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HEALTH SCIENCES DIVISION SUMMARY

A.M. Marko

Health P h y s i c s

The c o n s t r u c t i o n and testing of a prototype of the
r e - d e s i g n e d , a u t o m a t i c TLD reader is c o n t i n u i n g . The new design
includes many additional features which have been added for the
c o n v e n i e n c e of the user in normal o p e r a t i o n s and to f a c i l i t a t e
the i n v e s t i g a t i o n of unusual behaviour either by the reader or
due to s p u r i o u s e f f e c t s in exposed d o s i m e t e r s .

Environmental gamma radiation m o n i t o r i n g previously
c a r r i e d out using unmounted TLD chips held in groups of 4 in
c a p s u l e s is now being done with standard dosimeter plaques held
in pairs in personnel dosimeter b a d g e s . A calibration e x p o s u r e
is now given to each badge following each period of use whereas
p r e v i o u s l y a nominal c a l i b r a t i o n for each batch of unmounted TLD
c h i p s was used.

An e v a l u a t i o n of a new TLD m a t e r i a l , ^ y y
d e v e l o p e d in Yugoslavia is being carried out. This material in
the form of compressed tablets may be mounted on standard
d o s i m e t e r plaques and it has several a t t r a c t i v e advantages over
T L D - 1 O O ; it is more s e n s i t i v e , it has a simple glow curve
s t r u c t u r e and p r e a n n e a l i n g is not r e q u i r e d .

A high range beta radiation dose rate meter has been
d e s i g n e d using silicon p h o t o d i o d e s . It will operate over the
r a n g e from 1 rad/h (0.01 Gy/h) to 20 krad/h (200 G y / h ) . The
d i f f u s e d junction p h o t o d i o d e s were found to have superior
c h a r a c t e r i s t i c s to surface barrier d e t e c t o r s which were also
examined and found to suffer from substantial and v a r i a b l e
t e m p e r a t u r e e f f e c t s .

A c o m p i l a t i o n of the physical data required to relate
d e t e c t o r r e a d i n g s to doses in neutron d o s i m e t r y has been prepared
for a manual on c r i t i c a l i t y accident d o s i m e t r y which is to be
p u b l i s h e d by IAEA. Work has continued in the d e v e l o p m e n t of a
c o m p u t e r program to provide beta dose d i s t r i b u t i o n s from point
and extended sources in air and w a t e r .

The design of a s i m p l e , light-weight tritium monitor
c a p a b l e of m e a s u r i n g c o n c e n t r a t i o n s in air exceeding l ( M P C ) a
has been completed and e n g i n e e r i n g data are being prepared. The
instrument weighs less than 1.5 kg. Studies are in progress of
the t r a n s f e r c h a r a c t e r i s t i c s of tritiated water from liquid
s c i n t i l l a t o r t h r o u g h plastic membranes ( N a f i o n ) . A stand-by
power supply for use with x e n o n - i n - a i r m o n i t o r s used in the
9 9 M o production plant has been completed.
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A pocket-si zed gamma radiation warning dosimeter which
has a numerical display of the accumulated dose has been developed
and an engineered prototype is being tested by users. A low-level
passive radon monitor has been modified by replacing the TLD
detector with a scintillation counter to allow measurements to be
made of short-term fluctuations in radon-in-air concentrations.

Environmental Research

In CRNL soils, oxides and hydrous oxides of iron and
manganese are suspected of being the primary sites for absorption
of arsenic (and other multivalent elements) onto the sediments.
Iron oxide coatings are evident on the sand grains. Acidified
hydroxylamine has beer used to strip the oxide coatings from soil
loaded into field columns. The columns were subsequently equili-
brated with groundwater until stable pH-E^ readings were
obtained in the effluents. The sorption of arsenic on these
stripped columns is now being studied to give a direct indication
of the role of hydrous oxides in arsenic migration.

The first successful test through fractured rock at
CRNL has been completed. The tracer used was un-labelled iodide
and samples were taken from a nearby observation well over a
24-hour period. A characteristic breakthrough curve was
obtained.

Continuing improvements have been made in source
preparation and measurement techniques in the collaborative
experiments on accelerator measurement of low levels of carbon-14.
A sample of carbonate from groundwater was measured as 22190 _+
1270 years B.P.* compared to 24290 _+ 420 measured radiometrical ly
at the University of Waterloo. Results are now limited primarily
by the low beam intensity obtainable from the ion source.

The NUTRAN code, documentation and test data has been
delivered by The Analytic Sciences Corporation (TASC). NUTRAN is
a comprehensive, multiple code program that can be used to
estimate doses to the biosphere due to radionuclide releases from
a geological repository. The code will be installed on an outside
timesharing service.

Soil-groundwater distribution ratios for cobalt-60 have
been measured in situ in the discharge from the CRNL Chemical Pit
seepage. Distribution factors are extremely variable, ranging
from about 1 to 80 mL g~l. Non-equilibrium desorption of
fixed radioactivity is suspected, although other studies indicate
that at least some of the cobalt-60 in this area is present in the
interstitial water as an anionic complex.

*B.P. = Before Present
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Radiation Biology

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

Application of the new f 1 uorirnetric method for studying
radiation damage to the DNA of cells in human blood is progressing
rapidly. This study has attracted interest from the Department of
Health and Welfare as well as from the University of Ottawa, each
of whom has sent one person at their own expense to learn how to
use this new method.

The application of recombinant DNA techniques to the
study o f structure of genetic material has been initiated. By
this method, one single DNA molecule representing for example a
single gene from a single human cell, can be grown into unlimited
quantities in appropriate microorganisms. This technique has made
it possible, for the first time, to carry out a detailed chemical
analysis of the structure of one particular piece of DNA from a
mammalian eel 1.

Draft documents prepared for the next meeting of the
United Nations Scientific Committee on the Effects of Atomic
Radiation are being reviewed. This committee is in the process of
preparing authoritative international review on levels and effects
of ionizing radiation. Participation in the review process
provides a valuable contact for AECL personnel to keep in touch
with general scientific opinion on the significance of recent
findings and also to ensure that relevant data from AECL
laboratories are brought to the attention of this international
committee.

Work is continuing on induction of genetic changes in
yeast by radiation and other agents, on the free radicals
responsible for these changes, on photoproducts formed in DNA by
ultraviolet radiation, on methods to study DNA damage and repair
in irradiated human cells, on radiation sensitivity of cells from
humans with various diseases associated with susceptibility to
cancer, and on induction of cancers in rats by radiation in
combination with environmental chemicals.
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Biomedical Research

Work on radon and thoron daughter dosimetry was
initiated in conjunction with a Nuclear Energy Agency Working
Group. This work is directed towards defining the range of
parameters in air for which the Working Level concept is an
appropriate measure of radiation risk.

A World Health Organization Working Group met in June
for discussions on the health aspects related to the disposal of
high level waste. One of the outcomes of the discussions was a
recommendation that the criteria for acceptability of waste
disposal options should be based on a probablistic calculation of
radiation dose.

The program of improving the radiochemical procedures
and documentation for the bioassay performed at CRNL is
continuing. A procedure for the separation of ^55 an(j
32p was developed. Initial difficulty with co-precipitation
of 40« a n £j 35s with barium sulphate was overcome by the
use of an ion exchange column to remove all cations from the
solutions before precipitation.
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2.1 STAFF

Branch Head

Secretary

G. Cowper

N.L. Hayward

W.G. Cross
H. Ing (1)

A.R. Jones
C. Wernli (2)

R.V. Osborne
R.G.C. McElroy

R.M. Holfbrd

Personnel Monitoring

Draftsmen

Student Assistants:

Assistants;

Assistants:

Assistants:

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

A.H. Ohno
W.F. Richter

A.S. Coveart
R. Surette

Assistant: L.W. Shankland

R.M. Rondeau
J.M. Vincent

B.A. MacDonald (3)
J.H. Sneddon (3)

D. Friend, Waterloo Student, reported for duty 21 April
1980 for 4 months working with A.R. Jones and W.F.
Richter.

S.A. Harding, Local Summer Student, reported for duty
20 May 1980 working with R.M. Rondeau.

M. Singh, National Summer Student, reported for duty
1 May 1980 working with R.G.C. McElroy

(1)

(2)

On attachment to Stanford University commencing
19 July 1979 for a one-year term.

Attached from Federal Institute for Reactor
Research, Switzerland, reported 4 September
1979 for a one-year term.

(3) On loan from Drawing Office.
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2.2 FAST NEUTRON DOSIMETRY

2.2.1 Reference Data for Criticality Accident Dosimetry
W.G. Cross

As part of a technical manual on the dosimetry
of criticality accidents to be published by IAEA,
a compilation, has been made of the physical data
required for relating detector readings to doses.
This includes tables of kerma and dose factors,
probabilities of neutron capture in the body, cross
sections of threshold detector reactions, mean dose
factors and mean cross sections of these reactions
for fission neutrons transmitted through various
materials, radioactive decay data for activation
and fission detectors and self-shielding correction
factors for resonance detectors. The data are taken
from the most recent evaluations of these quantities.
A description of the use of the IAEA Compendium of
Neutron Spectra1 in determining neutron doses is
also given.

2.3 BETA DOSIMETRY

2.3.1 Calculation of Beta Dose Distributions
W.G. Cross, N.O. Freedman

Development of a computer program, described in
PR-B-123 (AECL-6679) has continued. While most of the
modifications affect the print-out rather than the
calculations, the program now handles nuclides that
decay partly by positron and partly by negatron emission.
Preliminary results have now been obtained for 21
additional nuclides.

2.3.2 High Range Skin Dose Rate Meter
C. Wernli

Extensive tests with surface barrier nuclear
detectors showed that difficulties can arise when
these detectors are used in a non-biased mode of
operation. The main problem consists in the
temperature dependence of the sensitivity, which
was found to vary between 0.1 and 3.2% per °C for

1 H. Ing and S. Makra, IAEA Technical Report Series No. 180,
Vienna, 1978.
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different detectors. Tests were carried out with
diffused junctions and good results were obtained for
planar diffused silicon photodiodes. One of these
photovoltaic devices is therefore used in the prototype
instrument instead of a (more expensive) surface
barrier nuclear detector. The effective thickness of
the detector is ^30 mg/cm2 and the response to g-rays
of different energies is about the same as for the
thin teflon TLD which is in routine use for extremity
^.osimetry at CRNL. The lowest dose rate measurable
with the instrument is 1 rad/h (0.01 Gy/h) and the
upper end of the scale is 20 krad/h (200 Gy/h).

The prototype instrument was tested for all
relevant performance characteristics listed in the
instrument evaluation report NRPB-IE15, June 1979,
Harwell, U.K. The results show that the instrument
is ready now for a field test.

2.4 THERMOLUMINESCENCE DOSIMETRY (TLD)

2.4.1 Automatic TLD Reader
A.R. Jones

Construction and testing of the mechanical and
electronic components of the prototype of the redesigned
reader continues.

A commercial microprocessor printed circuit has been
received and is being used with the prototype. Its use
eliminates the need to design printed circuit boards.

A set of circuits have been designed to interface
the microprocessor with its inputs which include:

- the ADC (which provides a train of pulses whose number
is proportional to dose)

- the photomultiplier temperature

- the monitoring thermocouple temperature

- the plaque identity number.

The interface with the ADC includes a 7-decade
register replacing the 6-decade register in the earlier
TLD reader. This change allows use of the full range
of the ADC and mixing of TLDs with greatly different
sensitivities. These circuits have been mounted on a
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wire-wrapped board and tested.

Circuits to interface the microprocessor with its
outputs have also been designed and they include -

- control of the stacker in the output magazine

- audible and visible alarms

- start and stop control of the teletype motor

- control of the ADC conversion ratio when changing from
the thic:; to the thin TLD chips.

Stepping motors to move the shuttle and raise the
anvil have been received, installed and tested. The
anvil stepping-motor has a linear drive and it is planned
to raise the anvil to a set height rather than raise it
until the TLD pushes the thermocouple against the light
guide as in the earlier TLD reader. Thus the monitoring
thermocouple is now thermally isolated from the light
guide by an air gap.

A dual power supply has been designed, tested and
built, to provide isolated 12 V power for the stepping
motor and the electronics.

A flexible light guide has been received, installed
and tested. It has the same optical performance as the
former rigid light guide and does not need precise
location of the photomultiplier or careful fitting by a
glass blower.

A tritiated light source (of the type used in wrist
watches) has been tested. Unlike the LED, tested
previously, it can be mounted in the moving shuttle and
brought to exactly the same position as the TLD when it
is heated. It is a strong source (200 mCi) (7.4 GBq) and
gives, in a 1 s exposure with a 1 mm aperture, as much
light as a TLD-100 dosimeter exposed to 200 R. This level
of exposure does not affect the gain or dark current of
the photomultiplier. Tests also showed that a temperature
change of 20°C changed the tritium source output by less
than 2% while that from the LED changed by more than 5%.
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A number of codes for the microprocessor have
been written and partly debugged. Before doing so the
subroutines were recast in modular form. Although
this slightly increases cycle time it makes it easier
to modify one part of the program without affecting
others. The total cycle time, including 1 s for light
source checking, is 21 s and 3.3 s when the TLD plaques
are read for identity only. A typical cycle time on the
existing reader is 26 s. Codes have been written to:

- permit the user to set the anvil drop temperature
from the teletype keyboard

- detect a photomultiplier temperature outside pre-set
limits and to detect a pre-determined temperature
change in the course of reading one magazine

- raise and lower the anvil a fixed number of steps

- detect when the teletype is running out of paper and
end the automatic mode at the end of the reading cycle
in which this condition is detected

- stop the teletype motor 10 minutes after its last use

- move the shuttle a pre-determined number of steps
between different stages in the read cycle and to
compare the positions of the stopped shuttle with
those required by using optical sensors which detect
engraved lines on the black surface of the shuttle

- provide a means for a maintainer to stop the shuttle
at various stages in its read cycle in order to examine
the operation of the reader closely

- provide a special read cycle to convert the automatic
reader to a manual operation for unmounted TLDs (cycle
time, about 12 s) ,

- suppress leading zeroes in the print-out of the
teletype (to facilitate visual recognition of
relatively large readings)

- add symbols before the light source reading and after
reading overflows in the register

- add the symbol L to any reading for a thick chip which
lasts longer than io s but less than 20 s {at 20 s the
reader is stopped and an alarm is given for an excessive
time for reading)

- set an alarm when the ratio of the thick dosimeter reading
to thin dosimeter reading exceeds a value set by the user
through the teletype keyboard.
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2.4.2 Environmental Measurements using TLDs
A.R. Jones

Plaque mounted TLDs contained in badge holders are
intended for personnel dosimetry and are calibrated in
terms of dose to the wearer. Now, the same arrangement
is used for measurements of environmental exposures.
For greater accuracy two sensitized TLD plaques are put
in the holder. Tests have been made to find the average
energy response (of the two TLDs) for normally incident
photons and how is this response changed when the TLDs
are rotated in a photon beam?

The rotation case more nearly corresponds to the
situation where the dosimeter is irradiated by yrays
of terrestial origin or from yemitters in a semi-
infinite cloud. The following table shows the maximum
deviations from the response to 137Cs y-rays over the
energy range .065 keV - 1.25 MeV.

% Deviation

Normal Incidence Rotational Incidence

-4 (at 150 keV) -2 (at 1.25 MeV)
+10 (at 120 keV) +22 (at 65 keV)

For the more restricted range .13 - 1.25 MeV (which
include the energies of the -/-rays of terrestial origin
which contribute most of the exposure) the % deviations
from the response to 137Cs y-rays are much smaller.

% Deviation

Normal Incidence Rotational Incidence

-2 (130 keV) -7 (at 130 and 260 keV)

A program to monitor monthly exposures at 29 locations
in Buildings 107, 320, 330 and 610 has been started. The
same procedure is used as for environmental dosimeters
around CRNL and CP except that the presence of neutrons
is detected by comparison of readings from TLD-700 and
TLD-100 dosimeters-

Some exposures have also been measured for Imperial
Oil Ltd. but in this case a single TLD plaque was used
in each holder to permit the estimation of g-doses.
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2.4.3 Performance of Unmounted TLDs and TLD Plaques
C. Wernli

Field experiments carried out in 1979 to compare
the readings from the TLD plaques with those from
unmounted TLDs inserted into the personnel TLD badge
have been repeated. The differences of about 35%
found in the experiments last year were mainly due
to two causes. The first was that sensitized TLD-100
chips were used in badges with normal TLD-100 plaques
(sensitized TLD-100 show even less energy dependence
than normal TLD-100). The second was that the chips
were not in the same cavity as the plaque TLDs. (The
chips were covered by 200 mg/cm2 of plastic and the
plaque TLD by 54 0 mg/cm2 of aluminum). When only one
type of detector was used in a badge and the chip
was put into the same cavity as the plaque TLD
(behind 540 mg/cm2 of aluminum), good agreement between
chips and plaques (read by different methods on different
readers) were obtained in a 3-month field experiment.
Most differences were smaller than 10% of the plaque-
mounted dosimeter reading or smaller than 10 mrera.

2.4.4 Evaluation MgB^OytDy TLDs
A.R. Jonen

Sample wgB4O7:Dy TLDs have been received from the
Boris Kidric Institute (Belgrade) for evaluation and
comparison with sensitized and unsensitized TLD-100.
The following advantages are claimed for this TL
material -

- it is about 7 times as sensitive as TLD-100

- no preanneal is needed

- simple glow curve

- moderately low fading (10% in 60 days)

- energy dependence nearly as low as TLD-100.

The samples are in the form of circular tablets of
compressed and ground powder. Some have been mounted on
our TLD plaques. Initial tests indicate that they can be
read by the automatic TLD reader. However, they take
longer to heat right through than the LiF chips. This
indicates a lower thermal conductivity perhaps due to
their being made of compressed powder.
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2.4.5 Exposure of TLDs to Neutrons and yrays at the DOSAR
Facility (ORNL)
A.R. Jones

A set of dosimeter holders loaded with various
combinations of TLDs has been exposed to a mixture of
neutrons and y-rays from the DOSAE facility (Health
Physics Research Reactor, Oak Ridge National Laboratory)
as part of an intercomparison study. Our purpose was
to see if y-doses could be reliably measured in the
presence of neutrons and to check that the neutrons
could be detected. Neutrons from the DOSAR source were
delivered unattenuated and attenuated by Lucite and
concrete shields.

The holders were equipped with both the old TLD
plaque (unsensitized TLD-100) and the new one
(sensitized, TLD-100 thin dosimeter and TLD-100 thick
dosimeter). In addition each holder carried two
sensitized TLD-700 chips in a cavity in the styrene
holder and a second pair adjacent to the plaque
mounted TLD which is surrounded by aluminum.

Although the given dose equivalents have not yet
been reported by ORNL some results have been obtained.

The new TLD arrangement (TLD-700/TLD-100) always
indicated the presence of neutrons while the old one
(TLD-100/TLD-100) did not. For the new dosimeter plaques
the ratio of readings were:

Neutron Source Thick (TLD-100) Reading
y Thin (TLD-700) Reading*

Bare Reactor 7.5
12 cm Lucite shielding 10.9
20 cm concrete shielding 15.4

*At present neutron exposures at CRNL are reported if the
ratio >2.
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The dose reading of the sensitized TLD-100 is
consistently lower than that obtained with that from
the unsensitized TLD-100 as shown by the table.

Neutron Source Unsensitized TLD-100 Reading
y sensitized TLD-100 Reading

Bare Reactor 2 . 2
12 cm Lucite shield 2.1
20 cm concrete shield 2.0

These results are also an indication of neutron
exposure since the sensitizing factor appears to be lower
for high LET radiation.

The readings of the TLD chips in the styrene cavities
were often higher than those in the aluminum cavity due to
exposure from secondary protons and often gave discordant
readings between 2 dosimeters in the same (styrene) cavity
because of shielding of one TLD by the other against these
protons.

One reading obtained from a TLD believed to be TLD-100
gave a reading expected from a TLD-700 dosimeter. A
subsequent test with a thermal neutron source confirmed
the suspicion that it was made from TLD-7 00. Following
this a sample of 40 TLDs were tested and 10 were revealed
to be TLD-700 although such dosimeters had never been
ordered from the manufacturer in the size (0.254 mm thick)
concerned. It seems to be the case that the supplier has
provided TLD-700 material in orders for TLD-100 and that
a significant proportion of the skin dosimeters in use
in personnel dosimeters in AECL are made of TLD-700
material. If significant thermal neutron exposures to
the wearers occur it would be manifested by a high
ratio of whole body dose to skin dose.

2.5 CALIBRATION OF A Ge(Li) SPECTROMETER
W.G. Cross, A. Arneja

Measurements are in progress to determine the
efficiency of a 100 cm3 Ge(Li) detector for sources
very close to the detector. Peak-to-total ratios for
monoenergetic sources, for use in making coincidence
corrections, are also being measured.



2.6 TRITIUM MONITORING

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

A final prototype design has been completed and
work has commenced on the engineering drawings. The
only changes have been the inclusion of a fool-proof
method of switching, a very stable but simple voltage
regulator and a weight reduction of 300 g using an
aluminum instrument case to bring the weight of the
instrument to below 1.5 kg.

2.6.2 Application of Plastic Membranes to Tritium Monitoring
R.G.C. McElroy, R.V. Osborne

The experimental measurements of the gas-phase
to gas-phase transfer of radioactive species through
Nafion membranes is now essentially complete. We
anticipate, however, that further experiments directed
towards optimizing the time response of the system will
become necessary as the prototype Nafion HTO monitor is
developed. This development is currently in abeyance
as we await the delivery of more Nafion tubing.

A new series of experiments to characterize the
water-in-liquid-scintillator, Nafion, air system has
begun and are a continuation of the experiments
reported in PR-B-122 and PR-HS-1. The purpose of
these new measurements is to clarify how the permeation
rate and solubility constant varies with water content
of the liquid scintillator. These data are necessary
in order to determine the optimum conditions for HTO
transfer across the membrane for this system.

2.7 NOBLE GAS MONITORING

2.7.1 Measurement of Radio-Xenons in Exhaust Air
R.M. Holford

A stand-by power system, based on a 6 V Lead-acid
cell with gel electrolyte, has been designed and tested
for use with the xenon monitor, AEP-5320. An integrated
circuit pre-regulator (LM 317) is used to maintain a
constant potential of 7 V at the battery terminals as long
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as the AC line is connected. This is sufficient to
maintain full charge in the battery without excessive
electrolysis of the electrolyte and to ensure a
proper rate of charging after a period without AC
line power. The integrated circuit automatically limits
the charging current to a safe value under fault conditions,
and has sufficient output current capability to allow
the unit to run on the AC line without a battery if
necessary. Control lines have been added to the xenon
monitor to shut-down all non-essential functions, such
as the LED display, if the line power fails, and to
shut-down the whole instrument in an orderly fashion
should the battery also become discharged.

Engineering drawings for this instrument are nearing
completion and prototype circuit boards have been
ordered.

2.7.2 Real-Time Clock
R.M. Holford

A real-time clock module for use with microcomputers
has been designed around an 1802 microprocessor using the
experience gained on the xenon monitor (AEP-5320). Its
internal clock covers a range from centiseconds to millenia
and read-out of a particular unit from this range is
controlled by a 4-bit address supplied by the user. An
8-digit LED display and a power supply based on a back-up
battery have been copied from the xenon monitor but the
electrosensitive printer has been omitted. A 'wire-wrap'
prototype unit has been successfully tested; the next
stages will be engineering drawings and a printed-circuit
board version.

2.7.3 Radon Monitoring
G. Cowper, P.J. Bunge

The TLD detector head in a passive radon monitor
has been replaced with a ZnS:Ag scintillation screen
and a photomultiplier coupled to a printing sealer to
allow measurements of the short-term fluctuations in
radon-in-air concentrations. After testing in a
controlled radon atmosphere measurements, radon levels
will be carried out in a variety of indoor locations.
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2.8 RADIATION INSTRUMENT DEVELOPMENT
A.R. Jones

2.a.1 Monitor for Airborne g-Emitting Particulate AEP-5331

Tests are being made of the sensitivity of the two
shielded GM counters (one is used for counting the sample
and one for background) to background radiation as a
function of exposure rate and direction.

Dead time correction circuits, to extend the dynamic
range, and logarithmic count rate circuits have been
designed and are being tested.

2.8.2 Pocket Warning Dosimeter with Numerical Display AEP-5329

The engineering prototype was completed and tested
in the laboratory. Following the tests the circuit
design was simplified. The dosimeter is now being field
tested by R. & I.S. branch. Amongst other things the
field test is intended to measure the battery life which
depends upon the way the dosimeter is used.

A report is being prepared.

2.8.3 Wide Range Survey Meter AEP-5288B

A report is being prepared.

2.8.4 Digital Count Rate Meter AEP-5297A

A report is being prepared.

2.8.5 Multi-channel Alpha Air Monitor AEP-10110

Development of the prototype of a new remote unit
is continuing. A microprocessor is being used for the
pulse height discrimination and for subtraction of
background from radon and thoron daughters.

2.8.6 Multichannel x-ray Area Monitor AEP-5330

Preliminary engineering drawings have been
completed.
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2.Q.I Microprocessor Prototyping System

The system was built as an aid in the development
of the automatic TLD reader although it could be used
to develop other microprocessor based equipment using
CMOS type 18 02 or 18 04 (RCA or Hughes Semiconductor)
microprocessors.

The system includes power supplies, a keyboard and
a binary display for address and data, ^K random-access
memory (RAM) and sockets for accepting printed circuit
boards using the RCA data-bus system.

The system can be used for monitoring either
read-only memories (ROM) or RAMs and can input data
to RAMs.

A Central Processor Unit and teletype interface
boards have been built to plug into the system.

2.9 CASSETTE DATA STORAGE UNIT AEP-5325
P.J. Bunge

A micro-compufcer-controlled cassette recorder,
for storing data from pulse-height analyzers has been
designed and a prototype constructed. Several of these
will be built and used as the standard recording and
storage medium for data exchange among analyzers,
printers, an HP982 0 calculator and a micro-computer.
Data exchange is controlled by 4 pushbuttons and a
dial to select a given spectrum from the cassette.
Each spectrum is labelled by an identification number
and first-channel number. Comments may be entered on
the tape from the microcomputer keyboard. A clock-
calendar integrated circuit has been ordered and will
be used to add automatically the start and stop times
and date to each recorded spectrum.

The hardware for the prototype is complete and
programming for data storage and printing is about
90% completed.
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2.10 ROUTINE DOSE MONITORING
R.M. Rondeau and J.M. Vincent

2.1.0.1 Body Radiation Doses

In the fourteen-week period ending 13 June 1980
and in the calendar year to this date there are the
following distributions of radiation exposure.

There were two whole-body radiation exposures
exceeding the 600-mrem two-weekly administrative
control limit and three surface radiation exposures
exceeding the 1600 mrem two-weekly administrative
control limit.

^ ^ -^ r^ ^^ \j ^^ v^ *̂c ̂ ^

Dose Kange
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

CRNL - Whole

Fourteen Weeks

No. of
monitored
persons

387
2343
135
38
5"
1
0

Total
Dose
Man-rem

0
146.02
94.39
44.73
8.32
2.38
0

102 mrem

117 mrem

Body Dose

Calendar Year

No. of
monitored
persons

374
2231
143
103
41
12
5

Total
Dose
Man-rem

0
194.78
106.99
123.28
69.47
25.85
13.20

183 rarem

211 mrem
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Radiochemical Company - 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

93
213
2
1

Total
Dose
Man-rem

0
16.46
1.06
1.39

61 mrem

88 mrem

Calendar Year

No. of
monitored
persons

70
226
12
1

Total
Dose
Man-rem

0
20.32
8.16
1.48

97 mrem

125 mrem

Dose Range
rem

no radiation
0 - 0.49
0.50 - 0.99

Average dose
per monitored
person
Average dose
per exposed
person

Engineering Company -

Fourteen Weeks

No. of
monitored
persons

307
23
4

Total
Dose
Man-rem

0
1.90
2.57

13 mrem

166 mrem

Whole Body Dose

Calendar Year

No. of
monitored
persons

305
25
4

Total
Dose
Man-rem

0
2.16
2.57

14 mrem

163 mrem
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CRNL - Skin Dose

Dose Range
rem

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2.SO - 2.99
3.00 - 3.49
4.00 - 4.49
4.50 - 4.99
5.00 - 5.49
5.50 - 5.99

Average dose
per monitored
person
Average dose
per monitored
person

Fourteen Weeks

No. of
monitored
persons

387
2309
153
47
9-
1
1
0
1
1
0
1

Total
Dose
Man-rem

0
144.71
108.99
55.97
14.70
2.10
2.90
0
4.28
4.61
0
5.82

117 mrem

135 mrem

Calendar Year

No. of
monitored
persons

374
2198
154
102
48
22
7
2
0
0
0
1

Total
Dose
Man-rem

0
196.46
113.67
125.99
82.16
48.42
18.94
6.27
0
0
0
3.88

207 rarem

114 mrem

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

Radiochemical Company -

Fourteen Weeks
No. of
monitored
persons

93
203
13
0

89

127

Total
Dose
Man-rem

0
19.05
8.46
0

mrem

mrem

Skin Dose

Calendar Year
No. of
monitored
persons

69
219
16
5

Total
Dose
Man-rem

0
26.65
11.64
6.07

144 mrem

185 mrem
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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

Engineering Company -

Fourteen Weeks

No. of
monitored
persons

302
28
3
1

Total
Dose
Man-rem

0
2.88
1.61
1.02

17 mrem

172 mrem

Skin Dose

Calendar Year

No. of
monitored
persons

300
30
3
1

Total
Dose
Man-rem

0
3.13
1.61
1.02

17 mrem

169 mrem

2.10-2 Hand Radiation Doses

In the fourteen week period ending 13 June 1980
and in the calendar year to this date the following
distributions of extremity doses were measured by
finger-cip 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
10.00-10.99

CRNL
Calendar Fourteen
Year

124
5
3
0
0
0
0

Weeks

85
4
0
0
0
0
0

Radiochemical
Company

Calendar
Year

20
6
0
3
0
1
1

Fourteen
Weeks

16
4
1
1
1
0
0

Engineering
Company

Calendar
Year

0
0
0
0
0
0
0

Fourteen
Weeks

0
0
0
0
0
0
0
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2.11 PUBLICATIONS AND LECTURES

Lectures

R.G.C. McElroy and R.V. Osborne, "Developments in
Tritium Monitoring", presented at the American
Nuclear Society Topical Meeting "Tritium Technology
in Fission, Fusion and Isotope Applications",
Dayton, Ohio, 28 April-01 May, 1980.

A.R. Jones, "The Application of Sensitized Lithium
Fluoride TLDs to Personnel and Environmental
Dosimetry", presented at the Sixth International
Conference on Solid State Dosimetry, Toulouse,
France, 01-04 April, 1980.

G. Cowper, "Skin and Extremity Dose Limits: A
Neglected Topic in Radiation Protection", presented
at Canadian Radiation Protection Association Meeting,
Montreal, Quebec, 08-09 May, 1980.

Reports

W.G. Cross and H. Ing, "Safety Considerations for
the FINS Neutron Generator", CRNL-1409, June 1980.

W.G. Cross and H. Ing, "Safety Considerations for
the Health Physics Neutron Generator", CRNL-1412,
June 1980.

W.G. Cross, "Canadian Progress Report to the
International Nuclear Data Committee", INDC(CAN)-
20/G, June 1980.

Publications

Report to the Public Health and Safety Task Force
on Health Physics and Dosimetry by J.A. Auxier,
C D . Berger, C.E. Eisenhauer, T.F. Gesell, A.R. Jones,
and M.E. Masterson. [Staff Report to the President's
Commission on the Accident at Three Mile Island].
U.S. Government Printing Office, Washington, D.C.,
October 1979.
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ENVIRONMENTAL RESEARCH BRANCH

by

I.L. Ophel

3.1 Staff
3.2 Beneficial Uses of Waste Heat

3.2.1 Aquaculture of Freshwater Organisms
3.3 Laboratory Studies on Algal Growth in Natural Waters

3.3.1 Chlorophyll Extraction Techniques
3.4 Biogeochemistry of the Waste Management Area
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 Co-Operation With Outside Organizations

3.7.1 Long-Range Transport of Air Pollutants
3.7.2 Lake Evaporation Study

3.8 Snowmelt, Runoff and Evapotranspiration in a Forested
Catchment

3.9 Soil and Groundwater Studies
3.9.1 Movement of Cesium in Soil

3.10 Commercial Operations
3.11 Contaminant Hydrogeochemistry
3.12 Radionuclide Transport in Fractured Rock
3.13 Measurement of Organically Bound Tritium in Vegetation
3.14 Accelerator Measurement of Carbon-14

3.14.1 Source Preparation
3.14.2 Accelerator Run

3.15 Uranium-234/Uranium-238 Activity Ratios in Natural Waters



3.16 Environmental Impact Assessment
3.16.1 Long-Range Atmospheric Transport of Contaminants
3.16.2 Computer Modelling
3.16.3 Environmental Assessment of CRNL Waste Management

Areas
3.16.3.1 233 Area
3.16.3.2 Liquid Disposal Area
3.16.3.3 Tracer Injection Experiment
3.It.3.4 External Contracts

3.16.4 Groundwater-Contaminant Flux to Surface Waters
and Behaviour of Radionuclides in Surface Waters
3.16.4.1 General Objectives
3.16.4.2 Biodiscrimination of Radionuclides in

Aquatic Food Webs
3.16.4.3 Groundwater-Contaminant Flux to Surface

Waters: Field Studies
3.16.4.4 Contract Management

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
3.23 Establishment of a Data Base for the Environmental

Monitoring Program
3.24 Studies of Radioactivity in Trees
3.25 Tritium Survey
3.26 Survey Summary
3.27 Publications
3.28 Verbal Presentations

3.28.1 Presented Papers
3.28.2 Lectures or Seminars
3.28.3 Local Talks

3.29 Invited Speaker

For figures see end of section
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3 .1 STAFF

3.1.1 Branch Head - I.L. Ophel

Environmental Chemistry and Meteorology

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

L.K. Hendrie1

A.G. Price2

Environmental Impact Assessment

P.J. Barry

V.K. Barwell Assistant: S.W. Whittle3

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

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

Natural Isotope Studies

R.M. Brown

Biochemistry and Microbial Radioecology

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

Radiochemistry and Environmental* Monitoring

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

Contaminant Hydrogeochemistry

R.E. Jackson1* Assistant: K.J. Inch1*

1Dept.of Geography, University of Toronto.
2Attached Staff from Dept. of Geography, University of
Toronto.

3Joined the Branch 1980 May 05.

^Attached Staff from National Hydrology Research Insti-
tute, Environment Canada, Ottawa. K.J. Inch terminated
1980 June 20.
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3.1 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

Secretarial

D.J. TerMarsch

3.1.2 Other Attached Staff

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

L.E. Lindsay - Dept. of Earth Sciences, University of
Waterloo, Waterloo. Working on a research contract
between AECL and the University. Arrived June 09.

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

N.S. McLeod - Dept. of Earth Sciences, University of
Waterloo, Waterloo. Working on a Master's Thesis pro-
ject with D.R. Lee. Arrived May 27.

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

K.S. Novakowski - Dept. of Earth Sciences, University
of Waterloo, Waterloo. Working on a Master's Thesis
project with R.W.D. Killey. Arrived June 18.

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



- 27 -

3.1 STAFF (cont'd)

T.K. Sowden - Dept. of Biology, University of Waterloo,
Waterloo. Working on a research contract between AECL
and the University. Arrived June 18.

3.1.3 Summer Students

M.T. Alexander - Queen's University, Kingston, working
with R.W.D. Killey, reported for work May 29.

V.S. Corriveau - The University of Western Ontario,
London, working with J.W. McMahon, reported for work
May 05.

E.M. Harrison - Mount Allison University, Sackville, New
Brunswick, working with D.R. Lee, reported for work
May 06.

L.M. Langlais - Mackenzie High School, Deep River, work-
ing with P.J. Barry, reported for work June 16.

C.A. Macpherson - Acadia University, Wolfville, Nova
Scotia, working with D.R. Lee, reported for work May 12.

L.J. Milton - Mackenzie High School, Deep River, working
with E.L. Cooper, reported for work June 02.

S.D. Moore - University of Toronto, working with P.C.
Jay, reported for work June 06.

C.A. Stevens - Acadia University, Wolfville, Nova Scotia,
working with D.R. Champ, reported for work May 12.

E.R. Woods - Dalhousie University, Halifax, Nova Scotia,
working with R.M. Brown, reported for work May 06.
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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

The initial phase of a program designed to mea-
sure the effects of waste heat and nutrient enrichment
on batch cultures of Scenedesmus basiliensis has been
completed. Commercially prepared nutrients (mainly
nitrogen and phosphorus) were added to algal cultures
in concentrations ranging from 20 ygP-L"1; 150 ygN'L"1

(Maskinonge Lake values) to 75 times these values.

The combination of thermal and nutrient enrich-
ment resulted, in all instances, in significantly
higher population densities than in the heated, non-
nutrient enriched control enclosure. Optimum nutrient
concentrations of phosphorus and nitrogen for Saenedesmus
growth in lake waters heated to 24°C were in the range
300 to 400 yg-L"1 for phosphorus and 3000 to 4000 yg-L"1

for nitrogen.

The maximum growth rate, calculated from daily
changes in plankton cell numbers, invariably occurred
48 to 72 hours into the experiment. The decrease in
between day 3 and termination of an experiment (usually
eight days) was attributed to light inhibition as cell
numbers continued to increase in the batch culture
system. To increase light availability for photosyn-
thesis a continuous in situ culture system has been
started where optimum nutrient concentrations are added
with receiving raw lake water as an inflow and an equal
volume of algal-rich culture water is removed continu-
ously through an outflow. This technique should result
in an optimum, static algal population.

Another area of interest in the thermal aquacul-
ture of algae concerns the substitution of industrially
purified chemicals as nutrient additives by organic
wastes. Treated wastewater sewage, properly diluted,
might provide the required nitrogen-phosphorus concen-
trations for optimum growth of Saenedesmus . Wastewaters,
collected from sewage treatment plants in the villages
of Deep River and Chalk River, have been analyzed for
nitrogen and phosphorus content and initial batch cul-
ture experiments were carried out.
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3.3 LABORATORY STUDIES ON ALGAL GROWTH IN NATURAL WATERS
- J.W. McMahon and S-R. Gentner

Carbon-14 primary productivity studies on the
algae Chlorella vulgaris and Ankistrodesmus braunii in-
dicate that maximum carbon uptake occurs when the cells
are in the exponential growth phase. Maximum carbon
fixation rates for Chlorella and Ankistrodesmus were
2.0 and 2.5 g-m~3-h~l respectively. When the cells
entered the stationary or senescent phase of growth,
l^C primary productivity was less than half the above
values.

3.3.1 Chlorophyll Extraction Techniques - J.W. McMahon and
S-R. Gentner

One problem in chlorophyll determination in
phytoplankton is the complete extraction of the pig-
ment from the chloroplast. The accepted procedure
involves maceration of acetone suspended cells in a
tissue grinder. Extraction is hampered by difficul-
ties in rupturing the cell wall of the chloroplast.

Studies were carried out to determine the ef-
ficiency of a cell fractionator (Sorvall Ribi) in
releasing chlorophyll from the algae. The technique
offered no significant improvement over the tissue
grinder method and was discarded.

Chromatographic analyses are currently being
carried out for the rapid determination of nitrate and
phosphate present in nutrient-enriched Maskinonge Lake
waters and wastewater sewage from Chalk River and Deep
River. The Dionex ion chromatograph is being used in
this work.

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

The use of "field columns" to study contaminant
migration, specifically arsenic, in groundwater flow
systems has been extended during the past quarter.

The geochemistry of groundwater before and after
passage through field columns packed with unsaturated
zone sediments has been monitored. Significant changes
in the chemistry of the groundwater occurred across
the columns. Although the pH was unaffected there was
a 300 to 350 mV increase in the measured potential, a
decrease of 60 to 90 ppb in iron, a removal of greater
than 99 per cent of the sulfide in the groundwater
(% 70 ppb), and a removal of 0.3 ppm of organic carbon.



- 30 -

3.4 BIOGEOCHF '.ISTRY OF THE WASTE MANAGEMENT AREA (cont'd)

This column sediment influence on the groundwater
chemistry was observed even after ten weeks of elution
at 12 column void volumes per day. Stable EH-pH read-
ings on the column effluents were obtained in four to
ten days, the equilibration time was dependent upon the
pH of the eluting groundwater. The net effect of the
column sediments has been a significant decrease in the
reducing capacity of the eluting groundwater.

The above results together with the absence of
changes in the valence state of arsenic (see Section 3.4,
PR-HS-3, AECL-6955) discounted our earlier prediction
that changes in the oxidation state of As and/or Fe on
the column may be responsible for changes in the
adsorption-elution behaviour of arsenic.

The oxides and hydrous oxides of Fe, and to a
lesser extent Mn, are assumed to be the primary sites
for the adsorption of As onto the sediments. The sedi-
ments contain approximately 0.7 wt. % Fe and 0.04 wt.
% Mn; iron oxide coatings are evident on the sand grains,
Acidified hydroxylamine has been used to strip the oxide
coatings; 0.6 wt. % Fe, 0.3 wt % Al, 0.02 wt. % K,
and 0.01 wt. % Mn were removed with this procedure.
The columns were subsequently equilibrated with ground-
water, in the field, until stable pH-Erj readings were
obtained in the effluents. The adsorption behaviour of
arsenic on these "stripped" columns is now being studied
to give a direct indication of the role of hydrous
oxides in As adsorption.

3.5 PERCH LAKE PROJECT

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

The snowmelt period and subsequent groundwater
recharges on the east side of Perch Lake were again
carefully monitored. Water levels in about 100 piezo-
meters were measured at frequent intervals during
March and April when changes were most rapid and con-
tinue on a monthly basis.
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3.5.1 Energy Budget, Lake Evaporation and Hydrology (cont'd)

All measurements required for energy budget
estimates of evaporation from Perch Lake were started
April 16, the first day of the open water season.
Lake temperatures are also being measured regularly at
Maskinonge Lake for both evaporation estimates and heat
transfer studies.

Wind speeds are being measured at 1 m and 10 m
heights at Perch, Maskinonge and Upper Bass Lakes.
Wind speed data from Petawawa is also being analyzed.

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 on a weekly basis.

A Dionex Model 10 ion chromatograph was set up
for the determination of the major anions in surface
and groundwater samples from the Perch Lake area.
Composites of daily samples were analyzed for fluorides,
chlorides, nitrites, phosphates, nitrates and sulfates.
Similarly, all rain events from 1980 April 01 onwards
were analyzed for the same anions. It was found that
the rain contained traces of all of the above anions,
but the concentration of sulfates, nitrates and
chlorides was much higher than the others. Sulfates
and nitrates varied from 1 to 6 ppm with chlorides
varying from 0.3 to 1.7 ppm.

3.5.3 Data Storage - D.P. Wildsmith

The Perch Lake outlet and inlet stream flow data
for the period 1980 January to March inclusive has
been received from the Water Survey of Canada, Environ-
ment Canada.

Other data from the Perch Lake basin, i.e. soil
temperatures, precipitation, outlet stage height and
maximum and minimum air temperatures continue to be
recorded daily. Commencing 1980 May 03 the tritium
concentrations for the outlet stream and inlet streams
No. 1 and No. 2 are also being determined daily.
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3.6 STACK ARGON MEASUREMENTS - D.P. Wildsmith and P.J.
Barry

Occasional monitoring of the argon released from
the stack continues. C02 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 4̂ -Ar
release from the main reactor stack. The results ob-
tained for 1980 are given in Table 3.6.

3.7 CO-OPERATION WITH OUTSIDE ORGANIZATIONS

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

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

3.7.2 Lake Evaporation Study - E. Robertson

This is a continuing co-operative study with the
Waters Resources Branch of the Ontario Ministry of the
Environment.

Estimates have been made of evaporation rates
from five lakes near Sudbury, Ontario using data re-
ceived from the Water Resources Branch. An equa.^on
suggested by Morton (1) was used to estimate net radia-
tion from short-wave radiation, hours of bright sun-
shine, and vapour pressure.

The lake energy budget model has been run with
daily mean meteorological data from Sudbury for Nelson
Lake (2.74 x 106 m2) and Clearwater Lake (0.77 x 106 m2)
The model closely predicts lake surface temperature and
thermocline depth when values for the parameters A and
B in equation:

kz = A-Ri®

(1) Morton, F.I- 1975. Estimating lake evaporation
from climatolog. 1 observations, pp. 459-469 in Hydro-
logical Studies „•,<. a Small Basin on the Canadian Shield,
(P.J. Barry, Editor). AECL-5041/II.
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Table 3.6. Measured Ar Releases from Main Reactor Stack 1980

Sar
Date

Jan.

Mar.

May

June

10

25

29

03

npling
Time (EST)

09:28-09:32

08:24-08:28

07:18-07:22

07:23-07:27

41Ar
GBq«d~

141.9

36.0

39.8

147.3

X

X

X

X

1

103

103

103

103

megawatts

68

122

130

not

NRlJ
CO2(%)

normal

normal

normal

operating

NRX
megawatts

23.2

not operating

not operating

25.1

GBq'd"1

•MW"1

1556

295

306

5868

1 Ci = 37 GBq



3.7.2 Lake Evaporation Study (cont'd)

are 0.2 and -1.0 respectively, where kz is the effec-
tive vertical diffusivity of heat and Riz the Richardson
Number at depth z. Parameter values are also being
determined from available temperature and wind data.

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

Nothing further to report.

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

3.9.1 Movement of Cesium in Soil

The work is continuing.

3.10 COMMERCIAL OPERATIONS - W.F. Merritt

A contract has been signed with Ontario Hydro
for a groundwater tracer dispersion s*;udy at Bruce
Waste Management Area. Proposals haves been made for
a tracer study in the pelletizing line
of the Iron Ore Co. at Sept Isles, and for supplying
Perch Lake vegetation for a low-level quality control
standard to the Environmental Measurements Lab.,
Dept. of Energy, New York, U.S.A.

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

A further set of leaching experiments have been
conducted on the contaminated aquifer cores taken from
near "A" Waste Management Area to determine the amount
of exchangeable, residual and fixed activity associated
with these sediments. One set of experiments examined
removal of adsorbed radioactivity versus time and, for
the second set, grain size was the variable changed.
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3.12 RADIONUCLIDE TRANSPORT IN FRACTURED ROCK - R.E.
Jackson* and K.J. Inch

The first successful tracer test through frac-
tured rock at CRNL has been completed. The tracer
used was un-labelled iodide and samples were taken
from a nearby observation well and analyzed every 10
to 15 minutes for 24 hours. A characteristic break-
through curve was observed.

3.13 MEASUREMENT OF ORGANICALLY BOUND TRITIUM IN VEGETATION
- R.M. Brown and E.R. Woods

It has proved difficult to obtain valid measure-
ments of low levels of organically bound tritium in
dried vegetation due to the stubborn retention of
tritium thought to be picked up by the sample from
laboratory air moisture after its original free water
had been removed. Simple vacuum redrying of the sample
is not adequate to remove this tritium. It has been
removed by boiling the ample in tritium-free 0.5 M HCl
for one hour followed by vacuum drying at 100°C.
Reliability of this treatment is being checked further
before applying it to samples analyzed previously.

3.14 ACCELERATOR MEASUREMENT OF CARBON-14 - R.M. Brown with
H.R. Andrews, G*C. Ball, W.G. Davies and J.C.D. Milton
of Nuclear1 Physics Branch and Y. Imahori of NRX Reactor
Branch

3.14.1 Source Preparation

In an effort to improve the generation of C ions
from our carbon samples, several variations of source
mount and configuration have been tried. It is thought
that improving thermal and electrical conductivity of
the sample should improve the yield.

The addition of 20 mg Fe powder to our usual
5 mg carbon source resulted in a slightly better
performance - less initial outgassing (shorter "burn-in"
time) and improved source emission. This is now our
standard mounting mixture.

*In collaboration with Mr. C.C. Davison, National
Hydrology Research Institute, Ottawa.
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3.14.1 Source Preparation (cont'd)

Solid graphite gives more consistent and higher
emission than our carbon black sources. Attempts to
graphitige carbon black by heating to 2000°C in vaouo
resulted in a loose powdery material that spilled out
of its mount in the ion source.

Iron carbide has been reported to be a superior
carbon source material. Sample carbon was converted
to silvery metallic carbide in a shallow well on the
end of a tantalum pin by heating 2 mg carbon with
28 mg Fe powder to about 1300°C in vaouo. The pin was
mounted in the ion source to receive reflected Cs+ beam.
A carbon beam was obtained but yield was low and erratic.
Carbide sources will be prepared which can be mounted
in our standard geometry. It is felt that better
focusing and steering of the Cs+ beam is required to
obtain high C~ emissions from small sources.

3.14.2 Accelerator Run

The technique of beam switching by swinging the
analyzing magnet of the accelerator has been further
improved by the incorporation of new Nuclear Magnetic
Resonance stabilizing equipment. Severe instability
in the velocity filter system during switching to the
^C beam was experienced. The cause of this was not
identified but its effect was eliminated by using the
less intense 1-̂ c beam as reference rather than the
12C. Once this modification had been instituted,
long-term overall stability was realized and good
counting results were achieved.

Multiple measurements of a NBS oxalic acid
sample gave a standard deviation of 7%. The l^
ratio estimated solely from machine parameters was
(.1.17 ± 0.03) x 10~1^ compared to the reported value
of (.1.23 ± 0.01) x 10-12. A sample of well-water
carbonate was measured as 22190 ± 1270 years B.P.*
compared to 24290 ± 420 years measured radiometrically
at the University of Waterloo. Measurements on
graphite and dry ice CO2 as background material gave
counts corresponding to an age of about 42,000 years.
The machine had run for a considerable time on a
neutron-irradiated graphite enriched in 14C to 26
times natural, so in fact this background level is

*B.P. = Before Present
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3.14.2 Accelerator Run (cont'd)

an indication of a very low level of cross contamina-
tion within the machine. Results are now limited
primarily by the low beam intensity obtainable from
the ion source.

More details of the run are given in Nuclear
Physics Branch Progress Report, PR-P-126, AECL-7055,
Section 2.22.

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

Analyses and calculations required for a Uranium
Series Intercomparison Project were completed during
this quarter.

232 228
Both an interlaboratory spike of U/ Th

prepared at Atomic Energy Research Establishment,
Harwell, and our own spike of the same isotopes
(separated from 236pu j_n December, 1979) were cali-
brated against a uraninite standard solution supplied
by Harwell. During these measurements an error in
counter efficiency was noted and corrected using an
24lAm standard solution supplied by the Radioisotopes
Group, Nuclear Physics Branch, CRNL.

Subsequently two carbonate samples of English
stalagmites were analyzed to determine 238u concentra-
tion, 234u/238u, 230Th/234u a n d 230Th/232Th activity
ratios using the new spike solution.

Ages of the two samples were calculated from
these ratios to be (79.5 ± 3.2) x 103 and (31.3 ± 1.0)
x 1()3 years respectively.

A number of deep groundwater samples have been
analyzed for uranium content by the fluorimetric
method. A program of field sample collection for
uranium isotope analysis is now underway.

3.16 ENVIRONMENTAL IMPACT ASSESSMENT

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

Nothing further to report.
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3.16.2 Computer Modelling - V.K. Barwell

The Analytic Sciences Corporation (TASC) has
delivered their NUTRAN code, documentation and test
data. NUTRAN is a comprehensive program that can be
used to estimate doses to the biosphere from radio-
nuclide releases to groundwater. The code will be
installed on an outside timesharing service. A report
on NUTRAN has been submitted for approval as a TR
report.

The draft report on surface water modelling from
the Inland Waters Directorate (IWD) has been rewritten
and is being reviewed. Dr. Vandenberg of IWD
has returned to Ottawa and will be available to work on
interfacing his groundwater model with the surface water
model.

The computer program to analyze aquatic communi-
ties is complete except the SPSS statistics package
which is currently being installed on our CDC equipment.

A contract has been given to E.O. Frind at the
University of Waterloo to conduct a literature review
of continuum models for solute transport in the un-
saturated zone.

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

3.16.3.1 233̂  Area

Plume mapping in this flow system (which includes
Waste Management Area "C", the thorium pit, and the
nitrate plant disposal pit) has been extended by multi-
level soil sampling in the thorium pit plume and over-
burden/bedrock drilling in the area of a suspected
second lobe of the plume from Area "C". Results of
gross & counting of soils downgradient of the thorium
pit show two lobes in the plume, separated vertically
and slightly offset laterally, with no obvious strati-
graphic course for the configuration. The lobes are
generally less than 2 m thick (vertically) and less than
30 m wide. Samples from the additional boreholes and
monitors downgradient of Area "C" are currently being
analyzed.



- 39 -

3.16.3.1 2_3̂  Area (cont'd)

Following repeated flushing, 90 groundwater moni-
tors in 233 Area have been sampled for determination of
major ion chemistry, radionuclide distribution dissolved
organic carbon, and selected trace metals. Analysis of
these samples is partially complete. J.F. Barker of
the University of Waterloo sampled six installations
for determination of the complexing capacity of dis-
solved organics in the groundwater. Following re-design
of the equipment, constant head permeameter testing has
resumed on soil cores obtained to date.

In situ determinations of distribution ratios of
strontium-90 in the contaminant plumes from the nitrate
plant and from the thorium pit show increasing ratios
of fixed to dissolved radioactivity in older portions
of the plume. This appears to be a result of non-
equilibriuu. desorption of strontium fixed in the soil
during initial contact with the contaminant plume.

3.16.3.2 LiquixMDi^posal^ Area

Eight more continuous cores were extracted from
the swamp receiving contaminated discharge from Chemical
Pit seepage. Multi-level groundwater samplers were
installed in all boreholes. Wet sediments in 15 cm
sections of the cores were screened for gamma activity,
and two cores from the most contaminated portions of
the plume were centrifuged to extract pore waters for
determination of in situ distribution ratios. To date,
distribution ratios for cobalt-60 have been measured,
and range from 1.1 mL-g~l to 80.5 mL-g"-'-. Concentra-
tion of fixed activity is much more variable than con-
centration in the pore waters, resulting in the
extremely variable distribution ratios. Again, non-
equilibrium desorption of fixed radioactivity is sus-
pected, although studies by J.O. McHugh indicate that
much of the dissolved cobalt-60 is present as an
anionic complex. Hydraulic head measurements are
being made to determine flow directions and estimate
velocities.



3.16.3.3 Tracer_InJ£ction_Experiment

Results of head measurements in and adjacent to
Dewdrop Lake show strong recharge due to seepage from
Twin Lake. Two more continuously cored boreholes were
logged and instrumented with multi-level piezometers;
D.R. Lee is currently employing these monitors to
better define flow paths. An experiment to compare
various techniques for measurement of hydraulic con-
ductivity anisotropy is being planned in association
with V.K. Barwell and D.R. Lee.

3.16.3.4 Exter_nal_Con;trac ts

A contract to study the influence of rapid
hydraulic head changes in the capillary fringe on
groundwater discharge behaviour and on local ground-
water flow directions has been let to R.W. Gillham of
the University of Waterloo. The contract, jointly
funded by the Environmental Research Branch, the
Environmental Authority, and the AECL Waste Management
Program, will also investigate soil moisture movement
in the "wick effect" cover installed at the tank farm
and in the low-permeability cover placed over Area "F".

A request for proposals for pulsed radar pro-
filing of overburden at CRNL has been drawn up and
circulated to a list of possible contractors supplied
by L.S. Collett, Head of the Terrain Geophysical Sub-
division of the Geological Survey of Canada.

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

3.16.4.1 General^ Objectives - D.R. Lee

The purpose of this work is to understand radio-
nuclide transport into, and distribution within, sur-
face waters. This goal is being sought through field
and laboratory experiments and research contracts.
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3.16.4.2 Bio discrimination of_Radionuc_lides_in Aquati£ Food
Webs - D.R. Lee, B.M. Kent and C.A. Macpherson

Attempts to recover brook trout from experimental
areas that were stocked last autumn have been unsuccess-
ful . We hope some of these trout will be collected
during summer contract work by the University of
Waterloo.

We are making field collections and measurements
of total beta and gamma activity in aquatic biota below
waste management areas. C.A. Macpherson is collecting
algae and aquatic invertebrates and has made equipment
arrangements for processing fish samples.

3.16.4.3 Groundwater-Contaminant Flux_to Surface_ Waters^
Field StudXes_ - D.R. Lee, B.M. Kent and E.M. Harrison

Reconnaissance methods are needed for locating
points of groundwater discharge to surface waters.
We have started a project designed to explore the
apparent association of some species of emergent aquatic
plants with various rates (0 to 0.6 pm-s"M of nearshore
seepage. Previous work indicated that three species
(one each in the genera Juneus, Scivgus , and Cladium)
grow only along the groundwater discharge shores of
Perch Lake.

East Swamp Stream is being instrumented for
studies of radionuclide transport in stream/groundwater
systems. To date, stream gauging has shown that the
stream gains water by groundwater discharge in the
area above the hydro line, but loses water to the ground-
water zone further downstream. Instruments installed
so far include a continuous stage-level recorder at the
weir near the hydro line and several sets of multi-
level samplers and mini-piezometers along the length
of the stream. Work is being co-ordinated with E.L.
Cooper who has instruments in the uppermost areas of
the stream.

Temporal changes of groundwater flow direction is
being collected near Dewdrop Lake and Perch Lake by
the use of piezometric observations. We are interested
in the effect of changes in flow direction on the dis-
persion of groundwater solutes.



3.16.4.4 Contra£t_ManagQnent. - D.R. Lee

A contract for a fish inventory survey of the
CRNL site is being negotiated with the University of
Waterloo. Dr. G. Power, will be principal investigator.
Work, which actually started June 01, is intended to
provide us with: (1) fish samples for radionuclide
analyses, (2) information on fish diets, movements and
abundance, and (3) local distribution maps. The fish
survey will be integrated with other aspects of the
waste management program.

Two other contracts have been written and are
now being processed. Entitled, "Chemical and biological
pathways of radium-226 in lakes" and "Annual flux of
^38LT-Series nuclides in runoff from Precambrian Shield
watersheds", the principal investigators are respectively,
R.H. Hesslein and G.J. Brunskill of the Freshwater
Institute, Winnipeg.

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 ^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, tri-
tium and 90gr. The results are shown in Figure 3.18.1.



Table 3.17. TLD Gamma Exposure Rates in Public Areas1

First Quarter 1980 (yR*/h)

Location
(see Fig. 3.17.1)

1

2

3

4

5

6

7

8

13

Harrington Bay3

Deep River

First Quarter
1980

10.6

5.6

4.2

4.7

4.7

4.2

4.7

6.6

Not available

4.6

4.2

1978
Average

11.7

7.0

5.0

6.1

4.5

4.2

5.0

7.2

10.1

7.8

5.6

1979
Average

9.5

7.3

3.9

4.8

4.3

4.1

4.9

8.3

9.32

5.9

4.8

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

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

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

3.19 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 releases from the Process
Sewer are given in Table 3.19 for the first quarter of
1980. Most of the radionuclides are measured by gamma
ray spectrometry.

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



3.19 LIQUID EFFLUENT MONITORING (cont'd)

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

Radionuclides

90Sr

137Cs

144Ce

106Ru

140Ba

1 3 1I

2 3 9N P

95zr
54Mn

46Sc

59Fe

65Zn

60Co

Daily
mCi/d

1

6

4

3

4

5

28

3

4

7

7

5

4

Release
MBq/d

37

222

148

111

148

185

1036

111

148

259

259

185

148

Perch Creek (see Fig. 3.17.1) draining Perch Lake
and the Disposal Areas, also flows into the river and is
sampled regularly. The total amount of radioactivity
discharged from CRNL per day is calculated from the mea-
sured flow rates and radionuclide concentrations in indi-
vidual streams (Fig. 3.19.1). The plutonium figures
represent 239Pu plus 240pu since these two isotopes can-
not be distinguished by alpha spectrometry.

Starting in 1980 the plutonium figures will be
expressed in terms of activity per day rather than mass
per day. Since 239pu an<j 240Pu cannot be distinguished
by alpha spectrometry and the two isotopes have different
half-lives, it is more meaningful to express the release



3.19 LIQUID EFFLUENT MONITORING (cont'd)

rate in terms of activity. Comparison with previous
release rates can be achieved by applying the conver-
sion: 1 mCi = 16.3 mg for "9p U f

At no time did the average concentrations of radio-
activity in the combined effluent flows exceed 1% of
the International Commission on Radiological Protection
(ICRP) 40-hour occupational Maximum Permissible Concen-
tration for drinking water (MPC ).

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 (see Fig. 3.17.1). Most
samples were combined and analyzed monthly for ^E as
well as quarterly for gamma-emitting radionuclides and
90sr. Strontium-90, 60co and 3H are still the main
contaminants in the Perch Lake basin.

3.21 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.

3.22 STUDIES OF THE BEHAVIOUR OF COBALT AND ACTINIDES IN THE
ENVIRONMENT - E.L. Cooper, J.O. McHugh, G. Lahaie and
M.J. Wenzowski

The in situ determination of the distribution of
between sediments and pore waters in a plume near

the Liquid Disposal Area is continuing. The distribution
coefficients exhibit considerable variability with depth
and core position. A large number of groundwater samples
were collected from sample wells in this area during the
spring snowmelt. These samples are currently being ana-
lyzed. The results to date indicate that there is a
significant temporal variation in the concentration of
radionuclides in the groundwater.



Table 3.21. TLD Gamma Exposure Rates in Exclusion Area1

First Quarter 1980 (yR*/h)

Location
(see Fig. 3.17.1)

9

10 (office)2

11

163

First Quarter
1980

24.8

9.8

7.5

7.5

1978
Average

30.8

13.4

10.1

10.6

1979
Average

30.5

13.2

12.5

10.2

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

2First floor office in Bldg. 513. Shielding factor for
4-1-Ar gamma ray is ^12. Background in the room due to
brick and concrete construction materials is 13 yR/h.

3Office in CRNL cafeteria.

3.22 STUDIES OF THE BEHAVIOUR OF COBALT AND ACTINIDES IN
THE ENVIRONMENT (cont'd)

A number of laboratory studies have been initiated
in order to determine some of the parameters which may
account for the variations observed in the field studies.
Leaching studies employing various types of solutions
indicate that there is a variation in leachable ^Co o n
the sediments. A study of the distribution of 60co with
grain size indicated that the highest 6 0co concentrations
are associated with the largest and smallest grain sizes.
The stronger adsorption to the smallest sized grains may
be due to their higher surface area to volume ratio.
The stronger adsorption to the larger grains may be due
to different minerals being present in this fraction.
This possibility is currently being examined.

Preliminary speciation studies of Co in the
surface water near the Liquid Disposal Area appear to
indicate that the 60co is in the form of a complex
which is more strongly adsorbed to anionic exchange
materials than to cationic or chelating resins. These
speciation studies are continuing. In addition, means
of extending these speciation studies to actinides are
being developed.

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



3.22 STUDIES OF THE BEHAVIOUR OF COBALT AND ACTINIDES IN
THE ENVIRONMENT (cont'd)

Plans are being made for an in situ injection
test which will yield information on the kinetics and
reversibility of cobalt adsorption on the sediments.

3.23 ESTABLISHMENT OF A DATA BASE FOR THE ENVIRONMENTAL
MONITORING PROGRAM - E.L. Cooper, M.J. Wenzowski and
L.J. Milton

Most of the programming for the data base manage-
ment package has been completed. L.J. Milton has
started collating and punching the data from previous
years.

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

The collection of tree sap and groundwater samples
was completed in the beginning of May. During the
collection period the samples were analyzed for tritium
activity by liquid scintillation counting and for pene-
trating beta activity (mostly due to 9^Y) by Cerenkov
counting. Several hundred samples were collected and
these are now being prepared for analysis by gamma ray
spectrometry.

As expected, some of the trees showed a consider-
able variation in tritium concentration in their sap
with time. It is interesting that the concentration of
penetrating beta activity also appears to vary with
time. This could reflect a variation of the concentra-
tion of activity in the groundwater with time or a
variation in the mineral uptake of the trees with time.
More information on this will be available once the
more detailed sample analyses have been completed.

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

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



3.25 TRITIUM SURVEY (cont'd)

Table 3.25. Tritium in Streams in the Exclusion Area
First Quarter 1980

3.26

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream1

Concentration
yCi/L

0.086

0.015

0.291

0.239

5.220

kBq/L

3.18

0.54

10.78

8.83

193.1

Quarterly Release
Ci

939

1.43

30.8

53.4

28.02

GBq

3.47 x 104

53

1140

1976

1962

1Duke Stream discharges into Maskinonge Lake; all other
streams flow directly to the Ottawa River.

2January only. No flow measurements in February and
March because of frozen weir.

SURVEY SUMMARY - E.L. Cooper

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

3.27 PUBLICATIONS

CHAMP, D.R., J. GULENS and J.L. YOUNG. Study of pH-EH
influence on arsenic migration (Abstract), p. 44 in
Program With Abstracts3 Vol. 5. Geological and Mineralo-
gical Associations of Canada, Halifax, N.S.

MERRITT, W.F. and I.L. OPHEL. Site selection and opera-
tion of a waste management area for bulk low-level
radioactive wastes (Abstract), p. 6 in Canadian Radia-
tion Protection Association First Annual Meeting Program.
Canadian Radiation Protection Association, Montreal,
Quebec.



3.28 VERBAL PRESENTATIONS*

.3.28.1 Presented Papers

BARWELL, V.K.** and D.R. LEE. Anisotropy determination
using lakebed seepage flux measurements. Conference
on Modelling, Policy and Decision in Energy Systems,
May 28-30, Montreal. V.K. Barwell also chaired session.

CHAMP, D.R.**, J. GULENS and J.L. YOUNG. Study of pH-EH
influence on arsenic migration. Geological and Mineralo-
gical Associations of Canada, May 19-21, Halifax, N.S.

KILLEY, R.W.D. Hydrogeologic investigations around
waste management area "C". Geotechnical information
Meeting - Nuclear Fuel Waste Management Program,
May 05-06, Ottawa.

LEE, D.R.** and V.K. BARWELL. Field techniques for the
analysis of groundwater discharge areas. Geotechnical
Information Meeting - Nuclear Fuel Waste Management
Program, May 05-06, Ottawa.

MERRITT, W.F.** and I.L. OPHEL. Site selection and
operation of a waste management area for bulk low-
level radioactive wastes. Canadian Radiation Protec-
tion Association First Annual Meeting, May 08-09,
Montreal, Quebec.

3.28.2 Lectures or Seminars

CHAMP, D.R. Health and environmental considerations
in energy production. Briefing session for Speaker's
Group at Sheridan Park, May 01, Mississauga.

CHAMP, D.R. Health and environmental impacts of energy
alternatives. Radio interview, CHNS Radio, Halifax,
N.S., May 2 0.

CHAMP, D.R. Canada's nuclear option. Presentation to
The Institute of Public Administration of Canada,
Newfoundland Chapter, St. John's, Nfld., May 23.

CHAMP, D.R. Assessing the health and environmental im-
pact of energy technologies. Presentation to Parli-
mentarians as part of exhibit and seminar series on
Nuclear Energy, Ottawa, June 02-03.

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

**Presented by



3.28.2 Lectures or Seminars (cont'd)

LEE, D.R. Methodology for evaluating groundwater-
contaminant flux to surface waters. Presented to
Environmental Sciences Division, Oak Ridge National
Laboratory, April 11, Tennessee.

LEE, D.R. Instructed on "The interface between surface
waters and groundwaters". University of Waterloo,
671-Field Methods in Hydrology, April 2 5-26,
Alliston, Ontario.

3.28.3 Local Talks

(A) 2nd Annual Informal Course in Radiation Protection
Procedures, April 22, CRNL

COOPER, E.L. Environmental monitoring at CRNL.

JUDD, J.M. Perch Lake Tour.

(B) Briefing of CRNL Summer Student Guides by Environ-
mental Research Branch, 19 80 May 13

JUDD, J.M. Tour of Environmental Research Branch and
Perch and Maskinonge Lakes.

OPHEL, I.L. Environmental Research Branch research.

(C) Other

CHAMP, D.R. Tour of Perch Lake and discussion of radio-
isotope use and studies in environmental research.
Visit of Maureen Olien, Government of Alberta,
April 16, CRNL.

CHAMP, D.R. Tour of environmental research facilities
and discussion of environmental research in the nuclear
industry. Visit of Elaine Dewar, contributing editor
to City Women Magazine, May 15, CRNL.

CHAMP, D.R. Tour of Perch Lake and discussion of en-
vironmental impact assessment of energy technologies.
Visit of Northern Ontario Caucus of Federal Liberal
Party, May 27, CRNL.

MERRITT, W.F. Safe handling of radionuclides. Pre-
sented to Health Sciences Division personnel, May 16,
CRNL.



3.28.3 Local Talks (cont'd)

MERRITT, W.F. Resettlement of Enewetak atoll by the
Marshall Islanders. Presented to CRNL personnel,
June 17.

3.29 INVITED SPEAKER*

GOBLET, P., Centre d'Informatique Geologique, Ecole
National Superieure des Mines de Paris, Fontainebleau,
France - "Modelling transport mechanisms in porous
or fractured media, both for interpreting tracer
tests and for predicting release rate in an actual
nuclear waste storage site", CRNL, June 02.

*Papers in this section are generally not available in
print.
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Figure 3.18.1. Ottawa River water 1980.
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5.1 STAFF

Branch Head - D.K. Myers

Biochemistry of DNA and RNA
H.C. Birnboim ~
K.V. Deugau1

R.S. McWilliams2

Radiation Damage in Cell Walls
and Membrane

R.E.J. Mitchel

Enzymatic Repair of Radiation
Damage to DNA

N.E. Gentner
B. Rozga

DNA Repair in Cultivated Human Cells
M.C. Paterson
N.T. Bech-Hansen3

P.J. Smith3

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

Bacteriophage T4 Genetics
J.D. Childs

Radiation-Induced Tumors
D.K. Myers

Assistants J.J. Jevcak
A.G. Knight

Assistant K.M. Baird

Assistant M.M. Werner

Assistants D.A. Devlin3

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

Assistants V.M. Clermont"
M.C. Wolfgram

Assistant R. Pi Ion

Assistants L.D. Johnson
J.F. McGregor

Secretary
C.I. Walters

Animal House Supervisor
M.A. Jones

Laboratory Attendant
B.A. Ruhnke

^ostdoctorate Fellow (Natural Sciences and Engineering Research Council),
Faculty of Medicine, The University of Calgary, 1980 May 05.

2Attached Staff, Department of Biology, University of Ottawa, 1980 May 15.
3Attached Staff under contract with the U.S. National Cancer Institute
Contract No. N01 81002 (REP Nd. NCI-CP-FS-81002-65), 1980 April 08.
"Terminated employment 1980 April 30.



Summer Students

Randall G. Chipperfield, University of Calgary, working with
H.C. Birnboim, reported for work 1980 May 05.

Valerie D. Ladouceur, Canadore College, working with D.K. Myers,
reported for work 1980 May 12.

Sandra M. MacFarlane, Laurentian University, working with
N.E. Gentner, reported for work 1980 May 12.

Michael V. Middlestadt, Queen's University, working with
M.C. Paterson, reported for work 1980 April 28.

June M. Tugwood, University of Western Ontario, working with
D.P. Morrison, reported for work 1980 May 20.

Summer Professor

Dr. Ian G. Walker, Professor, Department of Biochemistry, Health
Sciences Centre, University of Western Ontario, working with M.C. Paterson,
1980 June 02.

5.2 AIMS OF THE BRANCH

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

BIOCHEMISTRY AND MOLECULAR BIOLOGY

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

We have shown earlier that the method of alkaline
denaturation for detecting radiation-induced strand breaks in
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DNA can be applied to unlabelled human white blood cells. A
fluorescent dye, ethidium bromide, is used to follow the rate
of unwinding of the DNA strands after human white blood cells
are exposed to alkali. Experimental conditions which affect
the reproducibility and sensitivity of the method have been
explored further. Analysis of white blood cell samples requires
less than four hours. Currently, the lower limit of detection
of DNA damage is about 0.1 Gy for Co60-radiation of whole blood
JH vitro.

5.4 DETECTION BY A FLUORESCENT METHOD OF RADIATION DAMAGE AND ITS
REPAIR IN PURIFIED HUMAN LYMPHOCYTES - R.S. Mcwilliams, J.J. Jevcak,
and H.C. Birnboim

Lymphocytes, which constitute about 35% of peripheral white
blood cells, are a group of specialized cells involved in the
immune response, that is, they produce specific antibodies which
suppress exogenous viral and bacterial infections and probably
also endogenous cancerous cells. Although usually non-dividing,
these cells can be stimulated to divide by certain agents. It
is from such cells that chromosomes have been prepared
for the study of chromosome aberrations, such as those produced
by radiation. The fluorometric method described in section 5.3
is being applied to these cells after their isolation from blood
and maintenance in tissue culture medium. The extent of DNA
damage and the rate of its repair will be studied both in
unstimulated cells and in cells stimulated to divide.

5.5 PREPARATION OF PLASMID DNA FROM BACTERIAL CELLS - H.C. Birnboim
R.G. Chipperfield, and A.G. Knight

An important vehicle for cloning of DNA fragments by
Recombinant DNA methods involves the use of bacterial plasmids.
The latter are circular DNA molecules, found in the cytoplasm
of some bacterial cells; these molecules have in common the
property of self-replication, independent of the bacterial
chromosome. If DNA from any organism (including man) is spliced
into the plasmid DNA, the "hybrid" plasmid replicates much like
the original plasmid. One single DNA molecule representing,
for example, a single gene from a single human cell, can be
grown into unlimited quantities once spliced into a plasmid DNA.

We have previously described a procedure for screening
different hybrid plasmids by isolating numerous different clones
of bacterial cells and partially purifying the different hybrid
plasmid DNAs. This procedure, first shown to be useful for
screening, may also be useful for preparing large amounts of
highly purified plasmid DNA. A protocol for adopting our earlier
analytical method to a preparative one is now being developed.
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5.6 ANALYSIS OF POLYPYRIMIDINE SEGMENTS IN CLONED MOUSE DNA FRAGMENTS
K.V. Deugau and H.C. Birnboim

Hybrid plasmids containing fragments of mouse DNA have
been constructed and screened for their content of polypyrimidine
segments (HCB, during an extended visit to the Institut de
Recherche en Biologie Moleculaire, Paris, France). Several
cloned mouse DNA fragments which contain long pyrimidine/purine
segments were identified. With the completion of a Recombinant
DNA laboratory at CRNL, more detailed analysis of these cloned
fragments has begun. One clone, pC15, has been prepared
in larger quantity and the polypyrimidine segment has been
isolated in sufficient quantity to begin nucleotide sequence
analysis. The nucleotide sequence of polypyrimidine segments
in several such clones will be determined and compared as this
may provide us with information about the origin and function of
near ubiquitous class of repeated DNA sequences.

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

Oxygen appears to magnify the importance of hydroxyl
radical damage resulting in increases in both cell killing and
genetic damage. A quantitative estimation of this enhancement
shows that in both cases 'OH damage is about 1.8 times more
damaging in the presence of oxygen. The concentration of oxygen
required to increase genetic damage due to -OH radicals has
been determined and mapped on the biphasic curve of total oxygen
response obtained previously. It was shown that only very low
concentrations of 02 were required to produce this increase.
This result suggests that -OH induced free radicals in DNA are
either extremely reactive with O2. or have relatively long life
times.

5.8 RADIATION INDUCED LETHALITY AND GENE CONVERSION IN SACCHAROMYCES
CEREVISIAE. RELATIVE EFFECTIVENESS OF THE PRIMARY AQUEOUS
RADICALS - R.E.J. Mitchel, D.P. Morrison, P. Unrau, K.M. Baird,
and M.C. Wolfgram

The yeast S. cereyisiae (D7.52a) was monitored for genetic
change (trp reversion) and survival after 60Co-y irradiation
under various conditions. An apparent difference was found
between the ability of aqueous elections to kill cells and to
cause genetic change. This difference has now been shown to
be cell cycle dependent. Cells in stationary phase display
the behavior described above but cells in log phase do not.
Aqueous elections appear to be equivalent to hydroxyl radicals
in causing genetic damage to both log and stationary phase cells
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but not as effective in killing cells in stationary phase.
Some of the DNA damage inserted by aqueous elections in
stationary phase cells may not be expressed as cell killing.

5.9 FORMATION OF 5-HYDR0XYMETHYLCYT0SINE-C0NTAINING DIMERS IN
UV-IRRADIATED BACTERIOPHAGE T4 DNA - J.D. Childs and R. Pilon

Skin cancer in humans results from exposure to solar
ultraviolet light. The most important wavelengths are
probably from 295 nm to 315 nm, as shorter wavelengths are
filtered out by atmospheric ozone, and longer wavelengths despite
their higher fluence have little biological effect. We have
undertaken a study of the photoproducts in this part of the
ultraviolet spectrum and, for comparison, at shorter wavelengths
which are frequently employed in biological experiments. An
important class of UV-induced photoproduct is the pyrimidine
dimer formed between adjacent pyrimidines in DNA. We have
previously shown that the unusual pyrimidine, glucosylated
5-hydroxymethylcytosine (G5HMC), which is present instead of
cytosine in bacteriophage T4 DNA, can participate in the
formation of dimers with thynrine (T). A mutant of bacteriophage
T4 fails to glucosylate its DNA and this provided the opportunity
to study the effect of glucosylation on dimer formation.

The amount of 5HMCT formed relative to TT in these
experiments, and the/atio of G5HMCT:TTin wild type T4 DNA
and the ratio of (5T:TT in Escherichia coli DNA determined
previously was:

Wavelength (nm)

5HMdT:fr

G5HM(JY:fT

CT:TT (E. coli)

254

.0.15

0.07

0.76

280

0.21

0.09

0.83

300

0.40

0.28

1.15

313

0.72

0.41

1.56

320

0.27

0.26

0.84

It can be seen in each case that dimers containing cytosine
or modified cytosine (G5HMC or 5HMC) are formed in highest yield
relative to TT at 313 nm. The effect of glucoslation is to
reduce the rate of formation of 5HM(fr dimers at all wavelengths,
except at 320 nm. Even without glucose, however, the ability
of 5HMC to participate in dimer formation is reduced compared
to cytosine.
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5.10 USE OF ALKALINE ELUTION TECHNIQUE TO STUDY DNA DAMAGE AND
REPAIR IN HUMAN CELLS - N.E. Gentner, M.M. Werner, and
B.P. Smith

Alkaline elution is a sensitive technique for measuring
DNA damage; it basically measures the unwinding of DNA strands.
Various types of damage affect this unwinding in predictable
ways. This makes it possible to measure the rate of repair
of particular types of lesions from among the wide spectrum
of classes of damage induced by ionizing radiation. This
program seeks to identify the particular lesion(s) for which
repair is defective in cells from radiosensitive individuals
with the cancer-prone disease ataxia telangiectasia (AT).

The repair of strand breaks and DNA-protei.n cross-links
has previously been known to be rapid and normal in AT cells.
The present class of lesions under examination are of a type
deemed to require the action of a recombinational repair process.
Interstrand DNA cross-links induced by the recombinogen and
carcinogen, mitomycin C, are being used as a model system.
These cross-links are detected because they restrict the normal
DNA elutability following a test y-ray exposure. Such cross-links
seem to be repaired in normal cells much more slowly than, for
example, strand breaks induced by ionizing radiation. We are
examining in detail the kinetics of repair of these cross-links
in normal cells.

5.11 MEASUREMENT OF DNA-DNA INTERSTRAND CROSS-LINKS BY SEDIMENTATION
ANALYSIS - N.E. Gentner and S. MacFarlane

Single-strand breaks induced by ionizing radiation can be
measured by the reduction in sedimentation velocity which they
cause in DNA in alkaline sucrose gradients. These breaks are
linearly related to dose. We anticipated that the presence of
DNA-DNA interstrand cross-links formed by treatment with the
bifunctional carcinogen mitomycin C might reduce the rate of
induction of strand breaks on subsequent y-exposure. In
alkaline, interstrand cross-links would hold together single-
strand pieces of DNA which would otherwise separate, and
therefore act to reduce the likelihood of the strand scissions
registering as breaks. Preliminary research indicates that
it may indeed be possible to differentiate cross-linked DNA
from normal DNA in this manner. This approach to studying the
kinetics of repair of interstrand cross-links is being tested
in normal cell lines.
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5.12 USE OF HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC) TO FOLLOW
UV-INDUCED LESIONS IN HUMAN DNA - N.E. Gentner, B. Rozga,
B.P. Smith, and M.C. Paterson

Gross measurements of repair in a number of laboratories
have revealed deficiencies in cells from patients with the
sunlight sensitive disease xeroderma pigmentosum (XP) in repair
of UV-induced pyrimidine dimers. These studies have not
differentiated the fate of particular types of dimers.

Reverse-phase HPLC has enabled us to follow tjie specific
fate of the two types of labelled dimers, fT and CT, produced
in UV-irradiated DNA labelled with tritiated thymidine. fY
separation is good. The product from CT elutes very close
to other material found even in unirradiated cells; the
signal-to-noise ratio for (TT product has been improved by
careful methodology.

A normal cell line, cells from three different XP com-
plementation groups, and an XP variant are used. The rate
of induction is the same in all strains, with respect to a
particular type of dimer. The time course of repair for
the two types of dimer has been performed at least in duplicate
for each strain, and the results are being compiled.

5.13 RADIOSENSITIVITY IN HUNTINGTON DISEASE (HD) - N.T. Bech-Hansen,
B.M. Sell, and M.C. Paterson

Huntington disease is a dominantly inherited disorder
characterized by the premature death of nerve cells. The disease,
which has a prevalence of 1 in 101* to 5 x 101* in the population,
has an average age-of-onset in the fourth decade of life but is
seemingly not associated with any unusual development of
malignancies. The disease is clinically well documented but
the basic defect is still unknown. We have recently measured
the in vitro radiosensitivity of fibroblast strains from eight
individuals with HD and three individuals "at risk" for HD.
We used our standard colony forming assay and graded doses of
60Co y-rays in the experiments. Six of the eight HD strains
were significantly more sensitive to y-radiation than our
reference strain. Among the different strains there was a
broad range in doses producing 10% survival (Dio.Gy) with
a low of 2.82 + 0.22 Gy to a high of 3.70 +_0.1 Gy compared
to the dose for the normal (GM38) strain of 4.07 +_ 0.09 Gy.
The "at risk" strains were all radiosensitive (2.6 ̂  0.17,
3.2 +_ 0.17 and 3.31 +_ 0.17 Gy). Our observation of
moderate radiosensitivity in HD and "at risk" strains confirms
the initial observations from the laboratories of C. Arlett
(University of Sussex, U.K.) and J. Robbins1 (Bethesda, U.S.A.)



and extends the number of radiosensitive strains. This in vitro
phenotype may be of practical use (i) in presymptomatic
diagnosis and (ii) in studies of the molecular defect in this
disorder. Thus we are examining the possibility that the jj^
vitro radiosensitivity in HD strains is the manifestation of
a DNA repair defect.

5.14 GAMMA-RAY INDUCED UNSCHEDULED DNA SYNTHESIS (UDS) IN ATAXIA
TELANGIECTASIA CELLS - P.J. Smith, D.A. Devlin, and M.C. Paterson

We have further evaluated an autoradiographic method for
the quantification of DNA repair in human cells by measuring gamma-
ray induced UDS in cells from ataxia telangiectasia (AT) patients.
UDS is a cytological assay in which the DNA-synthetic phase of
excision repair is followed by autoradiography of cell nuclei.
We have measured UDS in AT cell strains which have been classified,
by other methods, as deficient (AT2BE) or proficient (AT4BI and
AT5BI) in the excision repair of gamma-ray induced DNA base
damage.

The levels of UDS in the three AT strains were measured
following exposure to 500 Gy gamma-rays (hypoxic conditions) and
expressed as a percent of UDS in normal control strains (GM 498
and GM 3 S \ The excision repair defective strain (AT2BE) ex-
pressed 57,40 and 41% UDS at 2, 4, and 6 h after irradiation. For
the same incubation periods, two gamma-ray repair proficient
strains expressed levels of 93, 88, and 113% UDS (AT4BI) and
102, 97, and 100% UDS (AT5BI) respectively. Thus the technique
clearly demonstrates the repair defect in AT2BE and the pro-
ficiency of AT4BI and AT5BI for gamma-ray induced repair synthesis.

We hope to make use of this assay in future studies on AT
and other human disorders in which there may be an underlying
defect in DNA repair. The resolution and inexpensive nature of
the UDS technique appears to lend itself to the screening of
selected populations for the identification of AT heterozygotes
who show moderate deficiencies in repair synthesis. Identification
of the AT heterozygote subpopulation is pertinent in view of
their predisposition to cancer.

GENETIC AND POPULATION STUDIES *•*•-_

5.15 THE GENETIC EFFECTS OF TRITIATED WATER ON S^ CEREVISIAE -
D.P. Morrison, P. Unrau, and R.V. Osborne*

In the yeast strain AD4 it has been reported that the gene
conversion induction rate is affected by H Y-ray dose rate,
being higher per unit dose at 31 mCi/mL (1.15 GBs/mL) than at
62 mCi/mL (2.30 GBqi/mL) (ito and Kobayashi, Radit. Res. 76:139,1978)
The relate* yeast strains D7.52a and MU42 do not exhibit this type of

*Health Physics Branch, Health Sciences Division
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response. We are currently reassessing the effect of tritiated
water on strain AD4 using the protocol previously used for the
other two strains. At a tritium activity concentration estimated
to give a (3-ray dose rate of 38 mGy/min we have obtained a gene
conversion induction rate of 6.3 convertants/106 cells/Gy under
hypoxic conditions. This is considerably less than the 22.7 and
15.8 convertants/106 cells/Gy (at 43 and 87 mGy/min respectively)
reported for this strain by Ito and Kobayashi. We had previously
assumed that anoxic conditions had been used in the work of these
investigators. The differences between the induction rates that
have been observed for strain AD4 may indicate that this was
not so. A failure to adequately control the condition of cells
before and during exposure could give rise to anomalous results.
The possibility that this was the case with the AD4 3H B-ray dose
rate effect will be investigated.

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

The effects of growth temperature on the yield of spontaneous
genetic events (trp_+ gene conversion and i1v+ back mutation)
has been tested in our diploid stocks. All five strains (D7.W,
control; D7.rad3, excision defective; D7.MU24, recombination
defective; D7.rad6, "error prone repair" defective; and D7.52a,
our usual experimental strain) showed a striking decrease in
spontaneous events over an 8°C range (30°C; 26°C; and 22°C; our
normal incubation temperature is 30°C). The mean levels of
spontaneous events are approximately halved by decreasing
incubation temperature though cell division times, under investigation,
increase significantly. We are considering two hypotheses for
this decrease in spontaneous changes. It is possible that the
genetic material is intrinsically more stable at 22°C, thus
decreasing the input of lesions to replication. Alternatively
or additionally, the longer cell cycle time may allow a greater
probability of lesion correction prior to replication, leading
to greater replication fidelity as measured in our assays.

In our normal experimental procedures irradiated populations
are incubated at 30°C to allow survivors and genetically altered
cells to arise. In experiments involving D7.rad6 cultures grown
at 22°C or 26°C prior to irradiation we observed significantly
greater radiation resistance than in cultures grown at 30°C. This
phenomenon is unexpected and may be related to the physiological
state of the cells. Alternatively it may relate to the defect
in D7.rad6, which prevents the induction of mutations but not
recombinants. These experiments are part of a program to identify
and characterize the repair mechanism specified by the RAD6
gene complex.
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5.17 INDUCTION OF GENETIC CHANGES IN YEAST - L.D. Johnson and D.K. Myers

In previous reports we have presented data on the induction
of gene conversion in D7 strains of the yeast S. cerevisiae.
We have extended this work by including y-rays, ultraviolet
radiation, microwave radiation and ethylmethanesulfonate as well
as extending our studies of Na2S03 including Na2S0i,.

Our work with y-r&ys is consistent with that reported by
Unrau, Zimmermann and Johnson (submitted to Radiation Research).
The average yield for MU-42 was 5.02 + 0.44 convertants per
Gy per 106 survivors; for D7.rad%2a tffe yield was 5.46 H^ 0.73
convertants per Gy per 106 survivors. The induction rate was
linear with respect to dose.

Like NaN02» ultraviolet radiation (254 nm) does not give
the same yield of trp5 convertants with D7.rad52a and MU-42
nor is the induction rate linear with dose. The induction rate
is the same for the two strains. With a fluence of 10 J/m2
the ratio

MU"42 is 1.35
D7.rad52a

With the cooperation of Dr. Birnboim we performed a pre-
liminary experiment using a General Electric Model Jet 91 micro-
wave oven. The cells were suspended in H20 in a plastic centrifuge
tube which was immersed in an ice-Hz0 mixture (%l litre) in a
plastic beaker. The sample was given 5 two minute increments
of irradiation at full power (given by the manufacturer as about
625 watts) with ice added to the beaker between increments. For
gene conversion in D7.rad52a our result was 0.0 +_ 1.4 convertants
per 106 survivors. For back mutation at the Ilvl-92 locus
our result was 0.6 _+ 1.0 revertants per 106 survivors. Survival
was 100%. Microwaves do not appear to induce appreciable numbers
of genetic changes in this system.

Ethylmethanesulfonate (EMS) has been reported as a mutagen
in the Ames (Salmonella) test and gives a positive result in the
mouse sperm abnormality assay. Zimmermann ejt̂  aj_ [Mutation Res.
28:381-388 (1975")] has shown that EMS induces gene conversion in
D7 strains of S. cerevisiae. His results give a line with a
slope of 1.8 on a log-log plot, while ours give a slope of 1.2.
In Zimmermann's work his survival was 58% at the highest dose
given; in ours it was 97%. We used a different combination of
EMS concentration and exposure time. We have observed that the
slope of the induction curve changes (increases) when survival
begins to fall.
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In extending our studies of sulfite we have found that
reducing the pH to 3 increases the rate of induction, that
aeration is important for induction and temperature may be
important as well. Recent results with D7.rad52a give a line
with a slope of 1.4 on a log-log plot.

We have also attempted to induce gene conversion in D7.rad52a
with Nâ jSO,, at pH 4.0. We were unable to detect any conversion
when the cells were exposed for 2 h at. 20OC and concentrations
ranging up to 1.0 molar. The survival in 1.0 molar Na2S0,, was 89%.

5.18 TUMOR INDUCTION IN RATS: SYNERGISTIC EFFECTS IN RADIATION
CARCINOGENESIS - J.F. McGregor

A paper demonstrating the tumor-promoting ability of
cigarette-smoke condensate (CSC) in rat skin following the
induction of tumors by beta-radiation is being submitted to
the Journal of National Cancer Institute for publication. A
statistically significant increase (P<0.001) in papilloma
yield is shown for CSC treatment beginning at two months
following the irradiation. This finding confirmed our pilot
observation (J. Natl. Cancer Inst. 56:429-430, 1976). The
experiment was extended to include observations in the cancerous
phase, plus an experiment to determine the effects for CSC
beginning immediately after irradiation. For this second
experiment, the papilloma yield was significantly (P<0.01)
reduced, but the effect could be attributed to a consequence
of ulceration caused by the CSC on the recently irradiated
skin. For both experiments, that is, CSC treatment beginning
immediately after irradiation, or at two months after irradiation,
the carcinoma yields were increased, but the differences to
their radiation alone controls were non-significant (P=0.125,
P=0.079, respectively).

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

This experiment has now been in progress for 18 months.
During this time 126 animals have died (29%) from a variety of
causes.

We have identified skin tumors on 145 animals (34%) either
during autopsy on dead animals or by inspection on those still
living.

We are terminating this experiment \iring 1980 June in
order to make a final compilation of the data.

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

Preparations for the long-term follow-up of past CRNL
employees are continuing in collaboration with Office Services
Branch, Mathematics and Computation Branch and Dr. J.L. Weeks,
WNRE. Identifying information on approximately 3000 past
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employees has now been tabulated in Office Services Branch.
Following discussions of this study with Dr. Weeks and others,
a request for information on causes of death of approximately
450 past employees has been initiated.

Considerable time has been spent in preparing informal
notes and talks on biological effects of radiation for various
other persons. Draft documents prepared for the next meeting
of the United Nations Scientific Committee on the Effects of
Atomic Radiation are being reviewed and comments prepared as
these documents are received. Comments on the
Registry and uses of Social Insurance Number for this purpose
were exchanged at a meeting of the National Health and Welfare
Working Group on Dosimetry.

Two meetings of an AECB Subcommittee on Risk Estimates
(formerly designated as a working group) were attended. A
proposed outline for review of effects of alpha-particles was
prepared and accepted with minor revisions.

5.21 PUBLICATIONS

Bech-Hansen, N.T., B.P. Smith, B.M. Sell, and M.C, Paterson -
Radiosensitivity in skin fibroblast cells from individuals
with Tuberous Sclerosis. Proc. 21st Annual Meeting AACR,
Vol. 21, p. 47 (1980) (Abstract).

Morrison, D.P. and P.J. Hastings - Characterization of the
mutator mutation mut5-l. Molec. gen. Genet. 175, 57-65 (1979),

Morrison, D.P., Siew-Keen Quah, and P.J. Hastings - Expression
in diploids of the mutator phenotype of some mutator mutants
of Saccharomyces cerevisiae. Can. J. Genet. Cytol. 22,
51-59 (1980).

Unrau, Paul, Douglas R. Champ, James L. Young, and Caroline E.
Grant - Nucleic acid-binding glycoproteins which solubilize
nucleic acids in dilute acid. The Journal of Biological
Chemistry 255. (2), 614-619 (1980).

5.22 VERBAL PRESENTATIONS*

5.22.1 Presented Papers

Bech-Hansen, N.T. - In vitro radiosensitivity and DNA repair in
Huntington disease and tuberous sclerosis. Presented at
Mutagenesis Gathering, University of Western Ontario,
London, 1980 May 08-09.

Bech-Hansen, N.T. - Radiosensitivity in skin fibroblast cells
from individuals with tuberous sclerosis. Presented at
Annual Meeting of American Association for Cancer Research,
San Diego, CAj 1980 May 27-31.

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



Mitchel, R.E.J. - A comparison between cell killing and genetic
damage in yeast irradiated in the presence of various
concentrations of molecular oxygen. Presented at
International Conference on Oxygen and Oxy-Radicals in
Chemistry and Biology, Austin, TX, 1980 May 25-29.

Mitchel, R.E.J. - Radiation induced lethality and gene
conversion in Saccharomyces cerevisiae. Relative
effectiveness of the primary aqueous radicals. Presented
at 28th Annual Meeting of Radiation Research Society,
New Orleans, LA, 1980 June 01-05.

Myers, D.K. - Gene conversion as an assay system for carcinogenic
agents. Presented at 28th Annual Meeting of Radiation
Research Society, New Orleans, LA, 1980 June 01-05.

Paterson, M.C. - Heritable radiosensitive disorders in man.
Presented at the NATO Advanced Study Institute/EMBO Lecture
Course on Chromosome Damage and Repair, GodjJysund, Norway,
1980 May 27-June 05.

Smith, P.J. - Defective DNA repair in cultured fibroblasts derived
from Rothmund Thomson Syndrome patients. Presented at
Mutagenesis Gathering, University of Western Ontario,
London, 1980 May 08-09.

Smith, P.J. and M.C. Paterson - Rothmund Thomson Syndrome:
in vitro radiosensitivity and defective DNA repair in
cultured skin fibroblasts. Presented at 28th Annual
Meeting of Radiation Research Society, New Orleans, LA,
1980 June 01-05.

5.22.2 Lectures or Seminars

Bech-Hansen, N.T. - Radiosensitivity and human disorders.
Presented at Workshop on Environmental Mutagenesis, Annual
Meeting Genetics Society of Canada, University of Guelph,
Guelph, 1980 June 17-18.

Myers, D.K. - General information on a study of the health
of AECL employees. Given at AECL Head Office, Tunney's
Pasture, and South March, 1980 April 29-30.

Paterson, M.C. - Hereditary and environmental interactions in
human cancer. Presented to the Medical Biological
Laboratory, TNO, Rijswijk, The Netherlands, 1979 May 19.

Paterson, M.C. - Heritable radiosensitive and DNA repair-
deficient disorders in man. Presented to the Department
of Cell Biology and Genetics, Erasmus University, Rotterdam,
The Netherlands, 1980 May 20.
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Paterson, M.C. - Radiation, heredity, and human cancer. Presented
to the Swiss Institute for Experimental Cancer Research,
Epalinges, Switzerland, 1980 May 22.

5.22.3 Local Talks

Deugau, K.V. - Improved Q banding of human metaphase chromosomes
with a bifunctional analog of quinacrine. Presented at
Radiation Biology Branch Seminar, CRNL, 1980 May 16.

Gentner, N.E. - Radiation--A natural life force. Presented
at Health Sciences Division Seminar, CRNL, 1980 April 16.

Gentner, N.E. - Chemical evolution and the origin of life. Main
address at the Annual General Meeting of the Chemical
Institute of Canada, Deep River section, Deep River,
1980 May 20.

Myers, D.K. - Cancer Risks. Talked with visitor, Mrs. Maureen Olien,
Senior Radiation Health Officer, Occupational Health &
Safety Division, Alberta Workers' Health, Safety &
Compensation, Edmonton, Alberta, at CRNL, 1980 April 17.

Myers, D.K. - Biological benefits and hazards of radiation.
Presented at 2nd Annual Informal Course in Radiation
Protection Procedures, CRNL, 1980 April 22.

Myers, D.K. - General information on a proposed study of the
health of the employees of Atomic Energy of Canada Limited.
Presented at Health Sciences Division Seminar, CRNL,
1980 April 28.

Myers, D.K. - Radiation Biology. Presented to summer student
guides, CRNL, 1980 May 13.

Myers, D.K. - Research and development in Health Sciences Division.
Talk to visitor, Stuart Butler, Director of the Lucas Heights
Research Establishment, Lucas Heights, Australia, 1980 May 16.

Myers, D.K. - Informal report on selected talks from Radiation
Research Society meeting, New Orleans, LA, 1980 June 09.

Paterson, V.C. - DNA repair-deficient disorder in man. Presented
to summer student guides, CRNL, 1980 May 13.

Paterson, M.C. - Heritable radiosensitive disorders in man.
Presented to Radiation Biology Branch Seminar, CRNL,
1980 May 15.
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5.23 INVITED SPEAKERS*

Dr. Terence W. Anderson, Department of Preventive Medicine and
Biostatistics, University of Toronto - "Epidemioiogical
Approach to Radiation Problems" (Discussion of methods for
studying the health of radiation workers), 1980 April 02.

Dr. J.F. Beck, Department of Chemistry, St. Francis Xavier
University, Antigonish, Nova Scotia - "Biological Interactions
of H2S", 1980 June 16.
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BIOMEDICAL RESEARCH BRANCH

by

J.R. JOHNSON

6.1 STAFF

6.2 BIOASSAY LABORATORY

6.2.1 Tritium Dosimetry

6.2.2 Bioassay Analyses Tables

6.2.2.1 Personnel of CRNL

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

6.3 IN VIVO MONITORING

6.3.1 In-Vivo Monitoring: Table

6.4 RADIOCHEMICAL ANALYSIS

6.4.1 Actinide Separation

6.4.2 35S and 32P

6.4.3 90Sr, * ° Y , i-7pm> m C e

6.5 METABOLIC MODELS AND INTERNAL DOSIMETRY

6.5.1 NEA Working Group on Radon Daughter Dosimetry

6.5.2 WHO Working Group on Health Implications of High Level Waste
Disposal

6.5.3 Radiopharmaceutical Dosimetry

6.5.4 Committed Effective Dose Conversion Factors

6.6 PAPERS, REPORTS, PRESENTATIONS

6.6.1 Presented Papers

6.6.2 Reports



6.1 STAFF

Branch Head

Secretary

Professional

Technical

Clerical

Summer Students

L.A. Kaden

J.R. Johnson
G.H. Kramer

D.F. Autayo
I.M. Christie
S.E. Gardner (1)
A. Hesketh

M. Gresham (Part-time)

J.M. Davies (2)
K.S. Lowe (3)

6.2 BIOASSAY LABORATORY

6.2.1 Tritium Dosimetry

Documentation on the new computer programs that maintain
the tritium dose files and prepare bi-weekly, quarterly and
annual reports is being prepared.

6.2.2 Notes to Tables 6.2.2.1 - 6.2.2.3

1) The term "positive" indicates samples that contained a
significant amount of a particular radioactive isotope. An
individual positive at a particular time is removed from
exposure to radioactive materials until subsequent analyses
show excretion has fallen to negligible levels.

2) This analysis measures total radioactive alkaline earth
and lanthanide radioisotopes.

3) It is assumed that tritium is in the oxide form.

4) Iodine analyses include 1-125 and all the iodine radionuclides
in fission products. A direct measurement of activity in the
thyroid is usually the criterion for removal of an individual
from work involving radioactive materials when exposure to
radioiodine has occurred. Bioassay tests for iodine are used

(1) Joined Branch 1980 May 26

(2) Working with G.H. Kramer, reported 1980 April 21

(3) Working with J.R. Johnson, reported 1980 May 02
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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) cx-emitting actinide analyses include plutonium, thorium,
americium, curium, as well as actinium.

7) Miscellaneous analyses included llfC, 3 5S, 36C1 and 63Ni.

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

6.3 IN VIVO MONITORING

The new large phoswich detector has been tested and electronics
optimized for the detection of natural uranium and thorium.
Calibrations for these elements, in various degrees of disequilibrium
with their daughters, has begun.

6.4 RADIOCHEMICAL ANALYSIS

6.A.I Actinide Separation

Neptunium is being studied with a view to include it in the
existing separation and estimation of Pu, Am, and Th (report
AECL-6879). It has been found that the adjustment of the valence
state of Np is critical to its adsorption on an ion exchange
column. At present difficulty is being encountered in maintaining
Np in valence state (iv) in methanolic nitrate solution.

6.4.2 35S and 32P

A simple method for the estimation of 35S in urine has been
tested. The method assumes_that the majority of the excreted 35S
is in an inorganic form (SOit). If organic sulphur is excreted some
of it will be partially converted to sulphate, but a significant
proportion will be lost in the ashing procedure; however this is
not considered important because contamination of personnel is
likely to be by inorganic forms of 3 5S. The amount of 35S
metabolised to any sulphur containing organic compounds would not
significantly influence the bioassay result.



Table 6.2.2.1

Bioassay Analyses

PERSONNEL OF CHALK RIVER NUCLEAR LABORATORIES

1980

8-emitters (2)

Tritium (3)

Iodine (4)

Y-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

MARCH

TOTAL

159
142

368
203

37
18

145
134

16
12

8
6

1
1

734
0

Positive (1)

Number

o
o
 

o
o
 

o
o
 

o
o
 
o
 o
o
 

o
o

0
0

%

o
o
 

o
o
 

o
o
 

o
o
 
o
 o
o
 

o
o

0

APRIL

TOTAL

230
175

478
261

42
26

238
167

9
7

15
10

0
0

1012
8

Positive (1)

Number

0
0

0
0

0

0
0

0
0

0
0

0
0

%

0
0

0
0

0

0
0

0
0

0
0

0

MAY

TOTAL

212
176

428
269

33
28

198
164

11
11

6
6

0
0

888
3

Positive (1)

Number

0
0

0
0

0

0
0

0
0

0
0

0
0

%

0
0

0
0

0

0
0

0
0

0
0

0

TOTALS

TOTAL

601
493

1274
733

112
72

581
465

36
30

29
22

1
1

2634
11

Positive (1)

Number

o
o
 

o
o
 

o
o
 

o
o
 
o
 o
o
 

o
o

0
0

%

o
o

 
o

o
 

o
 

o
o

 
o

o
 

o
o

 
o

o

0

For explanation of notes see p. 74-75.



Table 6.2.2.2

Bioassay Analyses

PERSONNEL OF COMMERCIAL PRODUCTS

1980

6-emitters (2)

Tritium (3)

Iodine (4)

y-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

MARCH

TOTAL

10
10

2
2

41
22

9
9

0
0

0
0

8
5

70
8

Positive

Number

0
0

0
0

0

0
0

-

-

0
0

(1)

%

0
0

0
0

0

0
0

-

-

0
0

APRIL

TOTAL

4
4

0
0

23
16

20
19

0
0

0
0

3
3

50
4

Positive

Sumber

0
0

-

0

0
0

-

-

0
0

(1)

z
0
0

-

0

0
0

-

-

0
0

MAY

TOTAL

2
2

0
0

13
10

11
10

0
0

0
0

4
2

30
0

Positive

Number

0
0

-

0

0
0

-

-

0
0

(1)

%

0
0

-

0

0
0

-

-

0
0

TOTALS

TOTAL

16
16

2
2

77
48

40
38

0
0

0
0

15
10

150
12

Positive

Number

0
0

0
0

0

0
0

-

-

0
0

(1)

%

0
0

0
0

0

0
0

-

-

0
0

For explanation of notes see p. 74-75.



Table 6.2.2.3

Bioassay Analyses

PERSONNEL OF OTHER ORGANIZATIONS

1980

B-emitters (2)

Tritium (3)

Iodine (4)

Y-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

MARCH

TOTAL

0
0

0
0

0
0

20
20

0
0

0
0

8
5

28
3

Positive

Number

-

-

-

0
0

-

_

0
0

0
0

(1)

%

_

-

-

0
0

-

-

0.
0

0

APRIL

TOTAL

0
0

0
0

0
0

0
0

0
0

0
0

3
2

3
1

Positive

Number

:

-

-

_

-

-

0
0

0
0

(1)

%

-

-

-

-

-

0
0

0

MAY

TOTAL

NO

I

Positive

Number

SAMPLES

DECEIVED

IN MAY

(1)

%

•

TOTALS

TOTAL

0
0

0
0

0
0

20
20

0
0

0
0

11
7

31
4

Positive

Number

-

-

-

0
0

-

-

0
0

0
0

(1)

%

-

-

-

0
0

-

-

0
0

0

CO

For explanation of notes see p. 74-75.



T a b l e 6 . 2 . 2 . A

ENVIRONMENTAL AND PROCESS SAMPLE ANALYSES

1980

AECL

Tritium
a-emitting actinides
g-emitters
y-emitters

OTHER ORGANIZATIONS

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

TOTALS

MARCH

499
0
0
0

NO

499

APRIL

507

a
0
0

SAMPLES RI

OTHER ORGi

507

MAY

510
0
0
0

ZCEIVED FRC

^NIZATIONS

510

TOTALS

1516
0
0
0

)M

1516



Table 6.2.2.5

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1980 April 01 - June 30

BRANCH

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

TOTALS

% of Persons

0-49
mrem

59
38
36
25
41
31
2
0
9
10
3

254

70.4

50-99
mrem

10
42
4
4
11
3
0
0
0
0
1

75

20.8

100-199
mrem

2
14
0
12
1
0
0
0
0
0
0

29

8.0

NUMBER

200-299
mrem

0
1
0
0
1
0
0
0
0
0
0

2

0.6

IF TESTF"

300-399
mrem

0
0
0
1
0
0
0
0
0
0
0

1

0.3

PERSONS IN

400-499
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

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
0
0
0
0
0
0
0

0

0.0

3-5
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Above
5 rem

0
0
0
0
0
0
0
0
0
0
0

o •

0.0

Tested
Persons

71
95
40
42
54
34
2
0
9
10
4

361

Total
mrem

1735
6141
671

2821
1837
752
3
0
16
51
95

14122

100

oo
o

MOTES TO TABLE ABOVE

(J) VoiZi aJiz ZitLmatzd &>iom &uXLum conczntAatLoni Ln uJiLnz oh LndX.vLdu.aJUi who Ivive. AubmLttzd onz OK mo>it iamptti,
and io nzpiziznt tzitzd pzuonnzl only.

(2) Thz mzthod o& doi>z z&tmatlon Li dzicnlbzd Ln AECL-5507.

13] Thz numbzAA Ln thz LaAt column axe. thoit that actually iziuLt lnom thz mzthod o(, doiz c •.tculaZi.oni,, and an.z not
Lntzndzd to H.zpn.tiznt a mmbzn. oft ALgnLfaLcant jj-t



Table 6.3.1

IN VIVO MONITORING

1980 March - May

NRX
NRU
Chemical Operations
E.I.& P.
R.I.& S.
Fuels and Materials
Reactor Loops
NPD
Nuclear Materials Control
Reactor Technology
W.E.& P.
E.I.& C.
Advanced Engineering
Special Projects
Research
Administration
Mechanical Services
Outside Organizations
Retirements & Terminations

Whole Body Monitoring

Number*

3
24
2
4
70
44
22
2
17
7
1
2
1
46
11
66
8
2
34

No. Positive

1

4

4

1

1

1

Lung Monitoring

Number*

4
17

4

No. Positive

1

Other Monitoring

Number*
3)

No. Positive

Clothing Monitoring

Number*

3
6

56
4
17
2
12
5

3
2 '
9
3

No. Positive

2
3

18

7

1

MOTES:

* Numfae/i - NumboA ofi pzoplz monitotizd In pwiod
1) Ghzatui than lO^ftStf o£ -L&otopzi zmiXJXng gamma iayi abovz 100 feel/.
2] Any mnaiuAablz amount oft alpha zmvtting -L&otopu.
3) Any n.uu£ti> that -Lndlcatz a minon. OK gfizateA conZanti.natJ.on [Z.z. >

i

CO

10 nCit o£ 1 2 5 I , eXc).

t I 37 GBq
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The ashed urine is treated with an excess of barium chloride
solution to precipitate BaSOi* which is subsequently suspended in
a gel and counted by liquid scintillation. BaSOi* will also
coprecipitate actinides, radium, phosphorous (as phosphate), other
radionuclides and most interestingly potassium, all of which must
be removed prior to counting. (Potassium is a normal constituent
in urine and it will, by the naturally occurring 1*°K, lead to
erroneous results when counting low levels of S). This
interference is overcome by removing all cations on a cation
exchange column in the H form. Other methods of reducing
potassium contamination which were tried and discarded as
inefficient included sample dilution, adjustment of pH and
precipitation at different temperatures.

The contamination by phosphorous was found to be less serious
(in terms of mass) but the higher activity necessitated a better
separation of the two radionuclides. A simple method has now been
found and is in the final stages of testing.

The sample is passed through a cation exchange column after
ashing to remove the interfering cations. If phosphorous is
suspected to be present it is removed by Bismuth phosphate
precipitation. (less than 5% of the 35S is lost at this step)
The 35S is subsequently collected as barium sulphate and counted
as mentioned earlier. Total recoveries are approximately 50%.
The loss apparently occurs during the ashing step. This problem
is being investigated further. The estimation of 32P in the
presence of 35S is done by reversing the order of the precipitations.

90Sr 906.4.3 90Sr, 90Y,

The method for sequentially separating and estimating the
beta emitting radionuclides of strontium, yttrium, promethium and
cerium by solvent extraction using HDEHP (di-2-ethyl-hexyl phosphoric
acid) in n-heptane has been successfully completed for aqueous
solutions. Cross contaminations of radionuclides are less than 5%,
with yields above 70%.

The same method applied to urine samples has not worked
satisfactorily and several changes have been made. Initially the
radionuclides are separated from interfering ions (in particular
phosphate) by a calcium oxalate coprecipitation. The pH of this
precipitation has been found to influence the recoveries and this
is still being investigated. The oxalate is subsequently destroyed
by a nitric/perchloric acid digestion. Yttrium, promethium and
cerium (after valence state adjustment) are extracted into 1.5 M
HDEHP and the strontium reprecipitated with calcium oxalate for
counting. By varying pH, organic layer concentrations, stripping
agents and valance states the three elements can be separated.
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The valence state of cerium must be adjusted for the final
extraction, and it was decided to use ammonium bromate for this
purpose as it leaves no residue upon ashing. Ammonium bromate
is not available commercially (it is potentially explosive)
and had to be synthesized.

6.5 METABOLIC MODELS AND INTERNAL DOSIMKTKY

6.5.1 NEA Working Group on Radon Daughter Dosimetry

The first meeting of this group was held in Paris, 1980
April 16-18. The objective was to initiate work on the dosimetric
aspects of radiological protection associated with exposure to
radon, thorium and their daughters, according to a set of terms
of reference established by the NEA Committee on Radiation
Protection and Public Health. The work at CRNL for this working
group will he to review the features and adequacy of the Working
Level concept as a physical correlative of the dose, to indicate
its limits of accuracy based on the results of the comparative
model review being carried out by Dr. Jacobi (GDR) and Dr. Jones
(UK), and to identify its limits of applicability.

6.5.2 WHO Working Group on Health Implications of High Level
Waste Disposal

This working group met at Bruge, Belgium, 1980 June 02-06.
The purpose of the meeting was to review waste disposal
technologies, and environmental transport, with reference to the
health impact of various Waste disposal options. The working
group was divided into three subgroups, which were Technologies,
Environmental, and Health.

J.R. Johnson was appointed rapporteur of the subgroup on
Health Effects. Discussions in this subgroup centered around
the criteria that should be used for assessing whether a particular
waste disposal option was acceptable, from a health viewpoint. The
recommendations of the subgroup were that a probablistic approach
to acceptability, not unlike that used for reactor design and siting,
should be used. A report of the working group is expected by
early 1981.

6.5.3 Radiopharmaceutical Dosimetry

Discussions have taken place between CRNL, HWC, and three
Canadian Nuclear Medicine centers (London, Winnipeg and Edmonton)
about the possibility of obtaining funding for a large study of
dose from diagnostic nuclear medicine. As the study is currently
envisioned, the data would be obtained in the nuclear medicine
centers, and analysed at CRNL by a Post Doctorate Fellow attached
to the Biomedical Research Branch. As well as obtaining Values for



individual and population doses from nuclear medicine procedures,
which are only poorly known, we expect to obtain some knowledge
of the long-term fate of some of these radionuclides in the
human body.

6.5.4 Committed Effective Dose Conversion Factors

Dose conversion factors for infants and adults for several
more radionuclides were calculated for the waste disposal program.
In addition, new factors were calculated for adults for the
alkaline earth elements using the new model developed using
FORSIM OPT and the data given in ICRP Publication 20.

6.6 PAPERS, REPORTS, PRESENTATIONS

6.6.1 Presented Papers

Johnson, JiR. - Annual Limits on Intake, Organ Burdens, and
Excretion Rates for Occupational Exposure to Uranium. Canadian
Radiation Protection Association, Annual General Meeting, Montreal,
Quebec, 1980 May 08-09.

6.6.2 Reports

Kramer, G.H. - "Sequential Analysis of Selected Actinides in
Urine, Part 1". Atomic Energy of Canada Limited, Report AECL-6879
(1980).
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MEDICAL BRANCH

by

D.W.S. Evans

7.1 STAFF

7.2 CLINIC PROCEDURES

7.2.1 Occupational Accident and Illness

7.2.2 Non-Occupational Accident and Illness

7.3 CLINIC VISITS BY WORK CATEGORIES

7.4 BREAKDOWN BY INTERNATIONAL CODE

7.5 MEDICAL EXAMINATIONS

7.6 NON-OCCUPATIONAL ABSENTEEISM

7.7 LABORATORY PROCEDURES

7.7.1 X-Ray Department

7.7.2 Haematology

7.7.3 Urine

7.8 TOTAL HOSPITAL PROCEDURES
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7.1 STAFF

Branch Head

Secretary

Professional

Nurses

Medical Technicians

Lab Attendant

D.W.S. Evajis

V.A. Schizkoske

W.J.D. Cooke

A. Kinloch
J. Williams

M. Plattner
J. Shaw

L. Gutzeit

7.2 CLINIC PROCEDURES

7.2.1 Occupational Accident and Illness

AECL
Male

Female

Others
Male

Female

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

March

36
30
66

—

—
—

__

April

32
25
57

III

—
—

1

May

28

56

1

q=

1
—

"T

7.2.2 Non-Occupational Accident and Illness

AECL
Male

Female

Others
Male

Female

New Visits
Revisits

New Visits
Revisits

New Visits
Revisits

New Visits
Revisits

300
212
512

32
27
59

6
6
12

2
—
2

272
238
510

27
22
49

3
—
~3

2
3
5

314
217
531

50
44
94

4

5

2
_1
3

Grand
Total Total

179

182

1553

202

20

10
1785

1967
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7.3 CLINIC VISITS BY WORK CATEGORIES

AECL
Chalk River Env. Auth.

Tech. Info. & Univ. Rel.
Administration

Finance
Commercial Operations

Operations
General Services
Maintenance & Construction
Plant Design

March
Staff P.R.

—

43 17

27 2

86 284

April
Staff P.R.

—

32 11

19 9

106 277

May
Staff

1

48

26

105

P.R.

—

12

5

276

Total

1

163

88

1134

Health Sciences

Chemistry & Materials

Physics

Applied Research & Dev't.

Others

30 —

22

26

100
334 303

28

16

28

90
319 297

40 —

23 —

38

116
397 293

98

61

92

306
1943

Crawley & McCracken,
Attached Staff, etc.

14 32
1975

7.4 BREAKDOWN BY INTERNATIONAL CODE

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

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

March

1
112

2
120

11

May_

1
5

151

11

Grand
Total

1
8

383

34
45
118
9
30

32
57
106
3

20

47
53
106
4
29

113
155
330
16
79

27

42
34

113
10
47
17
49
3

47
25

89
8

41
22
50
5

67
18

86
8

43
28
45
7

156
77

288
26

131
67
144
15

2016
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7.4 BREAKDOWN BY INTERNATIONAL CODE (continued)

7.5

7.6

Burns
Effects of poisons, weather and r
All other accidents and violence
Radioactive contamination with a wound
Radioactive contamination without a wound

MEDICAL EXAMINATIONS

AECL
Male

Female

Others
Male

Female

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

March Aj

Total

ed conditions

j

a
ound

March

12
4
16

4

1

—H
i

April

12
11
23

15
3
18

2

~3

1

"T

>ril May

brought forward

1
2
6

1

May

72
23
95

32
9
41

11
4
15

3

~3

1 4
1 1
2 6

Total

134

63

19

4

Grand
Total

2016

6
4
14

1
2041

Grand
Total

NON-OCCUPATIONAL ABSENTEEISM

March
Male Female

Chalk River Environmental Auth. —

April
Male Female

1%

May
Male Female

1%
Tech. Info. & Univ. Rel.
Administration

Finance
Commercial Operations

Operations
General Services
Maint. & Const.
Plant Design

Health Sciences

Chemistry & Materials

Physics

App. Res. & Dev't.

220

Total

- - 1 2 2 6 1 6h 27%

25% 30 26 44 23% 32 181

197% 115% 260% 48 209 62% 893

38

57%

65

196%

16

12

15

26%

30

64

52%

172

21%

3%

26

36

28%

47

49%

186%

17

10

9

22%

151

194

217

640
580 227 608% 185% 546% 159% 2307
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7.7 LABORATORY PROCEDURES

7.7.1 X-Ray Department

AECL
Male

Female -

Others
Male

Female

7.7.2 Haematology

AECL
Male

Female

Others
Male

Female -

7.7.3 Urine

AECL
Male

Female

Others
Male

Female

Routine
Special

Routine
Special

Routine
Special

Routine
Special

Routine
Special

Routine
Special

Routine
Special

Routine
Special

Rout ine
Special

Routine
Special

Routine
Special

Routine
Special

March

18
33
51

3
3

—

—
1
1

April

21
33
54

2
—
~2

1
1
2

—
—

May

26
26
52

6
6

4
—

2
—

Total

157

11

6

3

Grand
Total

177

156
164
320

8
9
17

134
144
278

22
25
47

118
126
244

58
60
118

150
5

155

8
—
~8

128
11
139

21
__
"21

111
4

115

42
1
43

842

182

409

72

1024

481
1682
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7.8 TOTAL HOSPITAL PROCEDURES

March April May

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

2106 2004 2355

1227
555
21
8

100
133
62

1213
543
45
9
60
122
12

1429
648
154
5
78
9
32


