially normal manner to gamma-radiation. Our
results suggest a basis for the possible role of sunlight (or
UV-mimetic environmental agents) in the induction of malignant
melanomas in these particular individuals; sunlight may of course
also play a role in development of malignant melanoma in normal
persons•
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Approximately 1400 female rats have now been
incorporated into the study of relative biological effectiveness
of tritium beta-rays for acceleration of the appearance of breast
cancer in these animals. The initial radiation exposures have now
been completed and a few breast cancers have already been observed
in the groups of animals that were exposed to X- or beta-radiation
two to three months earlier. Final data for analysis are* however,
not anticipated for another twelve months.

Biomedical Research

Hie dose conversion factors for adults given in
AECL-6540 have been revised using the new dosimetry factors
obtained from ORNL. Work will begin on revised infant dose
conversion factors when staff becomes available.

CRNL has joined the Atomic Energy Control Board and the
Radiation Protection Bureau of Health and Welfare Canada in a
study of the retention and excretion of uranium in fuel
fabrication workers. The Biomedical Research Branch's role will
be to evaluate the currently accepted models for UO2 in light of
the data obtained in the study.

The literature review of metal-amino acid complexes in
biological media is nearing completion and a report is being
prepared.
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2. HEALTH PHYSICS BRANCH

by

G. Cowper

2.1 Sitaff
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 Monoenergetic
Neutrons

2.2.3 Developments on the Proportional Counter Neutron
Spectrometer

2.2.4 Spectral Calculations for the NBS Neutron
Calibration Facility

2.2.5 Neutron Contamination from Medical Electron
Accelerators

2.3 Thermoluminescence Dosimetry
2.3.1 Automatic TLD Reader AEP-5256B
2.3.2 Energy Dependence Measurements of Personnel

Dosimeters in Terms of Effective Dose
2.3.3 Energy Dependence Measurements of MgB4O7:Dy TLDs

for Environmental Dosimetry
2.3.4 Life Cycle Testing of Plaque Containing MgB4O7:Dy

and LiF:Mg,Cu Dosimeters
2.3.5 Performance of TLDs and TLD Reader when the TLDs

are Exposed at High Levels
2.4 Tritium Monitoring

2.4.1 Portable Tritium-in-Air Monitor, AEP-5321
2.4.2 Nafion-based HT/HTO in-Air-Monitor, AEP-5336
2.4.3 Applications of Plastic Membrane to Tritium

Monitoring
2.5 Management of Uranium Mill Tailings
2.6 Measurement of Radio-Xenons in Exhaust Air
2.7 Dead-Time Correction for Geiger Counters
2.8 Radiation Instrument Developments

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

2.8.2 Monitor for Airborne (5-Emitting Particulates,
AEP-5331

2.8.3 Wide-Range Beta Gamma Survey Meter, AEP-5288C
2.8.4 Measurements of Doses Delivered to Caged Rates

By X- and y-Rays
2.8.5 Radiation Instrument Characteristics
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2.9 Radiation Dose Monitoring
2.9.1 Radiation Dose Record-keeping
2.9.2 Body Radiation Doses
2.9.3 Hand Radiation Doses

2.10 Reports, Publications and Lectures
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J.H. Sneddon(2)

Personnel Monitoring R.M. Rondeau
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(1) A.S. Coveart retired from Health Physics Branch March 20, 1981.

(2) On loan from Drawing Office

Attached Staff

R.P. Houtman, Waterloo Student, arrived January 5, 1981. Supervisor
R.G.C. McElroy.
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2.2 FAST NEUTRON DOSIMETRY

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

W.G. Cross and H. Ing

Most neutron dosimetric measurements in radiation
protection are based on the maximum values of dose and
DE per unit fluence calculated by Jones, Snyder and
Auxier (JSA) for monoenergetic neutrons incident on a
cylindrical tissue phantom. In some energy regions
these values are so widely spaced that interpolation
is quite uncertain, while above 1 MeV, the statistical
errors are undesirably high (5-7%). To provide more
complete and accurate values, we have recalculated the
doses delivered by protons and heavier recoils produced
near the surface of the JSA phantom by monoenergetic
neutrons of 27 energies between thermal and 15 MeV.

The 05R Monte Carlo code and ENDF/B cross sections
were used to calculate neutron spectra in the phantom.
Some incident neutron energies were chosen to fill in
the "gaps" in earlier results while others were selected
to explore the effects of oxygen resonances on the dose.
By adopting a calculational procedure different from
that of JSA we were able to reduce the statistical
errors to about 1.5%. These errors were sufficiently
low that we could study the effects of uncertainties in
the cross sections on the results without having such
effects swamped by statistical errors.

Above 1 kev the results at 1 cm depth generally
agree with those of JSA (within the larger errors of
the latter) but at some lower energies there are
discrepancies up to 20%, arising partly from the
different thermal cross sections used in the two
calculations. Our heavy particle (HP) doses were
combined with the neutron-induced gamma doses and
quality factors of JSA to give dose equivalent values.
(However, these values will be revised when the quality
factor calculations described in 2.2.2 are completed.)
The HP dose, gamma dose and DE as a function of
energy were fitted with analytical expressions, to
within an RMS error of 3%, to facilitate interpolation
and averaging of these quantities over extended neutron
spectra.
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2.2.2 Calculation of Quality Factors for Monoenergetic Neutrons
W.G. Cross and H. Ing

At a given point in a tissue phantom, the neutron
quality factor (QF)can be calculated from the neutron
spectrum at that point and the QF's applicable to first
collisions in tissue of monoenergetic neutrons of various
energies, Q(En). The latter quantity has recently been
calculated by Borak and Stinchcombd) for energies up
to 4 MeV. We have used a different method for cal-
culating Q(En) which results in a relatively simple
explicit expression for this quantity and which has
the advantage that one can readily show the effects
of uncertainties in the physical data used.

Our calculations so far extend up to a neutron
energy of 6 MeV. We find that Q(En) is virtually
independent (within 1%) of the angular distributions
of neutron scattering from tissue elements. The
principal error arises from uncertainties in LET
values at energies below 100 keV. Our results agree
with Borak and Stinchcomb's to within a few percent,
the maximum difference being 7% at 2.3 MeV. Combining
these Q(En) values with the Monte-Carlo-calculated
neutron spectra obtained in the previous section gives
quality factors for neutrons incident on a tissue
phantom that, at some energies, differ significantly
from those calculated by Jones, Snyder and Auxier(2).
We intend to extend these calculations to higher
energies.

2.2.3 Developments on the Proportional Counter Neutron
Spectrometer
H. Ing, W.G. Cross and P.J. Bunge

A neutron spectrometer for health physics
applications, consisting of four spherical proportional
counters on a rotating base, has been used in CRNL for
several years (PR-B-116). The counters are filled
with different pressures of hydrogenous gas in order
to measure neutrons over the energy range 50 keV to
4.5 MeV.

(1)T.B. Borak and T.G. Stinchcomb, Health Phys. 3£, 85 (1980).

T.D. Jones, W.S. Snyder and J.A. Auxier, Health Phys. 21,
253 (1971).
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In its previous mode of operation, the signals
from the four counters were analyzed in a separate
Nuclear Data ND-2200 multichannel analyzer and the
pulse-height spectra was punched on paper tape which
was submitted to the CRNL computer centre for spectral
unfolding. The ND-2200 is used for other applications
in our laboratory, is bulky, has to be transported to
the measurement site and requires substantial re-
adjustment and checking before each measurement, making
the procedure rather awkward.

A new, more compact analyzer (Ino-Tech 5400) has
been made an integral part of the proportional counter
system so that the detectors, analyzer and ancillary
electronics form a single mobile assembly. Pulse-
height data are now stored on a cassette storage system
(similar to that described in PR-HS-4). One cassette
will store data from more than 30 spectral measurements
and is quite adequate for anticipated field applications,
Developments are being made to the Z-80 microcomputer
so that these spectra can be unfolded independently of
the CRNL Central Computer.

The stability of the new spectrometer was tested
and found to be satisfactory. Analysis of test
measurements for D-D neutrons is in progress.

2.2.4 Spectral Calculations for the NBS Neutron Calibration
Facility
H. Ing and W.G. Cross

The U.S. National Bureau of Standards has adopted
a moderated neutron source consisting of a sphere of
D20 (30 cm in diameter) .containing 2§2Cf source at
its centre as the standard for the calibration of
personal neutron dosimeters used at power reactors
in the United States. This choice was based on the
similarity between spectra near reactors and the
leakage spectrum from such an assembly calculated at
CRNL in simulated criticality accident studies. The
source assembly consists of a spherical steel shell
(0.8 cm thick) containing D2O, and an axial steel tube
(1.3 cm in diameter and a 0.8 cm thick wall) centre
to house the source. The source holder, a D2O-filled
tube of steel containing the encapsulated 252Cf
source,fits snugly in the axial tube.
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Measurements with 2 3 7Np and 2 3 5U fission chambers
made at NBS indicated a *37Np/235U fission ratio about
30% higher than the value calculated from our leakage
spectrum. We have made more calculations to uncover
the discrepancy.

A preliminary calculation made for a source
(assumed to have a Cranberg fission spectrum) located
at the centre of a 15-cm radius D2O sphere using
ENDF/B III data confirmed our previous results. Then,
calculations were made using the most recent ENDF/B IV
and V files for a Cranberg spectrum and a 252Cf
spectrum (a Maxwellian with a nuclear temperature of
1.42 MeV). The configurations included a point
source, and geometries which took into account the
steel shell, the size of the source and its mounting
structure. The results show that the effects of the
finite source and the use of a 2!2Cf spectrum instead
of a Cranberg spectrum change the 2 3 7Np/ 2 3 5U fission
ratio by about 15%. The use of the newer data files
produced no statistically detectable effect. The
steel shell affected the fission ratio by less than
3%. The new results give satisfactory agreement with
more recent experimental data which also take into
account the effect of Pu contamination discovered
in the Np of the fission chamber used in the earlier
measurement.

Neutron Contamination from Medical Electron Accelerators
H. Ing

Assistance has been given as an adviser to
Scientific Committee 60 of the US National Council on
Radiation Protection & Measurements which is invest-
igating the risk produced by neutron contamination in
high energy electron accelerators. The committee, is
now preparing the final draft for submission to the
Council.

THERMOLUMINESCENCE DOSIMETRY
A.R. Jones

Automatic TLD Reader AEP-5256B

Mechanical design is progressing. The construction
of an engineering prototype for use at WNRE from this
design has begun.



The preparation of a manual has begun, it deals
with the maintenance and operation of the automatic
reader and the processing of TLD plagues.

Testing of the laboratory prototype continued.

2.3.2 Energy Dependence Measurements of Personnel Dosimeters
in Terms of Effective Dose

Measurements previously made showed that the ratio
of effective dose to exposure at the dosimeter site
was higher when the phantom Was irradiated from all
around than when the y-rays were from in front*.

For this reason the energy dependence of two TLD
materials, sensitized and non-s;enbitized TLD-10Q, which
are presently used, were measured with all-around
irradiation. Similarly the energy response of a
proposed dosimeter employing MgB4O7:Dy was also measured.
All dosimeters were mounted within the CRNL holder but
the MgB4O7:Dy dosimeter was also tested with a modified
holder with a 0.08 mm lead filter. The holders and
reference ion chamber were mounted on a phantom which
was rotated in the test beams.

Tests showed that, without the lead filter, the
MgB4O7:Dy dosimeter overestimates the effective dose
by about 40% at 70 keV. By the addition of the lead
filter this dosimeter is made nearly energy independent
down to 50 keV, falling in response rapidly at lower
energies.

The two forms of TLD-100 are not so energy
independent above 50 keV although they both provide
an estimate of the effective dose within 30% down to
30 keV. The data are summarized in the table.

Dosimeter MgB^OyrDy TLD-100

(with lead Normal Sensitized
filter)

% max. positive 6 10 4
deviation at (keV) 70 250 1250
% max. negative 10 18 23
deviation at (keV) 50 50 60
% standard deviation 3 7 8

•External Gamma Dosimetry in the Light of ICRP-26. A.R. Jones and
R. Marsolais. Trans, of the American Nuclear Society 32, p.659, 1979.
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Ov;r the energy range 50-1250 keV any of the tested
dosimeters are acceptably energy dependent for estimation
of the effective dose.

2.3.3 Energy Dependence Measurements of MgB4O7;Dy TLDs for
Environmental Dosimetry

In environmental y-dosimetry the quantities measured
are exposure or air dose which/ are proportional to each
other at all energies. The y-radiation is approximately
isotropic for terrestial y-rays or for immersion of the
detector in a cloud of radioactive gas. Even when the
source is a distant object such as a plume, multiple
scattering precludes unidirectional radiation.

For these reasons it was decided to measure the
energy dependence of the MgB4O7:Dy while rotating the
dosimeters in the test beam. The dosimeters were
mounted with two TLD plaques in a holder (the practice
at CRNL to improve and check the precision of measurement).
Measurements were made with and without an additional
lead filter (.08 mm). This filter reduced the over-
response at low energies, around 70 keV, from 30 to 20%.
With the filter the dosimeter underresponded by 10% at
40 keV. Without the filter, the same underresponse
occurred at 35 keV.

2.3.4 Life Cycle Testing of Plaque Containing MgB4O7:Dy and
LiF: Mg, Cu Dosimeters

Samples of the proposed dosimeter plaques with
MgB4C>7:Dy for effective dose measurement and powdered
LiF: Mg,Cu for skin dose measurement have been cycled
through the automatic TLD reader 92 times. During
the course of this cycling they were exposed to 1 R
ten times, and for comparison, the standard CRNL TLD
plaque was also exposed and read.

No change in the mean sensitivity or the spread
in sensitivities of either the MgB4O7:Dy or the LiF: Mg,
Cu was detected during the course of the cycling. Since
this cycling corresponds to a lifetime of 7 years with
normal personnel use it can be concluded that the effects
of multiple reading can be neglected.
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2.3.5 Performance of TLDs and TLP Header when the TLDs are
Exposed"at High Levels"

Although personnel and environmental TLDs are
ordinarily not exposed to high exposures (100 R or more)
such exposures can occur by accident. In this event
several important questions must be answered:

- How linear is the measurement system?
- To what extent is the TLD permanently altered and

in what ways?
- Can a re-estimation of the original dose be made?

The answer to these questions depends upon the
properties of the TLD and, for the first and last ones,
on the TLD reader. They are of particular interest
because the new version of the reader (AEP-5256A)
permits high temperature readouts and also it has an
extra decade of reading range. The question is also
of interest in relation to MgB4O7:Dy.

To answer these questions samples of three types
of dosimeter plaques (MgB4O7:Dy, TLD-100 sensitized
and unsensitized) were exposed to 100-6400 R after
being individually calibrated.

The sensitized TLD-100 dosimeters were linear
(within 10%) over this range but the unsensitized
TLD-100 and the MgB4C>7:Dy dosimeters overresponded
by 10% at about 600 R. At 6400 R the MgB^Oy.Dy under-
responded by about 13%. This last is probably
due to overloading of the light detection system when
exposed to a very sensitive dosimeter.

The sample dosimeters were then read again at
a higher than normal temperature to re-estimate the
dose and to reduce the residual reading. It was found
that the high temperature reading was related to the
previous exposure by the relation

R <v E n

where R is the reading and E the exposure and n varies
between 1.5 and 1.9 depending upon the TLD material.
For exposures in the range measured, approximate re-
estimation (within a factor of 2) is possible. Further
measurements are needed to test the possibility of
re-estimation at lower exposures.
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Two kinds of permanent changes, after high level
exposure, were observed. The sensitivity for sub-
sequent exposures and the background reading obtained
without subsequent exposure were both increased. At
some point an increase in sensitivity necessitates
recalibration of the dosimeter. When the reading
without exposure rises, a point is reached when the
dosimeter is unfit for low level dosimetry.

The unsensitized TLD-100 and the MgB4O7:Dy
showed a 10% increase in sensitivity at about 700 R.
The sensitized TLD-100 required an exposure of about
6000 R to produce the same change in sensitivity.

An exposure of 100 R did not detectably increase
the reading without exposure, for any of the tested
dosimeters. However, an exposure of 500 R rendered
all the dosimeters unsuitable for further low level
measurements.

2.4 TRITIUM MONITORING

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

Ten prototype monitors have been completed and
calibrated. They are being distributed for testing
by staff in the Ontario, Quebec and New Brunswick
nuclear power stations and in several locations at
CRNL.

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

The construction of the prototype AEP-5336 is
proceeding on schedule and is expected to be available
for field testing in September 1981.

The assembly of the two electrometers is now
essentially complete, and of the remaining electronics,
four of the seven boards have been wire-wrapped.
The completed boards include one of the two identical
display channels and the fault detection and control
boards.

The permeation rates of HT and HTO in the Nafion
tube assembly has been measured. The results confirm
that less than 1 part in 103 of the HT activity will
contribute to the indicated HTO concentration for the
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projected operating conditions of the monitor. We have
also constructed and tested a second Nafion tube assembly.
This assembly will be used for tests performed external
to the monitor and to provide a spare.

2.4.3 Applications of Plastic Membrane to Tritium Monitoring
R.G.C. McElroy and R.V. Osborne

We have measured the permeation rates of HTO,
HT and I 3 3Xe from air to liquid scintillator through
Nafior. tubing. These results show that the permeation
rate for HTO in this system is greater than that for
either HT or 1 3 3Xe by a factor of more than 10 3. These
permeation rates are approximately in the same ratio
to each other as those measured in the air-to-air transfer
through Nafion. On this basis, the liquid scintillation
system does not offer any further advantage with respect
to discriminating between HT and HTO. However, for
discriminating between 1 3 3Xe and HTO, the liquid
scintillation system facilitates further discrimination
on the basis of the significantly different beta spectra
of the two nuclides. In the air-to-air transfer system
the activity concentrations are measured with ionization
chambers incapable of distinguishing between radiations
of different energies.

2.5 MANAGEMENT OF URANIUM MILL TAILINGS

(a) National Planning Group on Uranium Tailings Research
R.V. Osborne, R.A. Judd* and D.H. Charlesworth**

The report on modelling to the Planning Group has
been completed. As noted in the previous progress report
(PR-HS-6), the document reviews the state-of-the-art in
modelling the movement of radionuclides in the environment
and anticipates the main problems in this application.
We suggest that accumulation of data and the assessment
of the radiological impacts from a few selected tailings
sites, managed in various ways, will comprise the
modelling side of the initial 3-year phase of the
national program.

(b) NEA Expert Group on the Management of Uranium Mill
Tailings
R.V. Osborne

In this study, noted in the previous progress
report (PR-HS-6), the initial draft which has been
•Applied Mathematics Branch
**Environmental Authority



completed for the NEA establishes the method to be
followed in applying ICRP principles to the management
of uranium mill tailings. An illustrative, incremental
cost-effectiveness analysis has also been completed
using data from the literature. The dosimetric
calculations and the engineering assessments needed for
a detailed analysis are now being carried out by the
working groups associated with the study. Properties
of reference tailings are being defined to be
representative of tailings in Northern Ontario, in
the Western United States and in the Alligator River
region of Australia. Various management options will
be considered. The major uncertainty expected is in
defining the differences in the long-term behaviour
of the various impoundment methods.

MEASUREMENT OF RADIO-XENONS IN EXHAUST AIR
R.M. Holford

Testing of the completed prototype of the new
version of the xenon monitor, AEP-5320, showed that,
while the instrument functioned as expected in most
respects, it was unduly sensitive to electrical noise,
particularly that generated by its own printer, which
is of the electrosensitive type. Investigation showed
that most of the interference could be avoided by
attention to the layout of electrical ground connections
within the instrument, and this has required some minor
design changes.

It is difficult to produce radiochemically pure
samples of short-lived gaseous fission products for
testing and calibration; therefore reliance has been
placed on measurements made with solid sources having
similar gamma-ray energy spectra. A 'Monte-Carlo' computer
code (EGS3) has been obtained (from the Stanford linear
Accelerator Centre) and evaluated as a means of more
accurately simulating the response of the detector to
short-lived noble gas nuclides. The Ci-MeV response of
the instrument is obtained by dividing the gamma spectrum
obtained by the detector (a Na(Tl) crystal) into four
energy regions and summing them with appropriate weighting
factors. Preliminary results with the EGS3 code suggest
that, while the weighting factors currently being used
are not optimal, it should be possible to choose a new
set of factors to give the desired.Ci^MeV response with
all the noble gas nuclides likely to be encountered, even
those such as *7Kr, 88Kr and 138Xe with complex spectra
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including significant high-energy components.

2.7 DEAD-TIME CORRECTION FOR GEIGER COUNTERS
R.M. Holford

The long dead-time of Geiger-counter tubes relative
to other radiation detectors is a severe limitation on
their usefulness at high counting rates. If the dead-
time is known it can be compensated for by various means,
but in practice it depends on many factors, including
the counting rate, and is therefore difficult to predict.
This limitation can be overcome by obtaining information
about the dead-time from the time distribution of the
counting events themselves. For instance, the minimum
interval between events provides an upper bound to the
dead-time, and it can be shown to be, in fact, an adequate
estimate of the dead-time for correction purposes under
most circumstances. There is no theoretical upper limit
to the counting rate that could be measured by using this
correction method; the limit is set in practice by the
failure of the Geiger tube to reproduce the simple time-
interval distribution of events assumed by the theory.
Therefore, the time interval distribution exhibited by
commercial Geiger tubes at high counting rates is
currently being investigated, in order to obtain a better
understanding of the subject.

2.8 RADIATION INSTRUMENT DEVELOPMENTS
A.R. Jones

2.8.1 High Range Beta Dose Rate Meter, AEP-5337, and High Range
Gamma"~S~urvey Meter, AEP-5309A

Construction of the engineering prototype of the $
survey meter has been completed.

Mechanical design of the high range gamma survey
Meter continues.

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

Construction of a laboratory prototype continues.

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

The prototype probe unit has been built for testing.
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2.8.4 Measurements of Doses Delivered to Caged Rats by X-
and y-Rayi

Doses for each exposure to an array of caged rats
delivered by filtered bremsstrahlung and 50Co y-rays
(acute and chronic irradiations) have been measured
with sensitized TLDs. Since considerable variations
were observed along and at right angles to the beam
it was necessary to map the input and output exposures
to the cages to permit estimation of doses to the
rats.

2.8.5 Radiation Instrument Characteristics

The energy dependence of two survey meters
(R-Metrics Model 5016 and Victoreen Model 470A) were
measured and the responses of two very high range
y-survey meters were measured over the range 100-
5000 R/h for Ontario Hydro.

2.9 RADIATION DOSE MONITORING

2.9.1 Radiation Dose Record-keeping
R.M. Holford, R.M. Rondeau and J. Vincent

A delay in routine processing of up to two months
occurred at the beginning of previous years, due to the
need to gather in all corrections for the old year and
then produce year-end reports for various purposes
before entering any data pertaining to the new year.
Various modifications were introduced to the system
during 1980 to avoid this hiatus, such as the inclusion
of 'Previous Year's Totals1 fields on the Radiation
Summary File, and the changeover from 1980 to 1981
was the first opportunity to demonstrate the effective-
ness of these measures by continuing to produce fort-
nightly reports within two weeks of each badge change
during January 1981.

The direct exchange of information with WNRE
via the CRNL central computer is working well and has
now been extended to provide WNRE with a copy on their
own terminal of the output of all computer jobs
involving their data except those requiring special
forms, for which arrangements still have to be worked out.
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2.9.2 Body Radiation Doses

In the fourteen-week period ending 3 April 1981
and in the calendar year to t h i s date there were the
following d i s t r ibu t ions of radia t ion exposure.

In t h i s period there were two whole-body radia t ion
exposures exceeding the 600-mrem two-weekly administrat ive
control l imi t .

CRNL - Whole Body Dose

Dose Range

rem

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

Average dose
per monitored
person
Average dose
per exposed
person '

Fourteen Weeks

Wo. of
monitored
persons

413
2285
117
19
1
2
0

Total
Dose"
Man-rem

0
165.80
79.32
21.45
1.55
4.38
0

96 mrem

112 mrem

Calendar Year*

No. of
monitored
persons

413
2285
117
19
1
2
0

9f

ii;

Ibtal
Dose
Man-rem'

0
165.80
79.32
21.45
1.55
4.38
0

1 mrem

! mrem

*Calendar-Year and Fourteen-Week totals for this <juarter are identical.
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Radiochemical Company - Whole-Body Dose

Dose Range
rent

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

93
250
7
0
0-

Total
Dose
Man-rem

0
21.94
4.40
0
0

75 mrem

102 mrem

Calendar Year

No. of
monitored
persons

93
250
7
0
0

Total
Dose
Man-rem

0
21.94
4.40
0
0

75 mrem

102 irarem

Engineering Carpany - 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

320
10
0
0

Total
Dose
Man-rem

0
0.26
0
0

0.8 mrem

26 mrem

Calendar Year

No. of
monitored
persons

320
10
0
0

Total .
Dose
Man-rem

0
0.26
0
0

0.8 mrem

26 mrem

*Doses received at ABCL sites only.
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CPNL - Skin Dose

Dose Range '
rent

•

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

NO. of
ironitored
persons

413
2253
143
24
2
2
0
0

I

i

Weeks

Total
Dose
Man-rem

0
164.19
100.49
28.94
3.08
4.74
0
0

106 mrem

124 mretn

Calendar Year

No. of
monitored
persons

413
2253
143
24
2
2
0
0

- ... Total .
Dose
Man-rem

0
164.19
100.49
28.94
3.08
4.74
0

6

106 mrem

-.
124 nvrem

Radiochanical Company - Skin Dose

Dose Range
retn

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

93
239
17
1
0

lbtai
Dose
Man~rero

0
28.22
10.60
1.16
0

114 mrem

156 mrem

Calendar Year

No. of
monitored
persons

93
239
17
1
0

Total .
Dose
Man-rem

0
28.22
10.60
1.16
0

114 mrem

156 mrem
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Engineering Ccnpany - Skin 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

320
10
0
6
a

Total
Dose
Man-rem

0
0.32
0
0
0

1 mrem

•• 32 mrem

\ •

Calendar Year

No. of
monitored
persons

320
10
0
0
0

Total -
Dose
Man-rem

0
0.32
0
0
0

1 mrem

32 mrem

*Doses received at? ABCL sites only.
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2.9.3 Hand Radiation Doses

In the fourteen-week period ending 31 March 1981
and in the calendar year to this date the following
distributions of extremity doses were measured by
finger-tip TLDs.

Dose Range
rem

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

CRNL
Calendar Fourteen

Year .

97
10
3
0
0
1
0

Weeks

97
10
3
0
0
1
0

Radiochemical
Company

Calendar Fourteen
Year

19
2
1
0
2
1
1

Weeks

19
2
1
0
2
1
1
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2.10 REPORTS, PUBLICATIONS AND LECTURES

W.G. C: J>SS; Biomedical Uses of Fast Neutrons
(talk :3 University of Toronto students visiting
CRNL, 27 February 1981).

A.R. Jcnes: Radiation Dosimetry Problems in Radiation
Biology Experiments
(talk to University of Toronto students visiting
CRNL, .17 February 1981) .

A.R. Jones: Radiation Survey Instruments
(talk to Queen's University students visiting CRNL,
16 March 1981).

R.V. Osborne: Tritium Monitors
(talk to Queen's University students visiting CRNL,
16 March 1981).

H. Ing and W.G. Cross, "Use of Compiled Spectra for
Determining Neutron Doses in Criticality Accidents",
Rad. Protect. Dosimetry 1, 11, 1981.

H. Ing, W.G. Cross and B.J. Tymons, "The Spectrum of
Neutrons from a 23BPu-Li Source", Health Physics,
40, 345 (1981).
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3. ENVIRONMENTAL RESEARCH BRANCH

by

I.L. Ophel

3.1 Staff
3.2 Beneficial Uses of Waste Heat

3.2.1 Aquaculture of Freshwater Organisms
3.2.2 Production of the Freshwater Amphipod, Eyalella

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 Transport of Air Pollutants
3.9.2 Deposition Study

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 Activation Analysis
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
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3.15 Uranium-234/Uranium-238 Activity Ratios
3.16 Environmental Impact Assessment

3.16.1 Environmental Assessment of CRNL Waste Management
Areas
3.16.1.1 233 Area
3.16.1.2 Liquid Disposal Area
3.16.1.3 Tracer Test Site
3.16.1.4 External Contracts
3.16.1.5 Miscellaneous

3.16.2 Groundwater-Contaminant Flux to Surface waters
and Behaviour of Radionuclides in Surface Waters
3.16.2.1 General Objective
3.16.2.2 Biodiscrimination of Radionuclides in

Aquatic Pood Webs
3.16.2.3 Groundwater-Contaminant Flux to Surface

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

Environment
3.22.1 Speciation Studies of Radionuclides in Groundwater
3.22.2 Development of Methods for the Determination of

Actinide Concentrations in Environmental Samples
3.23 Studies of Radioactivity in Trees
3.24 Tritium Survey
3.25 Survey Summary
3.26 Publications
3.27 Verbal Presentations

3.27.1 Presented Papers
3.27.2 Lectures or Seminars
3.27.3 Local Talks

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. Wilds*.'th

A.G. Price1

Environmental impact Assessment
2

P.J. Barry Assistant: S.W Whittle

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

D.R. Lee Assistant: B.J. Jeffrey

Natural Isotope Studies

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

Biochemistry and Microbial Radioecology

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

Radiochemistry and Environmental Monitoring

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

Contaminant Hydrogeochemistry

R.E. Jackson

Attached Staff from Dept, of Geography, University of
Toronto.
2
Terminated 1981 March 06.

General Engineering Co-op student from University of
Waterloo. Joined the Branch 1981 January 05.

4Attached Staff from National Hydrology Research In-
stitute, Environment Canada, Ottawa.



3.1.1 STAFF (cont'd)

Biology and Aquatic Radioecology

J.W. McMahon Assistants: A.E. Docherty
S-R. 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

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. Work-
ing 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. Working 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.

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

K.S. Novakowski - Dept. of Earth Sciences, University
of Waterloo. Working on a Master's Thesis project
with R.W.D. Killey.
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3.2 BENEFICIAL USES OF WASTE HEAT - J.W. McMahon and A.E.
Docherty

3.2.1 Aquaculture of Freshwater Organisms

Studies on the effects of low-grade heat (24 ± 0.5°c)
and nutrient enrichment on the mass culture of the alga
Scenedesmus basiliensis were continued under winter light
conditions. The automated daily input of fixed concentra-
tions of nitrate and phosphate resulted in excessive
nutrient loading, especially during initial growth phase
when algal cell concentrations were minimal. The problem
of adjusting nutrient levels to attain optimum biomass
is still under investigation.

Other factors being studied are the use of urea
as a nitrogen source, pH adjustment of the algal culture
as population density increases and the optimum use of
available light for photosynthesis through (1) vigorous
agitation of the culture, (2) daily harvesting to main-
tain a fixed population density and (3) cycling the
algae culture through a thin (0.7 cm) Plexiglass chamber
located above the water surface.

3.2.2 Production of the Freshwater Amphipod, Hyalella

Laboratory experiments are in progress to study
the effect of temperature and food supply on the growth
and survival of the amphipod Hyalella. This benthic
organism, indigenous to Maskinonge Lake, has become
established in the heated experimental pools. It is
apparently utilizing as a source of food the organic
debris and epiphytic growth found on the pool liner.
Hyalella, in temperature-controlled flasks (15, 20 and
25^C), are being fed known amounts of either algae1 or
organic detritus. Mortality rate was greatest among
animals fed fresh algae at a temperature of 25°C.
When algae or organic detritus were dried and mixed
with a sand substrate the mortality rate decreased at
all temperatures but was still more pronounced at the
highest temperature. This work is continuing.



3.3 RADIOECOLOGY OF MOLLUSCS - J.W. McMahon and S-R. Gentner

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

The freshwater clam Elliptio complanatus was
successfully maintained throughout the winter in wire
mesh trays suspended in the heated (24 + 0.5°C) experi-
mental tanks at Maskinonge Lake. Normally, during winter,
clams are dormant in lake sediments, but under these condi-
tions they carried out physiological functions and grew, as
well.

5 g Feeding rate studies have been initiated using
Fe-labelled Chlorella vulgaris as a food source.

Clams, suspended in separate compartments of a constant-
flow feeding chamber, were fed radioactive-labelled food
at a known concentration level for intervals ranging
from 15 to 60 minutes. Results indicate that the rate
of removal of labelled cells from the water is linear
up to one hour. There was, however, considerable varia-
bility in uptake of labelled Chlorella between clams of
similar wet weight. Another problem is a rapid decrease
in cell concentration over a one-hour feeding period to
approximately 50% of the original feeding concentration.
Radioactive determinations of algal deposits found in
the isolated clam chambers indicated that this decrease
in cell concentration was entirely due to filtration by
the clams and subsequent deposition as faeces and pseudo-
faeces. In current studies labelled cells are being
added on a regular basis during an experiment to maintain
a constant cell level.

Problems associated with counting efficiency and
absorption of S^Fe on membrane filters have been resolved.
This work is continuing.

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. werritt

Biogeochemical investigations on the particulate
transport of 134Cs i n groundwater have continued. The
possibility of 85sr association with particulates has
also been investigated.

As a further test for the involvement of biologi-
cal catalysis in the transport process, we have looked
at the release of 13^cs as a function of temperature.
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3.4.1 Laboratory Column Studies on the Particulate Transport
of Radionuclides (cont'd)

A rapid decrease, approximately four-fold, in the rate
of release of l^Cs from columns was noted as the
temperature was dropped from %21°C to %6°C. A somewhat
slower but full recovery in the rate of release of
134cs occurred when the temperature was again raised.
The results support the involvement of catalysis, pre-
sumably biologic, in -̂̂  Cs transport out of these sand
columns.

The mineralogical character of the particles re-
leased from the column and collected on 0.45 win filters
has been examined by atomic absorption (A.A.) spectro-
metry and SEM-EDS analysis. Both techniques have in-
dicated the presence of variable amounts of Si, Fe and
Al as major components and in some instances small
amounts of Ca and Mg have also been observed. The
total amount of particulates released under irradiated
versus radiation recovery conditions (as assessed by
the five elements analyzed) correlated well with the
amount of 134cs released.

85The association of Sr with particulates has
also been observed. A fresh soil column was equilibrated
with groundwater, tagged with 3-34cs, and operated as in
previous experiments. Carrier-free 8 5Sr, 14 MBq (0.4 mCi),
was then loaded onto the column and the effluent analyzed
for 85sr and 134cs. Strontium-85 appeared in the effluent
after passing through one column volume of eluant. The
quantities of 85Sr and 134cs in the effluent were ap-
proximately the same and >80% of the activity in a
fresh sample was removable on a 0.45 \im filter.

85
It was possible to elute the column to Sr break-

through. The amount of filterable 85gr remained the same
even after breakthrough, although much larger quantities
of 85Sr appeared in the filtrate. The 85Sr Kd for the
column was approximately 10. It appears that Sr can be
transported on particulates in soil columns in a manner
similar to that for Cs, and further, that the associa-
tion of 85Sr with particulates does not alter the trans-
port of 134Cs o n particulates.
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3.4.2 Organics in Groundwater — Complexation Studies -
J.L. Young, D.R. Champ and J.O. McHugh

Previous investigations of nuclide transport in
groundwaters of the CRNL Waste Management Areas have
indicated that nuclide-organic interactions can play a
major role in determining hydrogeologic migration
within aquifer contaminant plumes (see Section 3.23,
PR-HS-6, AECL-7232 for details of earlier work on
6 0Co, for example).

The organic components of natural and contaminated
groundwaters from the Perch Lake basin have been frac-
tionated using high performance liquid chromatography
(HPLC) columns and equipment available in the General
Chemistry Branch in co-operation with R.M. Cassidy.
Pre-concentration of groundwaters, by freeze-drying or
ion-exchange, was necessary to meet the sensitivity
requirements of detection instruments.

Samples were fractionated on gel permeation columns
and the eluant analyzed in a refractive index detector,
a UV detector, or remotely by fluorimetric techniques.
The columns were chosen on the basis of their published
fractionation ranges (<5 x 10 3 and <2 x 104, respectively)
being compatible with the size distribution of organics
observed in groundwater via ultrafiltration experiments.

The HPLC has separated several UV254 absorbing
components in the groundwater samples. However, the
columns have not functioned strictly as molecular
sieves. Only 15 to 30% of 60co-complexed organics have
been recovered using deionized H2O or Na2SOg eluants.
High ionic strength eluant, 0.5 mol/L KCl, increased recovery
(50 to 100%) but did not completely eliminate absorp-
tion. Retention times on the column were indicative
of molecular weight of less than 200 but ultrafiltration
experiments indicated that the bulk of the organics (88%)
had apparent molecular weights greater than 500. The
prediction of the molecular size of the organic compon-
ents separated via these columns is obviously impossible
under the current conditions. However, the separations
achieved have indicated that (1) concentration of con-
taminated groundwater containing 60Co-organic complexes
by anion exchange techniques removed at least one major
component observed in freeze-dried samples from the
same source, (2) samples from contaminated groundwater
contain distinct UV254 absorbing components not detected
in uncontaminated groundwater from the same area, (3) G^Co
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3.4.2 Organics in Groundwater ~ Complexation Studies (cont'd)

does appear to be associated preferentially with
certain components fractionated via the above HPLC
techniques.

Our present intention is to use the HPLC columns
as a preparative technique in order to fractionate
sufficient material for further characterization.
Reversed-phase liquid chrosnatography is also being
considered as an alternative means of fractionation.

3.5 PERCH LAKE PROJECT

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

The energy budget model has been run for Maskinonge
Lake using hourly data for the period from May 10 to
September 15, 1978. The wind speed data for Maskinonge
Lake is not complete for that period due to equipment
failures. However, a comparison of wind speeds for all
the available data with wind speesd data for Petawawa
has shown that daily average wind speeds at the two
stations agree within 10% with a correlation coefficient
of 0.95. Evaporation predicted by the model for the
first 20 days of run agreed within 20% with estimates
from energy budget measurements. After June 1 the
agreement of model predictions with measurements was
within 5% for periods of three to seven days.

It has been found that when daily average values
of meteorological parameters are used as model inputs,
evaporation estimates 4and surface temperatures) do not
differ significantly from results using hourly averages.
However, use of hourly data results in a better predic-
tion of temperature profiles, which is important when
considering solute mixing in lakes.

The model has also been run to test its sensiti-
vity to variations in meteorological data that may
arise from the use of off-site data, when attempting
to estimate evaporation from uninstrumented lakes.
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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 preci-
pitation samples from the Perch Lake system were made
every two days rather than on a weekly basis during the
spring runoff.

3.5.3 Data Storage - D.P. Wildsmith

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

Other data from the Perch Lake drainage basin,
i.e. precipitation, outlet stage height, maximum and
minimum air temperatures, 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. A useful byproduct is that the volume of air
present is greatly reduced, resulting in a much-reduced
^ A r release from the main reactor stack. The results
obtained to date are given in Table 3.6.

41Table 3.6. Measured Ar Releases from Main Reactor
Stack 1981

Sampling
Date Time (EST) GBq-d" 1

NRU
megawatts CO2(%)

NRX
megawatts

GBq-d-1
• ra r 1

Jan. 15

Mar. 19

08:18-08:22

08:16-08:21

145.0 x 103

145.6 x 103

not operating

not operating

21.6

22.4

6713

6498

1 Ci = 37 GBq
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3.7 METEOROLOGICAL SUPPORT OF HYBRID-HEATING EXPERIMENT -
P.C. Jay, P.J. Barry and D.P. Wildsmith

Daily maximum and minimum temperatures have been
collected at two locations in Deep River in addition to
similar measurement routinely carried out at the CRNL
inner area and Perch Lake. The purpose is to calculate
daily values of the degree-days — a measure of the
heating load to maintain a constant temperature inside
an enclosed space. No significant differences in the
estimate of total degree-days has been found between the
CRNL and Deep River sites. However, on a daily basis,
greater differences in the estimates obtained at one site
can arise, depending on the frequency of reading and
resetting the thermometers and on the exact time these
operations are carried out. To obtain close estimates
of degree-days for Deep River, an air temperature re-
corder has been installed at one house. Hourly abstrac-
tions of the recorded temperatures are being made and
summed to obtain a better estimate of the daily mean
temperatures.

3.8 ASSESSMENT OF ACCIDENTAL RELEASES OF RADIOACTIVITY TO
THE ATMOSPHERE AT CRNL - E. Robertson

Work is underway to purchase aerovanes and
temperature sensors needed to meet minimum requirements
for assessing meteorological conditions at the CRNL
site, in order to predict atmospheric dispersion para-
meters in the event of an accidental release of radio-
activity to the atmosphere. Discussions were held at
the second meeting of the National Working Group on
Atmospheric Releases in January and with WNRE staff in
March, concerning both instrumentation and various dis-
persion models described in the literature.

3.9 CO-OPERATION WITH OUTSIDE ORGANIZATIONS

3.9.1 Long-Range Transport of Air Pollutants - P.J. Barry
and D.P. Wildsmith

The National Working Party on Atmospheric Releases
of Radioisotopes is the lead body for recommending
standardized modelling and instrumentation requirements
for predicting the doses arising from atmospheric releases
of radioactivity. At its meeting in January 1981, the
working party appointed two task groups, one to recommend
models and the other, chaired by P.J. Barry, to recommend



3.9.1 Long-Range Transport of Air Pollutants (cont'd)

meteorological instruments. Both task groups have met
once during the quarter. They are expected to report
to the working party in mid-June 1981.

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.

3.9.2 Deposition Study - P.C. Jay

A study of dry deposition of mono-disperse
aerosols tagged with radioactive sulphur-35 on snow,
trees and artificial collectors was done in co-operation
with L.A. Barrie'of the Atmospheric Environment Service,
Environment Canada, Downsview, Ontario. Several experi-
ments were done to obtain a quantitative relationship
between particle deposition and air concentration as
a function of particle size and meteorological conditions.
The results will be used in models of the long-range
transport of air pollution and acid rain.

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

Observations of the energy balances of the
snowpack are being continued and measurements are being
made of energy and moisture conditions within the un-
saturated zone. Severe instrumental problems are pre-
sently being corrected/ and in the early summer an
irrigation experiment will be carried out.

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 Activation Analysis - W.F. Merritt and B.A. Risto

Several samples of groundwater were analyzed
with particular attention to stable cobalt, cesium and
strontium. The suitability of prompt gamma activation



3.11.2 Activation Analysis (cont'd)

analysis for problems of interest in environmental
research is being investigated with M.A. Lone of the
Neutron and Solid State physics Branch.

3.11.3 Tracer Studies - W.F. Merritt and B.A. Risto

The investigation of the leaks in the NRX rod-bays
has been re-opened at the request of Reactor Operations
and the Environmental Authority.

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 with
H.R. Andrews, G.C. Ball, W.G. Davies, J.C.D. Milton of
Nuclear Physics Branch and N. Burn and Y. Imahori of NRX
Reactor Branch (see Section 2.23, PR-P-129, AECL-7328
for further details)

3.14.1 Source Preparation

Sources of pyrolytic graphite on tantalum wire
have been prepared from sample carbon dioxide using a
technique reported by Hedges, Wand and White (Nucl.
Instr. Methods 173: 409, 1980). The CO2 is converted
to lithium carbide, acetylene generated and transferred
to a flask, pressure 0.8-5.3 kPa (6-40 mm Hg) in which
a 10 mm length of 0.75 mm diameter Ta wire is mounted
across two copper terminal posts. When the wire is
heate.d to about 2000°C by passage of a D.C. current, the
acetylene decomposes and a deposit of graphite forms on
the hot wire. The distribution and nature of the
graphite deposit is sensitive to conditions of heat-
ing and acetylene pressure. Under proper conditions
smooth hard deposits of 1 to 10 mg graphite have been
obtained in a form suitable for mounting across the
bore of our usual source mount. A.deposition yield of
30-50% of the carbon is obtained, a similar amount is
left as unreacted C2H2 and the remainder forms a low

*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)

volatility product which appears in the C2H2 recovery
trap. This latter could be a serious source of cross
contamination. We have had no success in trying to get
higher deposition yields. This is unfortunate in view
of the isotopic fractionation reported by Hedges, et al.

Two sources prepared from tank C2H2 have been
run in the accelerator with encouraging results, so a
variety of samples are being prepared for the next run.
Several samples of groundwater carbonate were converted
to carbon black for the last accelerator run.

3.14.2 Accelerator Run

Stability of the system has been improved by
further modifications in the latest run. A new power
supply providing higher voltage (±9000 V) for the Wien
velocity filter resulted in 1*C4+ residual energy
spectra completely free of tailing from the adjacent
13c peak.

A source of pyrolytic graphite on Ta wire gave much
better performance than our standard carbon-iron powder
sources. A stable emission of 1.5 uA was obtained
within 20 minutes of first irradiating it with the Cs +

sputter beam in contrast to 0.7 pA after a "burn-in"
time of two hours for our standard source. A 1 4C count
corresponding to 44,000 years age was obtained, whereas
carbon and industrial graphite background samples gave
33,000 years in this run. The small form of the source
will allow design of a sample changer able to take
more samples.

The background in this run was again higher than
in the last run. The clean spectra assure us that the
counts are true 1 4C events. Approximately the same
14c count rate was obtained from an empty Al source
mount. We believe this background arises from cracking
of near-contemporary carbonaceous molecules at the
sample orifice by the Cs + beam. A cold trap installed
near the source to reduce residual hydrocarbons in the
vacuum system collected condensate but did not reduce
the background.



3.14.2 Accelerator Run (cont'd)

14 12
The C/ C ratio has been found to be sensitive

to the position of the source in the Cs+ beam. Normally
the source is positioned to give maximum C~ emission.
If this optimum position is different from measurement
to measurement or from sample to standard, variations
will be introduced in the l^c/l^c ratio observed. This
indicates that we need sources of uniform geometry and
a carefully indexed sample positioner.

Three samples of groundwater carbonate gave good
reproducible analyses but did not accord with radio-
metric measurements on previous samples from the same
site. The discrepancy is thought to lie with sampling
irregularities. Several other samples gave results in
agreement with those measured in previous accelerator
runs.

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

Nothing further to report.

3.16 ENVIRONMENTAL IMPACT ASSESSMENT

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

3.16.1.1 2_3S_ Area

A two-dimensional version of the SWIFT code
has been used to simulate groundwater flux and 90Sr
movement in vertical section along a contaminant plume
arising from the former nitrate decomposition plant. A
reasonable match between observed and simulated hydraulic
head distributions was achieved, although the model
results were sensitive to the time steps selected.
Difficulties were also encountered in defining and
simulating boundary conditions.

90
Using mean values for observed Sr concentrations

and distribution ratios in the contaminant plume/ the
model predicts a maximum of 0.04 Bq«mL~l*^°Sr in ground-
water discharging to surface. The .peak in discharge
activity occurs after 50 years, at the first breakthrough
of radiostrontium to surface. The model incorporates
radioactive decay and ion-exchange sorption of 90Sr to

* 1.1 pCi-mL-J-



3.16.1.1 2_33_ Area (cont'd)

the aquifer matrix. The observed longer-term specific
sorption in the plume cannot be modelled at present,
but will reduce the predicted flux of '°Sr to surface
waters, and it appears likely that essentially no
release will occur.

90 A report discussing results of current studies of
Sr sorption behaviour in the nitrate plant plume has

been completed and submitted for publication.

3.16.1.2 Lyqui_d_Dis2psal_ Area

Hydraulic conductivities of sand samples from the
East Swamp were determined by permeameter tests on
undisturbed cores and by empirical correlation with
grain size distribution parameters. Permeameter results
for vertical hydraulic conductivity were generally lower
than hydraulic conductivity estimates made from grain
size distributions by factors of 2 to 5, and considerably
more variable. All sediments in the study area are
laminated; much of the variation in vertical hydraulic
conductivity may result from variable abundance and
grain size of thin layers of lower permeability. A con-
siderable variation in hydraulic conductivity anisotropy
is implied.

Using estimates of average horizontal hydraulic
conductivity, and hydraulic gradients and path lengths
from the water table configuration, we calculate ground-
water residence times of from 4 to 12 months between the
infiltration pit and various points of discharge to the
East Swamp Stream. Desorption tests, removing 6°co
from contaminated sands by ion exchange and iron oxy-
hydroxide leaching, show that only 5 to 10% of the
sediment activity is held exchangeably. Iron oxyhydroxides
retained 3.5 to 20% of the sorbed G^Co at one location
(ES-16, 10 samples) and 16 to 50% in five samples taken
near the margin of the contaminant plume (ES-18) . The
remainder is tightly bound to specific minerals, most
notably altered biotite. These results indicate that
sorbed radioactivity has no equilibrium relationship with
complexed 6^Co present in the groundwater, and that
short-term 60co releases to the East Swamp Stream are
essentially controlled by concentrations in solution
only.



3.16.1.2 Liquid _Dis-go sal_ Area (cont'd)

Winter roads along three east-west lines through
Perch Lake Swamp were constructed in December and early
January. Fourteen holes have been drilled and soil
sampled into the basal till. All have been equipped
with multi-level samplers placed at 1 m intervals through
all sand aquifers, with slotted and wrapped PVC screens
set at the bottom of the hole. Immiscible fluid dis-
placement was used to extract pore waters for tritium
analysis; levels observed to date are generally con-
siderably lower than those found in the 1971 survey.
Samples from the eastern portion of the Perch Lake
Swamp have revealed tritium in the pore water of the
till underlying a widespread, thick (1 to 3 m ) , clayey
silt. Drilling is continuing, and groundwater sampling
will commence with the spring thaw.

3.16.1.3 Tracer_Test_ Site

Soil samples from five boreholes drilled along the
east side of Twin Lake (in association with D.R. Lee)
have been analyzed for grain size distributions. Re-
sults show an area with fine to medium stratified sands
forming most of the aquifer, a rather promising situa-
tion for investigations of radionuclide movement.
Hydraulic head distributions showed groundwater discharge
to the lake in mid-December. In mid-February, however,
a sudden thaw resulted in Twin Lake rising almost 2 m;
head measurements in the observation wells showed that
flow directions had reversed, with the lake temporarily
recharging the aquifer. Such rapid transients may pose
considerable difficulty in modelling the flow system,
and we are now reviewing the information before proceeding
with further drilling. Planned drilling through the
bed of Twin Lake was prevented by the early thaw.

3.16.1.4 External _Contraats

Unsaturated zone studies by members of the Dept.
of Earth Sciences, University of Waterloo, have con-
centrated on the construction and testing of a physical
model designed to investigate capillary fringe phenomena.
Results to date indicate that compression of entrapped
air in soil during rainfall infiltration will have to
be included in mathematical simulations. Field data
from the summer of 1980 have been corrected and digitized;
programs to convert and plot the data are being tested.



3.16.1.4 External_Contraot8 (oont 'd)

Pulsed radar profiling of the overburden in the
233 Area and downgradient of Waste Management Area "F"
was completed on March 7. Field results look quite
promising, and ihe contractor (xadar, Inc.) is currently
analyzing and compiling the results. Field surveys
for this contract were delayed by a February thaw.

3.16.1.5 Miscel7-_aneous_

Two soil surveys of proposed construction sites
in the inner area were provided at the request of the
Civil and Mechanical Design Branch. Drilling in the
area of a proposed extension to Bldg. 225 supplied data
on bearing strength and showed no extensive radioactive
contamination of the soil. Thickness and identification
of overburden was provided for a proposed waste storage
area adjacent to Bldg. 570.

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

3.16.2.1 General_ Objective^ - 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.

3.16.2.2 Biodi_8qrimination_ of'_Radipnuqlides_in_ A_quatia_
Fpod_Webs_ - D.R. Lee and B.J. Jeffrey ~

Samples of fish flesh collected last summer are
being processed for radionuclide measurements. Fish
fillets were steamed and separated into bone and flesh.

3.16.2.3 Groundwat_e^-Contaminqnt_ Flwc_tg_ Surfaee_
Waters£_ _Fi_el_d_Stulies - D.R. Lee and B.J.
Jeffrey ~

The project "Bedrock-Groundwater/Lake-Connection" is
underway. The purpose of the project is to develop and test
methods to be used in characterizing groundwater flow systems
around potential repository sites. It may also locate



3.16.2.3 Groundwater-Contaminant_ Flux_to Surfaoe_
Waters:Field jftudies ( t ' d r

discrete fractures for future empirical tests on flow
through fractured media and for studies of sorption-
desorption phenomena for critical radionuclides in
fractured rock.

From mid-February to mid-March four boreholes
(CR14, 15, 16, 17) were drilled to depths of 61 m on
land near the edge of Maskinonge Lake. Rock cores
were obtained for identification of fracture locations,
for examination of fracture infilling materials and for
determination of rock type. The cores from two holes
have been logged, some of the permeability test equip-
ment has been built, and partial bulkheads have been
placed at the outlet culverts of the lake.

The focus is the groundwater region near a bedrock
lakebed which is one of the likely discharge points for
groundwater flow. We will test the efficacy of a falling
lake test in determining the degree of connection between
groundwater in bedrock near a lake and the lake itself.
The present experimental work involves drilling, permea-
bility testing and water-chemical analysis in an initial
set of four vertical boreholes.

3.17 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. 3.17.1) are used to measure mean
exposure rates and the annual integrated exposures.
Results in Table 3.17 give the sum of contributions
from CRNL and natural gamma radiation.

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

Precipitation samples collected at Deep River
were analyzed radiochemically for 9°Sr 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 3.18.1.



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

Table 3.17. TLD Gamma Exposure Rates in Public Areas
Fourth Quarter 1980 (yR*/h)

Location
(see Fig. 3.17.1)

1
2
3
4
5
6
7
8
13

Harrington Bay**
Deep River

Fourth Quarter
1980

8.2
3.6
2.7
5.4
4.1
2.9
3.2
6.3
-
6.3
4.1

1978
Average

11.7
7.0
5.0
6.1
4.5
4.2
5.0
7.2

10.1
7.8
5.6

1979
Average

9.5
7.3
3.9
4.8
4.3
4.1
4.9
8.3
9.3
5.9
4.8

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

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

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

At CRNL, three liquid effluent streams discharge
radioactivity to the Ottawa River from the inner area.
They are the Process and Sanitary Sewers plus the 04
Storm Sewer combined with 04A seepage. Each of these
is sampled regularly and analyzed for individual nu-
clides. The mean daily release from the Process Sewer
is given in Table 3.19 for the fourth quarter of 1980.
Most of the radionuclides are measured by gamma ray
spectrometry.

Perch Creek (see Fig. 3.17.1), draining Perch Lake
and the Waste Management Areas, also flows into the
river and is sampled regularly. The total amount of

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



3.19 LIQUID EFFLUENT MONITORING (cont'd)

radioactivity discharged from CRNL per day is calculated
from the measured flow rates and radionuclide concentra-
tions in individual streams (Fig. 3.19.1). The plutonium
values represent 239pu pi u s 240pu.

Starting in 1980 the plutonium discharges (Fig.
3.19.1) are expressed in terms of activity per day
rather than mass per day. Since 239pu a mi 240pu cannot
be distinguished by alpha spectrometry and the two iso-
topes have different half-lives, it is more meaningful
to express the release rate in terms of activity. Com-
parison with previous release rates can be achieved by
applying the conversion: 1 mCi =16.3 mg*for 2 3 9Pu.

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 (MPC ) .

Table 3.19. Mean Daily Release from Process Sewer
Fourth Quarter 1980

Radionuclides

90Sr
1 3 7Cs
1 4 4Ce
1 O 6RU
1 4 0Ba
131,

2 3 9 N P

95Zr
54Mn
46Sc
59Fe
65Zn
60Co

Daily
mCi/d

0.8

10

1
<1

&2

8

£12

3

2

2

4

3

4

Release
MBq/d

30

370

37
£37

£74

296

£444

111

74

74

148

111

148

* 1 mCi = 3 7 MBq
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3.20 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 (sea Fig. 3.17.1) . Most
samples were combined and analyzed monthly for 3H as
well as quarterly for gamma-emitting radionuclides and
90sr. Strontium-90, g 0 C o an<j 3H a r e still the main
contaminants in the Perch Lake basin.

3.21 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 3.21. 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.

Table 3.21. TLD Gamma Exposure Rates in Exclusion Area
Fourth Quarter 1980 (iiR*/h")

Location
(see Fig. 3.19.1)

10 (office)2

11
163

Fourth Quarter
1980

19.9
12.2
8.6

11.3

1978
Average

30.8
13.4
10.1
10.6

1979
Average

30.5
13.2
12.5
10.2

Sum of natural 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
4̂ -Ar gamma ray is ^12. Background in the room due to
brick and concrete construction materials is 13 pR/h.

Office in CRNL cafeteria.

*1 R = 2.58 x 10-4 C/kg
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3.22 STUDIES OF THE BEHAVIOUR OF COBALT AND ACTINIDES IN THE
ENVIRONMENT - E.L. Cooper and J.O. McHugh

3.22.1 Speciation Studies of Radionuclides in Groundwater

Previous research into the characterization of
nuclide complexes in groundwater plumes from the Liquid
Waste Management Area has been extended (see Section
3.23, PR-HS-6, AECL-7232 for details of earlier work).

6 0 Studies of the nature and stability of the anionic
Co species in the East Swamp groundwater have been

conducted by examining the exchange of G^co in ground-
water with added 57co over a four-week period. By mon-
itoring the uptake of the complexed Co onto anion ex-
change resin and the cationic Co onto a strong cation
exchange resin (AG1 and AG50 respectively, supplied by
Bio-Rad Laboratories), it was found that (a) very
little exchange of Co nuclides occurred and (b) the
total complexing capacity of the groundwater for Co
was surprisingly low. Thus the *>0co complex in the
groundwater is stable with respect to substitution or
exchange in the short-term.

Confirmation that an organic component is
responsible for this phenomenon was obtained by ir-
radiation of groundwater with ultraviolet light.
Subsequent assay for complexed 60co by uptake on an
anion exchanger indicated that destruction of the
complex had been accomplished.

Neutron activation analysis has shown the total
cobalt concentration to be low (̂ 1-2 yg-L"1) in the
contaminant plume, but higher than that in uncontaminated
groundwater from the same area (̂ 0.2 lag-L"1) .

These findings suggest that the Co is released
into groundwater from soil as a complex, i.e. that
excess complexing ligand is unavailable. It seems
possible that subsurface biochemical processes may be
involved in the synthesis of complexed 60co. Attempts
are being made to localize the source of the complexed
60^0 by examination of groundwater proximate to the
disposal site.

In collaboration with R.M. Cassidy and S. Elchuk
of the General Chemistry Branch, the total and extract-
able "free" Co have been determined by a chemical
enrichment procedure. Preliminary results indicate
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3.22.1 Speciation Studies of Radionuclides in Groundwater
(cont'd)

that the groundwater Co is close to equilibrium with
the total Co. Gamma irradiation of the groundwater is
effective in destroying complexed Co, thus facilitating
the determination of total cobalt.

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

Work is continuing on the preparation of sources
of actinides for alpha spectrometry by coprecipitation
with lanthanide fluorides. We have established that
actinides in their lower oxidation states are carried
essentially quantitatively when sources are prepared
with 100 to 150 ug of lanthanide fluoride, while acti-
nides in the (VI) state remain almost entirely in
solution. Thus, the work during the past quarter has
been directed at establishing conditions under which
the various actinide elements can be quickly and
selectively oxidized or reduced. To date, we have had
good success in adjusting the conditions for the pre-
paration of sources of Th, Am, Cm, Np and Pu; however,
our attempts to rapidly reduce U(VI) to U(IV) for source
preparation have only been partially successful.

We are also using the information from these
studies for the development of a two-stage source
preparation procedure which allows us to separate a
mixture of Am, Cm, Np and Pu into one source containing
the Am and Cm and a second source containing the Np
and Pu. Although this procedure is still in the develop-
ment stage, it has recently been found to be quite
valuable for the analysis of a waste sample from Systems
Materials, as well as for analysis of effluent and tree
sap samples for actinides.

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

Analysis of the sap samples, collected during
1980, for total beta and gross alpha activities and
gamma emitters has been completed. These results are
presently being evaluated. Actinide analysis has also
been started. To date 239pu> 240pu an<3 238pu have been
identified in some sap samples.
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TRITIUM SURVEY - E.L. Cooper and G. Lahaie

Average concentrations of tritium in streams
within the CRNL exclusion area are giveii in Table 3.24
together with the amount released during the fourth
quarter of 1980.

Table 3.24. Tritium in Streams in the Exclusion Area
Fourth Quarter W5

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream1

Concentration
yCi/L

0.033

0.014

0.192

0.360

6.210

kBq/L

1.24

0.53

7.10

13.3

229.8

Quarterly Release
Ci

408

1.6

33

254

146

GBq

1.51 x 104

59

1221

9398

5402

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

3.25 SURVEY SUMMARY - E.L. Cooper

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

3.26 PUBLICATIONS

ANDREWS, H.R., G.C. BALL, R.M. BROWN, W.G. DAVIES,
Y. IMAHORI and J.C.D, MILTON. Progress in radiocarbon
dating with the Chalk River MP Tandem accelerator.
Radiocarbon 22(3); 822-829.

LEE, D.R. Reference toxicants in quality control of
aquatic bioassays, pp. 188-199 in Aquatic Invertebrate
Bioassays, ASTM STP 715, (A.L. Buikema, Jr. and J.
Cairns, Jr., Eds.). American Society for Testing
and Materials, Philadelphia, PA.

BUIKEMA, A.L., Jr., J.G. GEIGER and D.R. LEE. Daphnia
toxicity tests, pp. 48-49 in Aquatic Invertebrate
Bioassays, ASTM, STP 715 (A.L. Buikema, Jr. and J.
Cairns, Jr., Eds.). ASTM, Philadelphia, PA.
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MERRITT/ W.F. Gyttja, a low-level, high-organic

reference material. Environment International 3: 399-400.

3.27 VERBAL PRESENTATIONS*

3,27.1 Presented Papers
(A) Waste Management Information Meeting No. 9,

January 20-21, Toronto.

BARRY, P.J. "Modelling of aquatic pathways - General
information".

BARWELL, V.K. "Computer modelling in the overburden
and surface waters".

KILLEY, R.W.D. "Recent studies of groundwater trans-
port of radionuclides at CRNL".

LEE, D.R. "Transport into and within surface waters".

(B) Bioscience Subcommittee of Technical Advisory
Committee, March 13, Toronto.

BARRY, P.J. "Dispersion in lakes, streams and rivers".

KILLEY, R.W.D. "Shallow groundwater investigations for
the high level waste management program".

LEE, D.R. "General overview of research in groundwater
discharge zones".

3.27.2 Lectures or Seminars

CHAMP, D.R. "Nuclear for the naturalist". Pickering
Field Naturalists, Pickering, February 5.

CHAMP, D.R. "Radioactivity and our environment".
Environmental Studies students, Fellowes High School/
Pembroke, February 12.

*Papers in this section are generally not available in
print.
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3.27.2 Lectures or Seminars (cont'd)

LEE, D.R. "Surface-groundwater interface". Ground-
water Contaminant Class? University of Waterloo,
January 21.

OPHEL, I.L. "Radioecology, environmental pathways and
the impact of nuclear power generation". Trinity
College, University of Toronto, February 5. INVITED

3.27.3 Local Talks

(A) Visit of University of Toronto students,
February 16-18, CRNL.

McMAHON, J.W. and J.M. JUDD. Tour of environmental
research areas at Perch Lake ar.d Maskinonge Lake.

MERRITT, W.F. "Movement of radionuclides in the
environment".

(B) Other

CHAMP, D.R. Participant in Forum on Health Sciences
for Carleton Board of Education Professional Develop-
ment Day for High School Science Teachers, February 11,
CRNL.
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4 . RADIATION BIOLOGY BRANCH

by

D.K. Myers

4.1 Staff"

4.2 Aims of the Branch

4.3 Detection of y-Radiation and Neutron Radiation Damage and Repair in
Human Feripheral Blood Lymphocytes

4.4 Study of the Mechanism by which a Tumor Promoter (Phorbol Myristate
Acetate) Gives Rise to DNA Strand Breaks

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

4.6 Alkaline Extraction as a Preparative Method for Plasmid DNA

4.7 Heat Shock Induction of Radiation and Thermal Resistance in Yeast

4.8 The Genetic Effects of Tritiated Water on Saccharomyces cerevisiae

4.9 Low Dose-Low Dose Rate Genetic Effects in Yeast

4.10 Induction of Genetic Changes in Yeast

4.11 Photoreactivation of 5-hydroxymethylcytosine-Containing Dimers

4.12 Relative Lethality of Ionizing-Radiation-Induced Radical Species:
Effect of Recombinational Repair Deficiency

4.13 Assay of UV-Induced Pyrimidine Dimers in Human Cell DNA by High
Performance Liquid Chromatography (HPLC)

4.14 Methods for Assay of Interstrand Cross-Links in Human Cells

4.15 Unusual Sensitivity to Ultraviolet Light in Cultured Skin Fibroblasts
from Individuals with Hereditary Cutaneous Malignant Melanoma (HCMM)
and Dysplastic Nevus Syndrome (DNS)

4.16 Gamma-ray and Bleomycin Sensitivity in Skin Fibroblast Cells from a
Male with Breast Cancer after Thymic Irradiation

4.17 A Comparative Study of Carcinogenesis by Different Types of Ionizing
Radiation

4.18 The Genetic Risk to Man from Ionizing Radiation
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4.19 Assessment of Radiation Hazards to Human Populations

4.20 Publications

4.21 Verbal Presentations
4.21.1 Lectures or Seminars
4.21.2 Local Talks

4.22 Invited Speakers
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4.1 STAFF

Branch Head - D.K. Myers

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

M.A. Marko3

Radiation Damage in Cell Walls
and Membrane
R.E.J. Mitchel

Enzymatic Repair of Radiation
Damage to DNA
N.E. Gentner
B. Rozga1*

Assistants J.J. Jevcak
A.G. Knight

Assistant K.M. Baird

Assistant M.M.Werner

DNA Repair in Cultivated Human Cells
5

Repa
M.C. Paterson ~ Assi stants
N.T. Bech-Hansen
P.J. Smith5

D.A. Devlin5

P.A. Knight
B.M. Sell
B.P. Smith
S.J. MacFarlane6

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

Bacteriophage T4 Genetics
J.D. Childs

Radiation-Induced Tumors
D.K. Myers
N.J. Gragtmans7

Se:retary
B.C. Gillies

Animal House Supervisor
M.A. Jones

Laboratory Attendant
B
atory
.A. R uhnke

M.C. Wolfgram
E. Seguin

Assistant R. Pilon

Assistant L.D. Johnson

1Postdoctorate Fellow (Natural Sciences and Engineering
Research Council), terminated 1981 January 30.

2Attached Staff, Department of Biology, University of
Ottawa, 1980 May 15.
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Attached Staff, on Temporary Contract from 1981 January 26.

''Attached Staff, University of Lodz. Poland, supported by The Social
Sciences and Humanities Council of Canada; terminated 1981 February 20.

5Attached Staff under contract with the U.S. National Cancer
Institute Contract No. N01 81002 (REP No. NCJ-CP-FS-81002-65)
1980 April 08.

6Attached Staff under contract with the U.S. National Cancer
Institute Contract No. N01 81002 (REP No. NCI-CP-FS-81002-65)
1981 March 09.

'Attached Staff, on Temporary Contract from 1980 September 08.
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4.2 AIMS OF THE BRANCH

Research in the Radiation Biology Branch is directed towards
an understanding of the effects of ionizing radiation on living
organisms, with a particular interest in assessment of the genetic
and carcinogenic hazards of low-level radiation to human populations.
Attention is given to the entire chain of events by which the initial
radiation-induced changes in the living cell are translated into
significant biological effects. The most critical target for damage
by radiation or 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 is nearing completion and a manuscript is being
prepared for publication. The principal findings are that (1) 14MeV
neutrons, relative to 60Co y-rays, produce fewer initial DNA strand
breaks as detected by a fluorometric procedure described earlier
(PR-HS-4, section 4.3); (2) most breaks induced by neutrons are
repaired at a rate comparable to the slowly repaired (minor)
component of y-induced breaks. A model which takes into account the
relative densities of ionization as well as the arrangement of DNA
molecules within the chromatin fiber is being developed to explain
the lower apparent yield of total strand breaks and also the low
yield of double-strand breaks reported by other workers.

*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

Using our recently developed fluorometric method for detection
of DNA strand breaks (PR-HS-4, section 4.3), we have tested the
effect upon human peripheral white blood cells of the agent phorbol
myristate acetate (PMA). This agent is of interest because it is
a potent tumor promoter, i.e. when applied to the skin of an animal
it causes inflammation but induces no skin tumors; however, in
combination with a true carcinogen, it enhances greatly the yield
of tumors. PMA at concentrations of < 10"7 mol/L also induces a wide
range of seemingly unrelated effects ?n cultured cells. We examined
the possibility that PMA directly or indirectly was able to induce
DNA strand breaks and that other effects were secondary to this DNA
damage. PMA (< 10"7mol/L) was added to suspensions of white blood cells
and within 30 min of incubation at 37 C the cells suffered DNA



strand break damage approximately equivalent to 300 - 400 rads
( 3 - 4 Gy) of 60Co y-ieradiation. This damage is likely mediated via
62 and H 20 2 generated by phagocytic white blood cells in response to
PMA. The mechanism of damage is being explored further.

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

Nothing further to report.

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

We have earlier published an alkaline extraction method for
isolating plasmid DNA suitable for screening large numbers of
recombinant plasmids. An attempt was made last summer to adapt
this principle for isolating plasmids to the preparation of large
amounts of highly purified material as required for recombinant DNA
technology; results were promising but the project was not completed.
This project has now been restarted and the results thus far again
look encouraging. A very pure preparation in high yield of plasmid
DNA can be obtained without recourse to isopyknic centrifugation,
a tedious step required in most current preparation procedures.

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

Radiation resistance and thermal resistance vary as a function
of culture temperature in logarithmically growing Saccharomyces
cerevisiae, increasing to a maximum at a temperature corresponding
to the optimum temperature for growth, and then decreasing above
that temperature. Radiation resistance and thermal resistance can
also be induced, within one cell division, in cells grown at low
temperatures and then subjected to a heat shock at or above the
optimum growth temperature. Exposure to ionizing radiation followed
by a short incubation at low temperature also induced resistance to
killing by heat. Heat-shocked cells are induced to a level of
thermal and radiation resistance much greater than the characteristic
resistance level of cells grown continuously at the shock temperature.
This high level of resistance,which resembles that of stationary
phase cells, decays to the characteristic log phase level between
the first and second cell division after the heat shock. Both
induction of resistance and decay of that induction require protein
synthesis.

We postulate that induction of resistance by heat shock or
ionizing radiation ii : response of the cells to stress and
represents a preparation to enter stationary phase.
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4.8 THE GENETIC EFFECTS OF TRITIATED WATER ON SACCHAROMYCES CEREVISIAE -
D.P. Morrison, P. Unrau and E.F. Seguin

The 3H-B-ray induction of gene conversion in the yeast strain
AD4 has been reported to exhibit a dose rate effect - the induction
rate per unit dose being higher at 31 mCi (1.15 GBq)/mL than at 62
mCi (2.3 GBq)/mL. We have measured the induction of convertants
in AD4 at 3 levels of t r i t i a t ed water, namely, 48.6, 24.2 and 4.94 mCi/mL
(1.80, 0.89 and 0.18 GBq/mL). Linear regression analysis of the data
obtained gives the following relat ions:

f = 0.432 + 0.615 D (48.6 mCi or 1.8 GBq/mL)

f = 0.456 + 0.587 D (24.2 mCi or 0.89 GBq/mL)

f = 0.421 + 0.565 D (4.94 mCi or 0.18 GBq/mL)

where f is the frequency of prototrophs per 101* viable cells and D
is the'dose in kilorads (note: 1 kilorad = 10 Gy). An ear l ier
experiment at 26.7 mCi (0.99 GBq)/nt gave an increase in frequency pro-
portional to 0.633 D. These data do not support the hypothesis
that exposure to lower ac t iv i ty concentrations is more effective
per unit dose than higher ac t iv i ty levels.

4.9 LOW DOSE-LOW DOSE RATE GENETIC EFFECTS IN YEAST - P. Unrau,
M.C. Wolfgram and D.P. Morrison

We are testing the hypothesis that the RAD6 repair process
depends on information determined by base modification in the DNA.
Two base analogues are being tested which are expected to interfere
with base modification and hence with genetic f i d e l i t y and repair
systems. Lethal concentrations are now known and the effects of
these analogues on f luctuation populations are under investigation.
The effects on rad6 mutant strains are also being studied.

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

Since nitrous acid reacts with cytosine and adenine to form
uracil and hypoxanthine respectively (The Genetics of Bacteria and
thei r Viruses - William Hayes) which in turn pair with adenine and cytosine
respectively, HN02 should induce mutation in cel ls where the mutation
pathway is blocked by a defective gene. Prakash (Genetics 78:
1101-1118, 1974) reported approximately normal rates of reversion
of the cycl-131 gene in a homozygous rad6 mutant when treated with
HNO2 while reversion was greatly reduced when other mutagens
including u l t rav io le t l igh t and ionizing radiation were used. We
wondered i f th is also applied to the i i v l -92 locus in the D7»rad6
yeast strain and how the gene conversion rate at the trp5 locus
would compare with that of strains MU42, D7-52a and AD4.

We found that the reversion rate at the i l v l -92 locus in
the rad6 mutant was the same as that found for both MU42 and
D7«52a. When exposed to 0.1 mg/mL of NaNO2 in 0.1 M pH3.0 c i t ra te ,
we found:
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D7-rad6 11.2 revertants per 106 survivors
MU42 10.3 revertants per 106 survivors
D7»52a 11.0 revertants per 106 survivors

Thus n i t ra te , in contrast to ionizing radiat ion, does induce
back mutations (reversions) in a s t ra in lacking the RAD6 pathway
for dealing with DNA damage. On the other hand, both n i t r i t e and
radiation were found to induce gene conversion in the rad6 mutant.
These results indicate that care is required in selecting strains
to be used in mutagen test ing.

4.11 PHOTOREACTIVATION OF 5-HYDR0XYMETHYLCYT0SINE-C0NTAINING DIMERS -
J.D. Childs and R. Pilon

DenV mutants of phage T4 have an increased sens i t iv i ty
relat ive to wi ld type to mid UV l i gh t (300 nm - 320 nm) as
compared to far UV l i gh t (254 nm). We have previously shown that
a dimer containing 5-hydroxymethylcytosine (5HMC) may be responsible
for th is enhanced sens i t i v i t y . We also have indirect evidence that
this dimer cannot be photoreactivated when formed from glucosylated
5HMC in normal T^ DNA, but can be photoreactivated when formed from
non-glucosylated 5HMC in the DNA of a mutant of L* lacking both the
a and e glucosyl transferase enzymes (aBgt). We intend to obtain
direct evidence concerning photoreactivation of th is dimer by
incubating UV-irradiated T^ DNA with photoreactivating enzyme
(photolyase) in the presence of white l i gh t . Dimers remaining
after this treatment can be detected by paper chromatography.
V i r tua l ly a l l of the thymine-thymine dimers should disappear but
dimers containing glucosylated 5HMC should remain in tact . Labelled
DNA from wi ld type T^, aggt and cytosine-containing T4 has been
prepared as well as a crude extract of photolyase from yeast.
Preliminary experiments have been carried out to determine the
optimum conditions for the photoreactivation assay.

4.12 RELATIVE LETHALITY OF IONIZING-RADIATION-INDUCED RADICAL SPECIES:
EFFECT OF RECOMBI NATIONAL REPAIR DEFICIENCY - N.E. Gentner and
M.M. Werner

The ionizing-radiat ion-resistant haploid f iss ion yeast
Schizosaccharomyces pombe has been used as a model to study the
substantial contribution to lethal damage produced as an indirect
effect by the react iv i ty of various lonizing-radiation-induced
radical species. In the repair -prof ic ient wi ld type s t ra in , we
reported ear l ier that ( i ) the re lat ive le tha l i t y of e^q was
equivalent to that of «0H; ( i i ) in oxygenated solut ions, -OH
radicals were the major lethal component, being twice as lethal
as the superoxide anions (02~) produced; and ( i i i ) the major
reason for the oxygen effect was a 5-fold potentiate on of «0H-
radical-induced lethal damage in the presence of oxygen. Since
a s ister chromatid exchange recombinational process is the major
repair process, we wished to examine whether repair ac t i v i t y
might affect the lethal consequences of reaction with part icular
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radical species. To do so, we performed survival curve analyses,
under a series of dose-modifying irradiat ion conditions which
allowed us to mathematically derive survival curves attr ibutable to
specific radical species, for the recombination-deficient radl mutant.
We found a pattern very similar to that in wi ld type; in radl the
relat ive le tha l i ty was «0H/o », 2.82; 02~, 1.55; -OHf^), 1. I t
should also be noted that in rad l , as in wild type, egg exacts a
lethal effect at least as potent as the hydroxy radical. We conclude
that in Schizosaccharomyces pombe the recombinational system is
equivalently effective in repairing the consequences of reaction with
the various radical species.

4.13 ASSAY OF UV-INDUCED PYRIMIDINE DIMERS IN HUMAN CELL DNA BY HIGH
PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC) - N.E. Gentner, B. Rozga,
B.P. Smith and M.C. Paterson

The three UV-induced pyrimidine dimer species may be rapidly
separated by reverse phase high performance l iquid chromatography
on an octadecylsilyl stationary phase. We have employed this
technique to study the induction and repair of the two radioactive
dimer species (UraoThy and ThyoThy) obtained after hydrolysis/
deamination of 3H-thymidine-labelled DNA isolated from UV(254 nm)-
irradiated human fibroblasts. The strains studied were GM38
(normal); XP4BE (XP variant); XP25R0 (XP complementation group A);
and XP9R0 (XP complementation group C). The rate of induction of
each dimer species was linear up to 40 J/m2 fluence, and was the
same in a l l cell lines studied. For UraoThy, this rate was 0.034%
per 10 J/m 2 and for ThyoThy i t was 0.019% per 10 J/m2 where the
number of each dimer species is expressed as a percentage of total
thymine moieties. In normal cel ls , the two dimer types were
repaired with similar kinetics: approximately one half of each was
removed with t j , * 15 h and the remainder with t, = 80-100 h. By
120 h, only * 20% of the In i t i a l number of dimers remained in acid-
precipi table DNA. XP4BE (variant) exhibited repair kinetics for
either dimer similar to that for normal cells. In contrast, XP25R0
and XJ3R0 were markedly defective in removal of both dimer types
(at most 10 - 20% disappeared by 120 h post-UV incubation). These
data are consistent with the notion that a l l dimer types are acted
upon by a comon excision repair process.

"* experiments indicate that 3H-deoxycytidine precursor
r.. „• •> give fairly dC-specific DNA label l ing. This would
a l l MI of d?ier repair studies to the th i rd cyclobutyl
d-; UraoUrs. The va l id i ty of this labell ing protocol
1* .*ted jy comparison with the results obtained in DNA
fr-w.. of a generalized pyrimidine precursor, 3H-uraci l , after
enzymatic removal of labelled RNA.

4.14 METHODS FOR ASSAY OF INTERSTRAND CROSS-LINKS IN HUMAN CELLS -
N.E. Gentner and M.M. Werner

Three approaches have been tested to detect cross-linked duplex
DNA based on the expected rapid renaturabil i ty of cross-linked material,
These were based on biophysical and enzymatic assays which discrimi-
nate between double- and single-stranded DNA. We concluded that



- 68 -

none of these was sufficiently sensitive to be useful at physio-
logically significant concentrations of the cross-linking carcinogen
mitomycin C. This left the alkaline elution technique as the only
successful method at non-lethal concentrations of the carcinogen.
However, we find that this method yields results too variable for
the main object of this project: interstrain comparisons to test
for possible recombinational repair deficiency in fibroblasts from
individuals manifesting repair-defective/cancer-prone diseases. This
project is therefore suspended until development of alternative
approaches that allow improved reproducibility of the alkaline elution
technique.

4.15 UNUSUAL SENSITIVITY TO ULTRAVIOLET LIGHT IN CULTURED SKIN FIBROBLASTS
FROM INDIVIDUALS WITH HEREDITARY CUTANEOUS MALIGNANT MELANOMA (HCMM)
AND DYSPLASTIC NEVUS SYNDROME (DNS) - P.J. Smith, D.A. Devlin and
M.C. Paterson

Cutaneous malignant melanoma (CMM) is a neoplastic disorder
of the pigmented cells of the skin, in which the disseminated disease
is uniformly fatal. Since the incidence of CMM is rising rapidly
in many countries, the etiology and early detection of this cancer
are of considerable interest. The disorder can occur as an autosomal
dominant trait (i.e. HCMM) in persons with clinically and histologically
distinctive precursor moles (DNS). Thus persons with HCMM/DNS present
genetic situations in which host factors appear to contribute greatly
to cancer risk. Although environmental exposures, especially UV-
radiation, have been implicated in sporadic melanoma, the role of
such exposures in the pathogenesis of HCMM is unknown. This rela-
tionship between environmental and genetic factors has been explored
by determining the in vitro sensitivities of 5 fibroblast strains,
representing 4 HCMM/DNS families, to 2 model carcinogens, namely,
UV-irradiation and gamma-radiation.

Comparing 10% survival doses with those for normal strains
(17.7 ± 0.6 J/m* UV-radiation: 392 + 16 rad or 3.92 Gy oxic
gamma-radiation), the group of 5 HCMM/DNS strains was found to be
UV-sensitive (12.2 + 0.5 J/m2 ; p<0.001) but respond in an
essentially normal manner to gamma-radiation (355 ± 14 rad or 3.55 Gy;
p = 0.08). The normal response of HCMM/DNS cells to ionizing
radiation indicates that radiation sensitivity is not a general
feature but specific for UV-induced cellular damage.

Although melanoma patients are generally not considered
"sun-sensitive" in the manner of patients with XP, the limited
epidemiological data consistently indicate that, in comparison to
controls, melanoma patients burn and freckle more readily and tan
less well on sun exposure. Our results provide a rational basis for
the possible role of sunlight (or UV-mimetic environmental agents)
in the induction of malignant melanomas in such genetically pre-
disposed individuals.
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4.16 GAMMA-RAY AND BLEOMYCIN SENSITIVITY IN SKIN FIBROBLAST CELLS FROM
A MALE WITH BREAST CANCER AFTER THYMIC IRRADIATION - N.T. Bech-Hansen,
B.M. Sell and M.C. Paterson

In screening for genetic factors predisposing to cancer
in man, we have observed sensitivity to gamma-rays and bleomycin
in cells (2942T) from a male with a history of bilateral
gynecomastia (enlargement of the male mammary glands).

At the age of 30, he developed breast cancer within the
field of the radiation treatment (tissue dose of 108 rad or 1.08 Gy),
which he received at the age of 6 months for an enlarged thymus.
The occurrence of breast cancer in males is relatively uncommon
(0.07% versus 7% in females). An in vitro gamma-ray dose of
366 + 12 rad (3.66 Gy) resulted in 10% survival (D10 value) of this
strain, slightly but significantly (p < 0.05) different from the
mean of 407 ± 16 rad (4.07 Gy) for two normal control lines. The
differential response of 2942T was more strikingly illustrated by
its response to the radiomimetic glycoprotein bleomycin; the D10
value was 1.0 wg/mL compared to 3.6 yg/mL for the normal line
GM38. The survival response to bleomycin at a dose of 5 ug/mL
for 2942T was 1/14 that of the normal line (0.46% versus
6.5%). These in vitro features of gamma-ray and bleomvcin
sensitivity are being studied further as possible clues to the rea-
lans for the development of breast cancer in this individual.
Skin fibroblasts from three other family members are also being
studied to establish more clearly the origin of the possibly
cancer predisposing factor detected in strain 2942T.

[Supported in part by N.C.I. Contract N01-CP-81002]

4.17 A COMPARATIVE STUDY OF CARCINOGENESIS BY DIFFERENT TYPES OF
IONIZING RADIATION - N.J. Gragtmans, D.K. Myers, L.D. Johnson,
A.R. Jones* and A.H. Ohno*

An earlier report (section 4.17 in PR-HS-6) outlined the
use of mammary tumor induction in female Sprague-Dawley rats for
this study. The initial treatment of the various groups of rats
has now been completed; including the five groups of rats
described in the previous report, these treatments were as follows:

(1) 1.2 mCi (45 MBq) tritiated water per 100 g (as described
earlier); date of injections 1980 November 19-27.

(2) 2.4 mCi (89 MBq) tritiated water per 100 g; date of
injections 1980 November 19-27.

(3) 4.8 mCi (178 MBq) tritiated water per 100 g; date of
injections 1981 January 28-February 5.

(4) 10 mCi (370 MBq) tritiated water per 100 g; date of injections
1981 January 28-February 5.
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(5) 29.0 i 2.7 rads (0.29 Gy) chronic 200 .kV X-rays over 234
hours (as described previously) on 1980 November 19-29.

(6) 57.2 ± 2.7 rads (0.57 Gy) chronic 200 kV X-rays over 239
hours (as described previously) on 1980 December 9-19.

(7) 110.3 ± 6.6 rads (1.1 Gy) chronic 200 kV X-rays over 240
hours on 1981 January 28-February 7; X-ray unit four metres from front
of animal rack, setting 200 kV, 8.8 mA, large focus with 23 cm
plastic (Perspex) beam attenuator to reduce the nominal exposure
rate to 1 R per hour at front of rack.

(8) 199.5 ± 21.4 rads (2.0 Gy) chronic 200 kV X-rays over 240
hours on 1981 February 10-21; X-ray unit 4 metres from front of
rack, setting 200 kV, 4.4 mA, large focus with 15 cm Perspex
beam attenuator to reduce the nominal exposure rate to 2 R per
hour at front of rack.

(9) 56.9 ± 5.9 rads (0.57 Gy) acute 200 kV X-rays over one
hour (as described previously) on 1980 December 9.

(10) 178.3 ± 13.2 rads (1.78 Gy) acute 200 kV X-rays over one
hour on 1981 February 10; X-ray unit 1.85 metres from centre
of animal rack, setting 200 kV, 13.1 mA, no beam attenuator,
nominal exposure rate 570 R per hour at front of rack.

(11) 63.7 ± 10.8 rads (0.64 Gy) acute cobalt-60 gamma-rays over
1.2 hours on 1981 January 28. Gamma beam source 3.6 metres from
middle of animal rack, no attenuation, estimated exposure rate
60 R per hour.

(12) 92.8 ± 11.0 rads (0.93 Gy) chronic cobalt460 gamma-rays
over 242 hours on 1981 February 10-21. Gamma beam source 3.6
metres from middle of animal rack, beam attenuated by an
attenuator plug (3.5 cm of lead sandwiched between 0.7 cm of
steel on both front and back) plus a 5 cm lead wall plus a 0.4
cm sheet of brass on side closest to animal rack, estimated
exposure rate 0.25 R per hour.

(13) Control animals from each shipment of rats on 1980
November 19, 1980 December 9, 1981 January 28 and 1981
February 10.

Tritium concentrations in the urine and tissues of the
first four groups of animals are still being followed.

All groups of rats have now been returned to the animal
facilities in Building 404A. All rats are checked weekly for
the appearance of mammary tumors. Up to this date, nine tumors
have appeared:

Tritium 1.2 mCi (45 MBq) per 1. 49 days postinjection
100 g, treatment 1980 Nov. 19-27 2. 107 days postinjection
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Tritium 2.4 mCi (89 MBq) per 1. 64 days postinjection
100 g, treatment 1980 Nov. 19-27 2. 78 days postinjection

3. 91 days postinjection
4. 107 days postinjection

Chronic x-irradiation 57 rads 1. 43 days postexposure
(0.57 Gy), treatment 1980 Dec. 9-19 2. 57 days postexposure

Acute x-irradiation, 57 rads 1. 90 days postexposure
(0.57 Gy), treatment 1980 Dec. 9

Note,however, that these four groups with mammary tumors were
all groups which were exposed in 1980. Rats of most other
groups are younger and were exposed at a later date so that one
would not yet expect appearance of tumors in these groups.
Upon sacrifice of each animal, a complete post-mortem will be
done, including histological evaluation of each tumor.

Part of the financial support for the above study is
beinq provided by Ontario Hydro.
*Health Physics Branch

4.18 THE GENETIC RISK TO MAN FROM IONIZING RADIATION - J.D. Childs

In order to estimate the genetic risk to man from
ionizing radiation, one approach has been to use the doubling
dose method, in which the dose required to double the
spontaneous mutation frequency in the mouse is applied to the
assumed level of spontaneous mutation in man. In an attempt
to improve on this estimate, I have recently conducted a survey
of the spontaneous mutation rates in man for serious dominant
and X-linked recessive disorders. These are the disorders
which are most likely to increase in frequency in the first
generation following irradiation. From these data I have
recalculated the BEIR and UNSCEAR estimates for the genetic risk
from radiation. Both committees have estimated the number of
dominant and X-linked recessive disorders that might be induced
per million live births as a result of exposing a population to
1 rad (0.01 Gy) of low-dose-rate, low-LET radiation per 30-year
generation. The UNSCEAR estimates were 20 in the first genera-
tion following the exposure and 100 at equilibrium, while the
BEIR estimates were 5-65 in the first generation and 40-200
at equilibrium. Using the UNSCEAR estimate of 100 rad (1 Gy)
for the doubling dose and my estimate of mutation rate, I
would expect that the extra number of defects would be nine in
the first generation and 61 at equilibrium. These are likely
to be maximum estimates for two reasons. First, the doubling
dose is probably at least 240 rad (2.4 Gy), and second,
about 50% of dominant disorders are probably not maintained
by mutation and would therefore not change in frequency with
a change in mutation rate. Thus the extra number of defects
induced might be as low as three in the first generation and
12 at equilibrium.
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4.19 ASSESSMENT OF RADIATION HAZARDS TO HUMAN POPULATIONS - O.K. Myers

A major portion of the effort in this area during the past
quarter has been devoted to completion of a document entitled
"Low-level radiation: A review of current estimates of hazards
to human populations". The draft of this document, which deals
extensively with recent assessments published by various scientific
committees, has now been completed and is being circulated to a
number of individual scientists in Canada (including" AECL) and the
U.S.A. for comment before the final version is prepared.

4.20 PUBLICATIONS

Paterson, M.C., Smith, B.P. and Smith, P.J . , Measurement of Enzyme-
Sensitive Sites in UV- or y- I r radiated Human Cells Using
Micrococcus luteus Extracts. In "DNA Repair: A Laboratory
Manual of Research Procedures" (ed. by E.C. Friedberg and
P.C. Hanawalt), Vol. 1 , Pt. A, pp. 99-111. Marcel Dekker Inc . ,
New York, 1981.

Smith, P.J. and Paterson, M.C.: Gamma-ray induced inh ib i t ion of
DNA synthesis in ataxia telangiectasia f ibroblasts is a
function of excision repair capacity. Biochem. Biophys. Res.
Commun. 97, 897-905 (1980).

Smith, P-J-; Paterson, M.C. and Kraemer, K.H. In v i t ro radio-
sens i t i v i t y in a patient with dermatomyositis and cancer.
Lancet, January 24, pp. 216-217 (1981).

Smith, P.J. and Paterson, M.C.: Abnormal responses to mid-ul t ra-
v io le t l i g h t of cultured f ibroblasts from patients with
disorders featuring sunl ight sens i t i v i t y . Cancer Res., 41.,
511-518 (1981).

4.21 VERBAL PRESENTATIONS

4.21.1 Lectures or Seminars

N.T. Bech-Hansen: Radiosensitivity and DNA repair in cancer-prone
families and genetic disorders with neurodegeneration.
Presented to Dermatology Branch, U.S. National Cancer I ns t i t u te ,
Bethesda, Maryland, 1981 February 27.

H.C. Birnboim: Detection of DNA Strand Breaks in Human White
Blood Cells Following Exposure to a Tumor Promoter: Possible
Relationship to in vivo Tumor Promotion. Department of
Pathology, University of Toronto, 1981 March 20.

H.C. Birnboim: New Fluorescent Method For Detection of DNA Strand
Breaks in Human Cells: Study of y, neutron, chemical and
tumor-promoter (phorbol ester) - induced damage. Medical
Biophysics Branch, WNRE, 1981 March 23.
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N.E. Gentner: Importance and nature of recombinational repair
events in Schizosaccharomyces potnbe. Presented to Department
of Biology, University of Ottawa, Ottawa, Ontario, 1981 January 22.

N.E. Gentner: DNA Repair. Two hour lecture in graduate course
on "Molecular and Cellular Biology" (Biol. 8202 at University
of Ottawa; Biol. 520 at Carleton University). Presented at
Department of Biology, University of Ottawa, Ottawa, Ontario,
1981 January 22.

N.E. Gentner: Evolution - And Man's Place. Presented to Deep
River Science Association, Deep River, Ontario, 1981 March 1.

D.K. Myers: Radiation effects. N.W.T. Legislative Assembly,
Yellowknife, 1981 February 26-27.

M.C. Paterson: Ataxia-telangiectasia: A human inherited disorder
involving radiosensitivity, malignancy, and defective DNA
repair. A "Pfizer lecture", presented at the Clinical Research
Institute of Montreal, Montreal, Quebec, 1980 November 9.

M.C. Paterson: Ataxia-telangiectasia: An inherited human disorder
featuring cancer proneness, radiosensitivity and defective DNA
repair. Presented to the Department of Pediatrics, Faculty of
Medicine, University of Manitoba, Winnipeg, 1981 March 10.

M.C. Paterson: Heredity and Environmental Interections in Human
Cancer. Presented to the Cancer Foundation, Faculty of
Medicine, University of Manitoba, Winnipeg, 1981 March 11.

M.C. Paterson: DNA repair defect in xeroderma pigmentosum group
D cells. Presented to the Genetics Group, Health Sciences
Division, Faculty of Medicine, University of Manitoba, Winnipeg,
1981 March 11.

M.C. Paterson: Carcinogens, imperfect DNA repair, and human
cancer. Taped lecture for National Course on "Genetic
Engineering and Recombinant DNA", Nuclear Institute of
Agriculture and Biology, Faisalabad, Pakistan, 1981 February
14-28. (Course coordinator: Dr. A. Nasim, Biological
Sciences Division, National Research Council, Ottawa).

P.J. Smith: Laboratory studies on Rothmund Thomson Syndrome.
Presented to Cell Mutation Unit, University of Sussex,
Falmer, UK, 1980 December 12.

P.O. Smith: Enhanced carcinogen sensitivity and defective DNA
repair: Laboratory studies on the cancer-prone disorders
ataxi a telangiectasia and Rothmund Thomson syndrome. Presented
to Laboratory of Molecular Carcinogenesis, NCI, Bethesda,
Maryland, 1981 March 4.
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4.21.2 Local Talks

H.C. Birnboim and K. Deugau: New method for sequencing of
polypyrimidine stretches from cloned mouse DNA. CRNL,
1981 January 29.

H.C. Birnboim: DNA Damage in Human White Blood Cells Produced
by Exposure to Phorbol Ester: A Model for |n. vivo Tumor
Promotion. CRNL, 1981 March 12.

H.C. Birnboim and R.S. McWilliams: Repair of gamma-ray and
neutron damage in human peripheral blood lymphocytes. CRNL,
1981 March 19.

J.D. Childs: Genetic effects of radiation. Presented to
University of Toronto radiation biology students, CRNL,
1981 February 17.

N.E. Gentner: Radiation and the origin and evolution of life.
Presented to Carleton Board of Education High School Science
Teachers, Professional Development Day, CRNL, 1981 February 11.

N.E. Gentner: Biochemistry of DNA Repair. Presented to students
from University of Toronto radiation biology course, CRNL,
1981 February 16.

R.E.J. Mitchel: The Biological Effects of Radiation. Presented
to University of Toronto radiation biology students, CRNL,
1981 February 16.

M.C. Paterson: Forum on Health Sciences to Carleton Board of
Education High School Science Teachers, CRNL, 1981 February 11.

Blazej Rozga: Induction and repair of specific pyrimidine dimer
species, in normal human and xeroderma pigmentosum fibroblasts,
as analysed by high performance liquid chromatography. CRNL,
1981 February 12.

P.J. Smith: Cancer and defective DNA repair in humans. Presented
to University of Toronto radiation biology students, CRNL,
1981 February 18.

P. Unrau and N.E. Gentner: Rad-6, methyl cytosine and all that.
CRNL, 1981 January 8.

4.22 INVITED SPEAKERS

Dr. Michael McBurney, Department of Biology, University of
Ottawa, Ottawa, Ontario: Differentiation of Mouse Teratocar-
cinoma in Culture. 1981 January 23.

Dr. P.H.M. Lohman, Medical Biological Laboratory TNO, Rijswijk,
The Netherlands: Relation Between Mutation Induction and the
Induction and Repair of Specific DNA Lesions in Mammalian Cells.
1981 February 2.
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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

5.2.2.1 Personnel of CRNL
5.2.2.2 Personnel of Commercial Products
5.2.2.3 Personnel of Other Organizations
5.2.2.4 Environmental and Process Sample Analyses

5.2.2.5 Distribution of Tritium Exposure at CRNL

5.2.2 Tritium Dose Reporting

5.3 IN VIVO MONITORING

5.3.1 In Vivo Monitoring: Table

5.4 RADIOCHEMICAL SEPARATIONS

5.4.1 Gross Alpha Method

5.4.2 Gross Beta

5.4.3 Actinide Analysis

5.5 METABOLIC STUDIES

5.5.1 Ami no Acid-Metal Complexes

5.5.2 Technetium Metabolism

5.6 METABOLIC MODELS AND INTERNAL DOSIMETRY

5.6.1 Revision of AECL-6540

5.6.2 Fetal Thyroid Dose

5.6.3 Uranium Metabolic Model

5.7 PAPERS, REPORTS, PRESENTATIONS

5.7.1 Lectures



5.1 STAFF

Branch Mead

Secretary

Professional

Technical

Clerical

Waterloo Student

L.A. Kaden

J.R. Johnson
G.H. Kramer
B.F. Peterman

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

M. Gresham (Part-time)

H.C. Chint

5.2 BIOASSAY LABORATORY - J.R. Johnson

5.2.1 Notes to Tables 5.2.2.1 - 5.2.2.4

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
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.

f Working with J.R. Johnson, reported 1981 January 05
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7) Miscellaneous analyses included 1*C.

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 nCit was present in thyroid.

5.2.2 Tritium Dose Reporting

The programs have been altered to automatically detect samples
with tritium concentrations greater than 50 yCi/L.t A flag is raised
when this condition is recognized and the operator is required to
decide if the dose should be calculated in the normal manner, or
whether an acute intake should be assumed. If this is not done,
unacceptable large errors can occur between the actual dose and the
assigned dose if the individual has not been submitting samples
routinely, but whose last sample was less than 60 days before the
current one (see AECL-5507).

5.3 IN VIVO MONITORING - J.R. Johnson

5.3.1 In Vivo Monitoring Table

5.4 RADIOCHEMICAL SEPARATIONS - G.H. Kramer

5.4.1 Gross Alpha Method

The method currently used by the Bioassay Laboratory has been
checked for 239Pu. Preliminary results indicate that recoveries are
better than 60%. This study is being extended to other actinides.

5.4.2 Gross Beta

The method currently used by the Bioassay Laboratory has been
checked for 90Sr/90Y, "*fe/"*Pr and 133Ba. The recoveries were
79±5, 104±12 and 45±9%, respectively. The recovery of 90Sr/90Y
can be increased to 98±2% by use of carriers. Time dependent studies
indicate that an equimolar mixture of 90Sr and 90Y is coprecipiated
from urine by this method. A report on these results is being
prepared.

5.4.3 Actinide Analysis

Coprecipitation of actinides by ferric hydroxide appears to give
satisfactory recoveries. Solutions obtained from the urinalysis
procedure for actinides (see AECL-6879) were spiked with curium; better

t 1 Ci = 37 GBq



Table 5.2.2.1

Bioassay Analyses

PERSONNEL OF CHALK RIVER NUCLEAR LABORATORIES

1980-1981

B-emitters (2)

Tritium (3)

Iodine (4)

Y-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

DECEMBER

TOTAL

303
225

430
233

47
30

284
209

17
12

11
10

0
0

1092
3

Positive (1)

Number

0
0

0
0

0

0
0

0
0

0
0

-

0

t

0
0

0
0

0

0
0

0
0

0
0

-

0

JANUARY

TOTAL

225
156

303
184

67
35

203
149

2
2

C
M

 
C

M

0
0

802
5

Positive

Number

0
0

0
0

0

0
0

0
0

0
0

-

0

(1)

%

0
0

0
0.

0

0
0

0
0

0
0

-

0

FEBRUARY

TOTAL

254
199

443
231

49
26

234
144

12
9

13
9

0
0

1005
9

Positive

Number

0
0

0
0

0

0
0

0
0

0
0

-

0

(1)

%

0
0

0
0

0

0
0

0
0

0
0

-

0

TOTALS

TOTAL

782
580

1176
648

163
91

721
502

31
23

26
21

0
0

2899
17

Positive

Number

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

I

CO



Table 5 .2 .2 .2

Bioassay Analyses

PERSONNEL OF COMMERCIAL PRODUCTS

1980-1981

B-emitters (2)

Tritium (3)

Iodine {>)

Y-etnitters (S)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

DECEMBER

TOTAL

7
7

0
0

18
12

20
19

0
0

0
0

1
1

45
8

Positive

Number

0
0

-

0

0
0

-

0
0

0

(1)

t

0
0

-

0

0
0

-

0
0

0

JANUARY

TOTAL

10
10

0
0

10
10

22
19

0
0

0
0

5
5

47
1

Positive (1)

Number

0
0

-

0

0
0

-

-

0
0

0

%

0
0

-

0

0
0

-

-

0
0

0

FEBRUARY

TOTAL

13
10

0
0

14

n
18
16

3
2

0
0

15
11

63
9

Positive (IL

Number

0
0

-

0

0
0

0
0

-

0
0

0

x

0
0

0

0
0

0
0

-

0
0

0

TOTALS

TOTAL

30
27

0
0

42
33

60
54

C
O

 
C

M

0
0

21
17

155
18

Positive

Number

0
0

-

0

0
0

0
0

-

0
0

0

(1)

J

0
0

-

0

0
0

0
0

-

0
0

0

!



Table 5.2.2.3

Bioassay Analyses

PERSONNEL OF OTHER ORGANIZATIONS

1980-1981

3-emitters (2)

Tritium (3)

Iodine (4)

^-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

DECEMBER

TOTAL
Positive (1)

Number

NO

SAMPLES

RECEIVED

IN

DECEMBER

JANUARY

TOTAL

3
1

0
0

2
1

1
1

0
0

0
0

o •
0

6
0

Positive

Number

0
0

0

0
0

-

0

(1)

%

0
0

0

0
0

-

0

FEBRUARY

TOTAL
Positive (1)

Number

NO

SAMPLES

RECEIVED

IN

FEBRUARY

x

TOTALS

TOTAL

3
1

0
0

2
1

1
1

0
0

0
0

0
0

6
0

Positive

Number

0
0

0

0
0

-

0

(1)

%

0
0

0

I
I 

O
 

O

-

0

OO

o



Table 5.2.2.4

ENVIRONMENTAL AND PROCESS SAMPLE ANALYSES

1980-1981

AECL

Tritium
a-emitting actinides
P-emitters
Y-emitters

OTHER ORGANIZATIONS

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

TOTALS

DECEMBER

489
0
0
0

0
0
0
0
7

496

JANUARY

423
0
0
0

0
0
0
0
0

423

FEBRUARY

340
0
0
0

0
0
0
0
0

340

TOTALS

1252
0
0
0

0
0
0
0
7

1259

I

CO



Table 5.2.2.5

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1981 JANUARY 01 - MARCH 31

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

TOTALS

% of Persons

0-49
mrem

38
31
12
7
27
20
4
0
10
8
0

157

55.5

50-99
mrem

7 -
38
0
8
14
3
1
0
1
0
0

72

25.4

100-199
mrem

6
24
0
15
0
0
0
0
0
0
0

45

15.9

NUMBER

200-299
mrem

1
2
0
2
2
0
0
0
0
0
0

7

2.5

OF TESTED

300-399
mrem '

0
0
0
1
0
0
0
0
0
0
0

1

0.4

PERSONS IN

400-499
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

GIVEN DOSE RANGES

500-999
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

1-3
rem

0
0
0
0
1
0
0
0
0
0
0

1

0.4

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

52
95
12
33
44
23
5
0
11
8
0

283

Total
mrem

2047
7443
99

3610
3713
746
63
0

159
24
0

17904

100

GO

NOTES TO TABLE ABOVE

(1) Doses are estimated from t r i t ium 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 signif icant f igures.



Table 5 . 3 . 1

IN VIVO MONITORING

1980 December - 1981 February

NRU
NRX
Chemical Operations
E.I.& P.
R.& I.S.
Fuels and Materials
Reactor Loops
Instrument Development
U F f. 0N.C.o r.

Special Projects
Mechanical Services
Advanced Projects and

Reactor Physics
Chemistry & Materials
Health Sciences
Physics
Miscellaneous
Retirements 8 Terminations

Whole Body Monitoring

Number*

40
78
2
1
3
14
1
2

5
83
4

13
5
2
10
43

No. Positive

3
14
2

9

Lung Monitoring

Number*

1

2
10

O

L

3

3

No. Positive

1

Other Monitorinq

Number*

1

4A

No. Positive

Clothing Monitoring

Number*

35
78

1
1
1

2
83

1

No. Positive

5
36

17

CO

NOTES:

* Number - Number of people monitored in period
1) Greater thai "0 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).

+ 1 Ci = 37 GBq
A Medical Exposures



than 85% was recovered by the c'oprecipitation method. It was found
necessary to add a small (50 yg) amount of cerium in the case of
neptunium to obtain recoveries of essentially 100%.

Spiked urine solutions, which have been analysed as previously
described, gave more erratic results. The recovery of americium
and curium was essentially 100%; however, plutonium and neptunium
are unpredictable giving recoveries of 47±18 and 32+20, respectively.
The cause of this erratic behaviour is not yet understood and work
is continuing.

5.5 METABOLIC STUDIES

5.5.1 Ami no Acid-Metal Complexes - G.H. Kramer

The literature review on this topic is nearing completion and
a report is being prepared.

5.5.2 Technetium Metabolism - J.R. Johnson

A study of the metabolic behaviour of pertechnetate in rats, in
conjunction with staff from Radiation Biology Branch, will start as
soon as a supply of Tc-95m is obtained. A purchase requisition has
been issued and we expect to receive the isotope within the next
quarter.

5.6 METABOLIC MODELS AND INTERNAL DOSIMETRY - J.R. Johnson

5.6.1 Revision of AECL-6540

Incorporation of the new source-target dosimetry factors obtained
from ORNL in the calculation of adult dose conversion factors is
complete. The extrapolation of these dosimetry factors to infants to
calculate infant dose conversion factors has been delayed because o*
staff shortages.

5.6.2 Fetal Thyroid Dose

The age dependent model previously used to calculate doses from
radioiodine intakes has been extended to include the fetus and fetal
thyroid doses from intakes of radioiodine by the mother have been
calculated. A paper is being prepared for publication.

5.6.3 Uranium Metabolic Model

The data obtained from a joint Atomic Energy Control Board-Radiation
Protection Bureau (H.W.C.)-CRNL study of Canadian natural uranium
fuel fabrication workers is being analysed with the computer code
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FORDAU to see if the ICRP models recommended for use with U02 can
adequately describe its metabolism. Data include personal
air sampler results, thorax monitoring and urinary excretion rates.
Preliminary results indicate that model parameters recommended by
ICRP need modification to fit the data.

5.7 PAPERS, REPORTS, PRESENTATIONS

5.7.1 Lectures

Johnson, J.R. - "Internal Dosimetrjy Requirements at a Fuel
Reprocessing Plant", S.J. Towns arid Associates, CRNL, 1981 January 14.

Johnson, J.R. - "Internal Dosimetry at CRNL". Presented to visiting
University of Toronto students, CRNL, 1981 February 17.
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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 ton-OccupationaI 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 LABORATORY1 PROCEDURES

6.7.1 X-Ray Department
6.7.2 Haematology
6.7.3 Urine

6.8 TOTAL HOSPITAL PROCEDURES



6.1 STAFF

6.2

6.2.1

Branch Head D.W.S. Evans
Secretary V.A. Schizkoske
Nurses A. Kinloch

J. Williams
Medical Technicians M. Plattner

J. Shaw

W.J.P. Cooke and L. Gutzeit terminated employment 1980 December 30.

CLINIC PROCEDURES

Occupational Accident and Illness

AECL
NaTe

Female

Others
Male

Femal e

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

Dec.

35
24
59

—

Jan.

23
21
44

—

—

Feb.

29
29
58

2

1

Total

161

2

Grand
Total

3
_3
6

1

6.2.2 Non-Occupational Accident and Illness

AECL
MiTe

Female

Others
Male

Female

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

170

311
143
454

31
17
48

1
1

~2

3
--
~3

385
200
585

39
28
67

3
__
~3

3
2
5

312
215
527

46
21
67

1
__
T
6
3
9

1566

182

6

17
1771
1941
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6.3 CLINIC VISITS BY WORK CATEGORIES

6.4

AECL
Chalk River Env. Auth.

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

Finance
Commercial Operations

Operations
General Services
Maintenance & Construction
Plant Design

Health Sciences

Chemistry & Materials

Physics

Applied Research & Dev't

Others
Crawley & McCracken,
Attached Staff, etc.

Dec.
Staff P.R.

35 10

18 5

98 259

19 --

16 -

25 —

76 --
287 274

12

Jan.
Staff P.R.

1 --

32 43

21 4

114 306

27 --

28 --

26 ~

94 --
343 353

10

Feb.
Staff P.R.

1 —

33 20

19 8

111 286

22 —

26 --

21 --

107
340 314

8

Total

2

173

75

1174

68

70

72

277
1911

30
1941

BREAKDOWN BY INTERNATIONAL CODE

Infeccive 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

Dec. Jan. Feb.
Grand
Total

2
1

85

—

4

40

27
90
12
23

10

294

2
110

1

5

38

60
139
6
23

3

387

1
7

103

—

2

47

47
183
5
26

8

429"

3
10

298

1

11

125

134
412
23
72

21

lTIO'
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6.4 BREAKDOWN BY INTERNATIONAL CODE (continued)

6.5

6.6

Dec. Jan. Feb.

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

301 298 296

MEDICAL EXAMINATIONS

Dec. Jan. Feb.
AECL
Male

Female

Others
Male

Female

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

9
4
13

13
3
16

6
1
7

«

16
11
27

5
2
T
l
2

~3

1
1

7

"8

2

"3

5

zz.

Total

48

26

15

NON-OCCUPATIONAL ABSENTEEISM

Grand
Total

ought

45
21

131
16
27
18
23

3
10
5

: forward

38
29

117
12
29
17
31

2
11
4

42
23

92
14
45
13
44

7
9
1

1110

125
73

340
42
101
48
98

12
30
10

16

2005

Grand
Total

90

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

Chalk River Env. Auth.
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6.6 NON-OCCUPATIONAL ABSENTEEISM

Dec. Jan. Feb.
Ma1e_Fema1e Maie Female Male Female

Total brought forward

Quality Assurance 34*5
Tech. Info. & Univ. Rel.
Administration

30% 37% 62 2%

Total

5

194%

6.7

6.7.1

Finance
Commercial Operations

Operations
General Services
Maint. S Const.
Plant Design

Health Sciences

Chemistry & Materials

Physics

App. Res. & Dev't.

LABORATORY PROCEDURES

X-Ra.y Department

AECL
Male - Routine

- Special

Female - Routine
- Special

Others
Male - Routine

- Special

Female - Routine
- Special

19

255

57%

65%

67

165
663%

32

53

9%

16%

10%

34
186

Dec

32
27
59

1

"I

5

~5

1

^T

49;

305

48

64

66

232
802

•

h 53

102

12

15%

19%

43
' 30T~

Jan.

25
11
36

2
1
3

I

23

250%

31%

45%

73

173
599

Feb.

21
30
51

1
1
2

3

~3

34

34%

23%

8

8%

22

mr

Total_

146

6

5

4

210%

1000

182

215

244%

669
2720%

Grand
Total

161



6.7 LABORATORY PROCEDURES (continued)

6.7.2 Haematology

6.7.3

6.8

AECL
fiaTe

Femal e

Others
EaTe~

Female

Urine

AECL
RiTe

Femal e

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

TOTAL HOSPITAL PROCEDURES

Total brought forward 161

Grand
Dec. Jan. Feb. Total Total

115 130 133
124 141 150
239 271 283

23
25
48

17
18
35

20
22
42"

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

573
498
36
31
46
33
23

T240

704
490
38
15
54
93
25

1419

664
529
16
11
30
89
27

1366

793

125

113
6

119

23
3

26

124
3

127

15
3
18"

128
1

129

17
2
19

375

63

918

438
1517
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