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REVISED DIVISIONAL STRUCTURE

At the beginning of September 1979, the Biology and Health

Physics Division and the Medical Division were amalgamated to form the

Health Sciences Division. At the same time the names of three of the

component branches were changed as follows:

Previous Branch Name New Branch Name

Biology Radiation Biology

Medical Research Biomédical Research

Plant Hospital Medical

This report forms the start of a new series of quarterly progress

reports denoted by the letters PR-HS-. Its major part continues the

record contained in the PR-B- series of reports, which is now

discontinued. Previous reports of the PR-B- series were:

AECL-6586 1979 April 01 to June 30 PR-B-122

AECL-6529 1979 January 01 to March 31 PR-B-121

AECL-6453 1978 October 01 to December 31 PR-B-120

AECL-6367 1978 July 01 to September 30 PR-B-119
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HEALTH SCIENCES DIVISION SUMMARY

A.M. Marko

Health Physics

Fast neutrons account for most of the neutron dose in criticality
accidents but thermal and epithermal neutrons may contribute significant doses
and in addition may have an appreciable effect upon various detectors used in
criticality dosimetry. Calculations have therefore been carried out on the
ratio of epithermal to thermal neutrons from neutrons produced in spheres of
water containing various "1/v" absorbers. The results are applicable to shield-
ing materials such as concrete in which hydrogen provides most of the thermal-
ization. Differences in thermal neutron absorption in various types of concrete
have been determined.

Beta dose distributions for kO nuclides in air and water as a function
of distance from point and plane sources were calculated in 1967. The program
for this calculation has been rewritten to suit present-day computing facilities
and distributions for additional nuclides as well as recalculations of the
original data are being carried out.

Commissioning of a new TLD reader for semi-automatic handling of
individual TLD chips has been carried out. The effects of sensitization of LiF
(TLD-100) upon the response to high-LET radiation has been further examined
with the measurement of the response to thermal and fast neutrons. The measure-
ments confirm the effect first noticed with low energy photons that the
sensitized TLD-100 is substantially less sensitive to high-LET radiation.

The use of optical photo-diodes as high range radiation detectors
for spent fuel monitoring has been examined. They show a performance similar to
that found previously with silicon rectifiers but are an improved means for the
task because of better control in manufacture of relevant parameters.

Studies continue on the use of water-permeable plastic membranes in
tritium monitoring, particularly for those situations where it is important to
distinguish between 3H in elemental form or combined as water. The same
technique may also provide a very sensitive means of detecting small concentrations
of HTO in air on a continuous basis using a liquid scintillator detector. The
advantage of this technique lies in the small consumption rate of expensive
scintillator required.

A comparison is being carried out between two methods of detection
of noble gas release from the Mo production plant. One technique uses flow-
through ionization chambers and the other a three-channel pulse height analyzer.
Good agreement between the two methods is being found.

TLD - Thermoluminescence Dosimetry

LET - Linear Energy Transfer
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Environmental Research

A recently initiated field experiment on groundwater contaminant
flux to surface waters is designed to overcome previously identified problems
on injection and tracing of chemical mixtures in the beds of lakes and streams.
Three injection sites have been prepared in the Perch Lake bottom sediments.
This preliminary experiment will form the basis for several larger-scale injections
in the spring of 1980.

Initial work has begun on obtaining and evaluating computer-based,
groundwater dispersion models. Contacts have been initiated with several outside
laboratories in order to co-ordinate our effort with theirs. An Environment
Canada model (J.F. Pickens) has been obtained and is now running on the CDC
computer.

An investigation of errors in the llfC technique when it is used to
measure primary productivity in dense algal cultures has indicated that light
intensity is a limiting factor in the test. Such false results only occur in
laboratory or enriched field cultures where cell concentrations may reach
107 cells/mL. Natural phytoplankton densities in Maskinonge Lake are only
50 to 100 cells/mL.

The first of a series of radionuclide injection experiments was made
in the sand aquifer near Perch Lake. These experiments are to develop methods
for studying radionuclide transport in fractured rock and are being carried out
in conjunction with personnel of the National Hydrology Research Institute of
Environment Canada. Water containing 1 3 1I (non-reactive) and 8 5Sr (reactive)
were injected into the aquifer over a five-day period. The injection well was
then pumped for a number of days and the recovery curves observed. The results
are being analyzed. 4

Investigations of soil and groundwater in the vicinity of Waste
Management Areas "C" and "F" have been continued. The general extent of the
underground contaminant plume between "C" Area and the swamp to the south
(which receives ground water discharge) has been defined, although further
drilling is required to determine the detailed configuration and inventory of
contaminants. To date, tritium is the only radionuclide found in significant
quantities.

Radiation Biology

Most of the 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
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nature of the DNA damage and the response of cells as they attempt to repair
this injury.

Two projects have dealt- wit-h the detection of damage to DNA by bio-
chemical means. In one procedure (alkaline elution), ionizing radiation-induced
breaks in DNA can be determined with great sensitivity. At sublethal doses
(300 rad) (3 Gy), normal human cells and cells from an individual with a genetic
disease (ataxia telangiectasia) breaks were repaired at similar rates. In
another approach still under development, it appears possible that damage in
DNA may be detected by specific P-32 labeling, which should help in assessing
damage to DNA from human cells.

Another approach to the detection of the effects of radiation is the
observation of genetic changes. In yeast cells, radiation can cause a mutation
which can be observed as a change in the colour of a colony of cells; both
ultraviolet and ionizing radiations can cause this type of change. Another
genetic endpoint is called "gene conversion"; this was used to study the effects
of irradiation by tritium in the form of tritiated water. It was observed
that the induction of gene conversion is linear with dose and that 3H is
similar in effect to 150 kVp X-rays. The same genetic endpoint has also been
used to study potentially mutagenic and carcinogenic chemicals.

Certain rare hereditary human diseases present clinical and/or
laboratory features which suggest possible defects in the DNA repair mechanisms
normally present. Cultured cells from affected individuals may demonstrate
abnormalities as well. Fibroblast cells from several different individuals
suffering from Fanconi anaemia (FA) have been studied in detail. Only one
in six cases showed sensitivity to y-'\ rradiation. In that case, the critical
damage appeared to predominate under hypoxia conditions and not to give rise
to extensive repair synthesis. In another case, sensitivity to ultraviolet
light (both at 313 nm and 254 nm) was detected. In no case was both ultraviolet
and y-ray sensitivity present. Another rare hereditary human disease associated
with radiosensitivity is ataxia telangiectasia (AT). In order to determine
more precisely the nature of the genetic defect, cell-free protein extracts
of cultured cells from patients with this disease were incubated with purified,
radiation-damaged DNA to see if the damage could be recognized. Extracts
from AT cells and normal cells were indistinguishable, suggesting that other
assay systems must be developed.

Other projects include further studies of a DNA binding factor
released from bacterial cell walls by irradiation and^ factors which influence
the ratio of two kinds of pyrimidine dimers (CT and TT) formed in DNA following
ultraviolet irradiation.

Biomédical Research

Work on various metabolic models that describe the retention and
distribution of radionuclides in humans has continued. Tritium as HT, carbon
as CO2, and compounds of the alkaline earth and actinide elements getting the
most attention.
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Committed effective dose equivalent conversion factors for infants
and adults have been calculated for some 380 classes of compounds of radio-
nuclides and intake routes, for 65 elements. These conversion factors will
be used in AECL site Derived Release Limit documents, in the CSA standard on
routine releases to the environment, and in the AECL Waste Management Study
report.

Several inter-laboratory comparisons, organized by the Radiological
Protection Bureau both for bioassay and in-vivo monitoring, were done. In a
test between 5 laboratories CRNL scored first, based on deviation from standards,
in measuring the mass concentration (at parts per billion levels) of uranium
in urine. In-vivo monitoring inter-laboratory comparisons poined to the need
for a more realistic phantom for low energy photon emitters.

Work continued on the development of a procedure that is specific for
the actinides Pu, Th, Cm, Am. This work is at the stage where the procedures
for Pu and Am can be turned over to the bioassay laboratory for use in routine
analyses.
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2.1 STAFF

Branch Head

Secretary

W.G. Cross
H. Ing (1)

A.R. Jones
C. Wernli (2)

R.V. Osborne

R.M. Holford

Personnel Monitoring

Draftsmen

Assistants:

Assistants:

Assistants :

Assistant:

G. Cowper

N.L. Hayward

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

A.H. Ohno
W.F. Richter

A.S. Coveart
N.W. Tepley

L.W. Shankland

R.M. Rondeau
J.M. Vincent

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

National Summer Students

Peter Celliers, working with R.V. Osborne, reported 7 May 1979,
terminated August 31, 1979.

Dean Dohring, working with A.R. Jones, reported 8 May 1979,
terminated August 30, 1979.

Hugo Beltrami, working with A.R. Jones, reported 8 May 1979,
terminated August 31, 1979.

Local Summer Student
Christine Filbert, working with R.M. Rondeau, reported 7 May 1979,
terminated August 24, 1979.

Waterloo Student
David K. Friend, working with A.R. Jones, reported 4 September 1979,

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

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

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

2.2.1 Bâti0.3 of Thermal to Epithermal Fluences for Neutrons
Transmitted through Various Materials
W.G. Cross and H. Ing

Attempts to understand variations in the ratio of
thermal to epithermal fluences for neutrons that have
passed through various materials were described in
PR-B-121. Our objective is to be able to predict this
ratio, particularly in typical circumstances of an
accidental criticality. Combining this ratio with
previous calculations of spectra above 1 eV would give
an estimate of the total neutron spectrum.

A discrete ordinates transport calculation, using
the ANISN code, was used to study variations of the
thermal/epithermal ratio for neutrons both inside and
escaping from water spheres containing various amounts
of a '1/v" absorber. This model simulates not only
solutions of fissile material but also concrete or
other structural materials in which hydrogen provides
most of the thermalization. The code was altered to
permit changes in absorption cross sections to be made
easily.

The absorption and thermalization properties of a
medium are determined by the total absorption cross
section per proton present (barns/proton). Over a range
of "absorption" from 0.29 (pure water) to 6 barns/proton,
the calculated thermal/epithermal ratio varied as
(barns/proton)~»•a. For 6 barns/proton the calculated
ratio was about 30% smaller than that derived from the
measured cadmium ratio for neutrons transmitted through
boric acid solution. The discrepancy may arise from
use of a single thermal neutron group in the calculation.

The differences in thermal neutron absorption
properties of various types of "ordinary" concrete have
been studied. For concretes based on igneous rocks, a
substantial part (̂ -40%) of the absorption can be by
trace elements - B, Gd and Sm. For limestone-based
aggregates, the (macroscopic) absorption cross section
is less than half as large and is contributed mainly by
Ca and H. The thermal/epithermal ratio for neutrons
passing through these two types of concrete can differ
by almost a factor of 2.
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2.3 CALCULATION OF BETA DOSE DISTRIBUTIONS
W.G. Cross

In 1967, tables were published of calculated
distributions of beta doses(1) in water and air,
as a function of distance from point and plane sources
of 40 beta-emitting nuclides. Because extensive use
has been made of these tables, we have decided to
extend them to additional nuclides, particularly those
that have assumed importance since 1967 in radiation
protection or in nuclear medicine. New calculations
will also permit the use of recent, more accurate
beta spectral data.

The programme used for the previous calculations
was written in APEX, a language incomprehensible to modern
computers. The programme has therefore been rewritten
in Fortran, and some minor improvements have been made.
To test the new programme, all the 1967 dose distributions
in water were recalculated. With two exceptions
flC1", Rb81f), where there were differences of a few
percent, the new results are in good agreement with
the old.

2.4 THERMOLUMINESCENCE DOSIMETRY
A.R. Jones

(i) A commercial TLD reader (Harshaw "Atlas") using hot
nitrogen to heat the TLDs has been tested and found
deficient in two respects. The hot nitrogen jets were
too small to reliably and uniformly heat the TLDs. The
thermal conductivity of the aluminum disc, into which
the TLDs are lowered after heating, was high enough to
crack the TLDs by thermal shock. The manufacturer has
supplied replacement parts and testing continues.
Tests were made, with the unmodified reader, on its
linearity and reproducibility using sensitized lithium
fluoride TLDs. Linearity was detectable up to
1000 R. The reproducibility at two different exposure
levels was measured both with and without individual
calibration of individual TLDs.

^ W.G. Cross, Tables of Beta Dose Distributions
AECL-2793 (1967).



- 8 -

Exposure level Standard Deviation (%) of a Sample of Readings
(mR) (With Calibration) (Without Calibration)
10 4.6 5.6

1000 1.8 3.4

The microprocessor program to control the reader
and output its data has been rewritten and stored on
a programmable read-only memory. This has reduced the
number of components needed and allows them to be
mounted within the reader itself. A further advantage
is that the program is retained when power is removed.

(ii) Alarm circuits which indicate when the nitrogen
flow in the automatic TLD readers is outside pre-set
limits have been designed and installed.

(iii) Measurements made earlier have demonstrated that
sensitized lithium fluoride TLDs show less energy
dependence than unsensit.ized ones. To explain this it
has been suggested that the sensitized TLDs are relatively
less sensitive to low energy x-r£ys which give rise to
higher LET electrons. If this is true, then sensitized
and unsensitized TLDs should also respond differently
to fast and thermal neutrons because they too give rise
to high LET particles. The following results show that
the relative response of TLD-100 (read in the automatic
TLD reader) to neutrons and y~rays is improved by
sensitization.

Relative Response
(1

Thermal Neutrons
Fast Neutrons

rad neutrons/ 1 rad

Sensitized TLD-100

8.5
0.083

Y-rays)

Unsensitized TLD-100

68
0.19

(iv) The hot nitrogen reader processes TLD chips more
quickly and is capable of greater accuracy than the
manual reader used to process LiF-teflon disc TLDs used
for extremity dose monitoring. Therefore, the practicality
of using TLD chips for this procedure was examined.
Ten TLD chips were field tested and it was found that half
were broken in normal use. The use of TLD chips in finger
ring holders will be tested.
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(v) The thin (0.25 mm) TLD chip mounted in the
personnel dosimeter and used to estimate the skin
dose from beta and gamma radiation is calibrated
with a Co-60 gamma radiation source while mounted
in a modified holder which provides electronic
equilibrium. The error in dose estimates introduced
by this procedure when exposure only to beta radiation
occurs has been measured. One set of dosimeters was
exposed to gamma radiation and another to beta
radiation from a sheet of natural uranium. The
response to beta radiation was found to be 89% of
that to gamma radiation.

(vi) The personnel dosimeter holder contains a cavity
in which an extra TLD chip can be placed. One possible
use of this extra chip would be to measure the total
dose received over several monitoring periods and
compare it with the sum of the two-weekly monitoring
period results. Tests have been carried out over a
12-week period for a selected group of workers and it
was found that the single chip dose was less than the
sum of the separate doses by 35%. Further tests will
be made to determine the cause of the discrepancy.

2.5 TRITIUM MONITORING
R.V. Osborne

2.5.1 Applications of Plastic Membranes to Tritium
Monitoring

Measurements with Nafion tubes have explored the
possibility of using the high permeation rate property
(see PR-B-121) of this material to facilitate the
collection in liquid scintillator of tritiated water
vapour (HTO) from air.

The most effective method of transferring a component
from one fluid stream by permeation through a given area
of tube wall to another fluid stream is by arranging
the flows to be countercurrent. With such an arrangement
the ratio of concentrations of HTO in the two streams are
determined by the flow rates of the two fluids and the
diffusional properties of the membrane. Theoretically,
complete transfer of HTO through the tube wall is
possible, the concentration ratio then being determined
solely by the ratio of flow rates. Under such conditions
or when at least a large fraction of the HTO is transferred,
the concentration ratio is insensitive to the
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permeation-properties of the tubing. Such an
independence is desirable in a field instrument
where some deterioration of the tubing material
might be expected and the temperature and humidity
may vary.

For transferring HTO from air to liquid scintillator
the more convenient arrangement is to have the scintillator
flowing through the inside of the tubing and air outside.
Low flow rates of scintillator, which are desirable for
economic reasons, may then be used with reasonable
transit times. With the tubing used; 0.65 mm internal
diameter, 0.13 mm wall and 35 cm length, flow rates of
the order of 0.1 cm3/min could conveniently be used.

It was known from previous measurements with gaseous
streams (see PR-B-119) that permeation rates through Nafion
increase with increasing relative humidity. The recent
measurements confirm that with a liquid-phase stream there
is a similar dependence; loading the scintillator with
water increases the permeation rate approximately in
proportion to the percentage loading. The particular
scintillator used is relatively unimportant except
insofar as it determines the maximum water loading. With
18% water in a toluençe-based scintillator at a flow of
0.1 cm3/min the permeation rate is sufficient for all the
HTO to be collected from air flowing at rates up to
120 cm3/min.

The lowest concentration of HTO in air that
could be measured in a device with these flow rates
and tubing sizes would be about 400 Bq/m3. Scintillator
usage would be 1 litre per week. Applied to the evaporation
method for water monitoring discussed earlier (PR-B-116)
the techniques would permit measurement down to 40 kBq/L
of water.

2.5.2 Monitor for Tritiated Hydrogen
R.V. Osborne

A requirement has arisen in studies of the DT/DTO
catalytic exchange process by Chemical Engineering
Branch for devices to measure high (o, 10 GBq/m')
concentrations of tritiated hydrogen and deuterium
in experimental equipment. We have therefore adapted
the technology being developed for the portable monitor
AEP-5321 (see PR-B-122) to this particular problem.
The devices have been constructed and are now being
installed.
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2.6 SAFEGUARDS
A.R. Jones

Tests have been carried out on silicon photo-diodes
to determine thfiir suitability for use as radiation
detectors in the fuel bundle verifiers for the 600 MW
power reactors. Previously in the Pickering GS verifier
silicon rectifiers were used but they required selection
to meet the necessary performance specifications for
gamma sensitivity and leakage in this application. These
particular parameters are not well controlled in the
manufacture of rectifiers and are subject to chance.
On the other hand photo-diodes have a defined surface
area and are designed for driving virtual ground amplifiers.
The photo-diodes tested have a gamma sensitivity about
equal to the nominal sensitivity of the rectifiers and
the leakage resistance is about 100 times less.

Radiation damage measurements up to 8 x 106 R show
a decrease in sensitivity with increasing exposure but
the decrease declines with increasing exposure. Thus,
pre-exposing the detectors to y-rays makes them less
sensitive to radiation. Again, as with rectifiers, the
lowered sensitivity is accompanied by an increase in
forward voltage at a fixed current which provides a
basis for an electrical measurement of radiation damage.

The sensitivity has been found to be independent of
exposure rate at least up to 12,000 R/h.

An amplifier and test circuits have been designed
for use with the detector.

2.7 RADIATION INSTRUMENT DEVELOPMENT
A.R. Jones

2.7.1 Digital Warning Dosimeter with a Display

A circuit has been designed and a laboratory prototype
built for test and evaluation.

2.7.2 Multichannel Area Monitor for X-rays

Construction of the monitor is in progress.
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2.8 MEASUREMENT OF RADIO-XENON LEVELS IN EXHAUST AIR
R.M. Holford

A preliminary version of the xenon monitor,
AEP-5320, has now been installed in the 99Mo
production facility where it is being used to measure
the amounts of radioactive noble gases released, chiefly
133Xe, 135Xe and 13sn>Xe. A three-channel pen recorder
is used to provide a continuous record of the radio-xenon
levels in the exhaust air, while a printing sealer,
AEP-5303, is used to provide a record of the integrated
release in Ci'MeV.

The xenon monitor is currently installed on the
same sampling point as the existing gaseous-effluent-
monitor, AEP-5293, to allow for a direct comparison
between the two instruments. (AEP-5320 is based on a
scintillation detector and single-channel pulse-height
analyzers, whereas AEP-5293 used an ionization chamber
to measure the total radioactivity in air.) So, far
there seems to be good agreement between the time-course
of releases of activity as recorded by AEP-5293 and by
the 133Xe channel of the AEP-5320 unit.

Work is continuing on the final version of the xenon
monitor in which the printing sealer will be replaced
by a micro-processor controlled unit providing an automatic
dated print-out of the release every 24 hours and a
record of any power interruptions to the detector.

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

2.9.1 Body Radiation Doses

In the fourteen-week period ending 1 September 1979
and in the calendar year to this date there are the
following distributions of radiation exposures.

There were five whole-body radiation exposures
exceeding the 600-mrem two-weekly administrative
control limit.
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CRNL- Whole Body Dose

DOSE RANGE

REMS

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.99
3.00 - 2.49
3.50 - 3.99
4.00 - 4.99

Average dose per
monitored person
Average dose per
exposed person

FOURTEEN WEEKS

NO. OF
MONITORED
PERSONS

49
2356
177
26
5 -
2

TOTAL
DOSS
MAN-REM

0
157.57
121.64
31.10
8.53
4.35

124 mrem

126 mrem

CALENDAR YEAR

NO. OP
MONITORED
PERSONS

44
2116
180
89
95
52
26
11
2 .
1

TOTAL
DOSE
MAN-REM

0
247.47
128.67
110.59
162.49
115.24
69.86
34.94
7.54
4.02

337 mrem

343 mrem

Radiochemical Company - Whole Body Dose

DOSE RANGE

REMS

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

Average dose per
monitored person
Average dose per
exposed person

FOURTEEN

NO. OF
MONITORED
PERSONS

56
186
6

WEEKS

TOTAL
DOSE
MAN-REM

0
14.54
3.64

73 mrem

95 mrem

CALENDAR YEAR

NO. OF
MONITORED
PERSONS

20
206
10
9
3

488

204

TOTAL
DOSE
MAN-REM

0
25.25
6.38
9.95
4.94

mrem

mrem



Engineering Company - Whole Body Dose

DOSE RANGE
REMS

no radiation
0 - 0.49

FOURTEEN WEEKS

NO. OP
MONITORED
PERSONS

288
27

Average dose per
monitored person
Average dose per
exposed person

TOTAL
DOSE
MAN-REM

0
2.028

6 mrem

75 mrem

CALENDAR YEAR

NO. OF
MONITORED
PERSONS

288
27

TOTAL
DOSE
MAN-REM

0
2.23

7 mrem

83 mrem

CRNL - Surface Dose

DOSE RANGE
REMS

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.99
3.00 - 3.49
3.50 - 3.99
4.00 - 4.49
4.50 - 4.99

Average dose per
monitored person
Average dose per
exposed person

FOURTEEN WEEKS

NO. OF
MONITORED
PERSONS

49
2332
i88
30
11 '
4
1

TOTAL
DOSE
MAN-REM

0
156.13
132.52
35.76
19.05
8.93
2.90

136 mrem

138 mrem

CALENDAR YEAR

NO. OF
MONITORED
PERSONS

49
2091
182
94
73
63
38
14
4
1
1

TOTAL
DOSE
MAN-REM

0
248.63
129.81
123.74
129.19
141.14
103.75
45.13
15.1 .
4.18
4.54

362 mrem

368 mrem
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Radiochemical Company - Surface Dose

DOSE RANGE
REMS

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

Average dose per
monitored person
Average dose per
exposed person

FOURTEEN WEEKS

NO. OF
MONITORED
PERSONS

56
183
8
1

TOTAL
DOSE
MAN-REM

0
17.10
5.82
1.37

98 mrem

1' mrem

1

CALENDAR YEAR

NO. OF
MONITORED
PERSONS

20
194
20
6
6
2

TOTAL
DOSE
MAN-REM

0
26.06
13.47
7.74

10.06
4.17

248 mrem

270 mrem

Engineering Company - Surface Dose

DOSE RANGE
REMS

no radiation
0 - 0.49
0.50 - 0.99

Average dose per
monitored person
Average dose per
exposed person

FOURTEEN WEEKS

NO. OF
MONITORED
PERSONS

287
26
2

TOTAL
DOSE
MAN-REM

0
2.21
1.02

10 tnrem

115 <mrem

CALENDAR YEAR

NO. OF
MONITORED
PERSONS

207
26
2

TOTAL
DOSE
MAN-REM

0
2.51
1.02

11 mrem

126 mrem



- 16 -

2.9.2 Hand Radiation Doses

In the fourteen-week period ending 1 September 1979
and in the calendar year to this date the following
distributions of extremity doses were measured by
finger-tip TLD's.

Dose Range
rent

less than 0.99
0 - .99
1.00 - 1.99
2.00 - 2.99
3.00 - 3.99
4.00 - 4.99
5.00 - 5.99
6.00 - 6.99
7.00 - 7.99
8.00 - 8.99
9.00 - 9.99
> = 10.0

Calendar
Year

0
146
38
13
13
6
2
4
1
0
0
8

CRNL
Fourteen

Weeks

0
83
17
2
1
1
2
0
0
0
0
1

Radiochemical
Company

Calendar

Year

0
14
3
3
1
1
1
i
0
0
0
0

Fourteen
Weeks

0
15
2
2
1
1
0
0
0
0
0
0

Engineering
Company

Calendar Fourteen
Year

0
2
0
0
0
0
0
0
0
0
0
0

Weeks

0
2
0
0
0
0
0
0
0
0
0
0
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2.10 PUBLICATIONS AND LECTURES

External Lectures

External Gamma Dosimetry in the Light of the ICRP26
by A.R. Jones and R. Marsolais (UBC). Paper presented
at the 25th Annual Meeting of the American Nuclear
Society June 6, 1979, Atlanta. Published in Summary
Form in the Transactions of the American Nuclear
Society, 32, p. 659, 1979.

W.G. Cross and H. Ing, "Relative Fluences of Thermal
and Epithermal Neutrons in a Criticality Accident",
Health Physics Society, 24th Annual Meeting,
Philadelphia, July 8-13, 1979.

H. Ing and W.G. Cross, "Moderation of Neutrons from a
238Pu-Li Source", Health Physics Society, 24th Annual
Meeting, Philadelphia, July 8-13, 1979.

Oral Presentation, R.V. Osborne and J.R. Johnson,
"Interpreting the Results from Bioassays for Tritium",
Health Physics Society, 24th Annual Meeting, Philadelphia,
July 8-13, 1979.

Internal Lectures

G. Cowper, "Measurement of Radiation" and "Non-ionizing
Radiation", Health Physics Course, CRNL, September
24 - 28, 1979.

R.M. Holford, "Radioactivity, Radiation Physics and
Units", Health Physics Course, CRNL, September
24 - 28, 1979.
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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
R.E. Légère
E. Robertson
D.P. Wildsmith

L.K. Hendrie1

A.G. Price1

Environmental Impact Assessment

P.J. Barry

V.K. Barwell

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

D.R. Lee Assistant: B.D. Besharah2

Natural Isotope Studies

R.M. Brown Assistant: R.J. Schultz

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. Jackson3 Assistant: K.J. Inch3

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

2Applied Chemistry Co-op student from University of
Waterloo. Joined the Branch September 10.

3Attached Staff from Inland Waters Directorate, En-
vironment Canada, Ottawa.
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3.1.1 STAFF (cont'd)

Biology and Aquatic Radioecology

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

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

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 - Inland Waters Directorate,
Environment Canada, Ottawa. Working on a co-operative
project with R.E. Jackson on work relating to trace
elements in groundwater.

J.F. pickens - Inland Waters Directorate, Environment
Canada, Ottawa. Working on a co-operative project
with W.F. Merritt on dispersion of solutes in flow
through granular media.

K.E. Lyon and T.G. Spoel - Dept. of Geological Sciences,
Queen's University, Kingston. Working on a research
contract between AECL and the University. T.G. Spoel
terminatea July 09.

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

J.M. Goiri - Graduate student from University of Michigan,
Ann Arbor, Michigan on a training program in Environ-
mental Research Branch from May 15 to July 20.

3.1.3 Summer Students

Janet M. Davies - University of Guelph, working with
R.M. Brown, terminated September 07.
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3.1.3 Summer Students (cont'd)

Charles W. Greer - Memorial University of Newfoundland,
working with D.R. Champ, terminated August 31.

Lisa A. Johnston - Catholic High School, Pembroke, working
with P.J. Barry, terminated August 31.

C. Patrick Roy - Mackenzie High School, Deep River, working
with E.L. Cooper, terminated August 31.

Debra L. Roberts - McGill University, working with
J.W. McMahon, terminated August 31.

3.2 BENEFICIAL USES OF WASTE HEAT - J.W. McMahon and A.E.
Docherty

3.2.1 Aquaculture of Fresh Water Organisms

Studies of increased productivity of the alga
Saenedesmus bijugatus through nutrient and heat enrich-
ment were continued. Pool cultures in the field using
different concentrations and combinations of nitrogen
and phosphorus indicate an optimum level of nutrient
addition approximately 30 times the nitrogen-phosphorus
values found in Maskinonge Lake, the main source of
culture water.

Increases in pH, as algal populations density in-
creased, were prevented by the introduction of CO2 into
the compressed air system (5% by volume) used in aera-
tion and culture mixing.

To date maximum biomass yields have been attained
in polyethylene culture vessels 1 m square and 30 cm
deep. The mean generation time (the interval required
for doubling cell numbers) during log phase growth of
Seenedesmus is 24 to 30 hours.

Field culture of the plankton feeding organism
Daphnia magna was attempted. Initial attempts to
raise this organism on baker's yeast and natural lake
plankton have been unsuccessful. This work is continu-
ing.



3.2.1 Aquaculture of Fresh Water Organisms (cont'd)

A feeding chamber was designed and laboratory
studies carried out on the measurement of feeding rate
of the fresh water clam Elliptio aormplanatus. Seenedesmus
cells, cultured in the heated tanks, were used as a
food source.

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

Experiments were carried out to assess possible
errors in the *-4C technique used in the measurement of
carbon assimilation through photosynthesis. Results
indicated that available light intensity is a limiting
factor when measuring primary productivity in high con-
centrations of algal cells. This phenomenon occurs
only in laboratory or field-cultured algal systems where
cell concentrations reach maximum values of 10? cells/mL.
In contrast natural phytoplankton densities in Maskinonge
Lake are normally only 50 to 100 cells/mL.

14Laboratory studies on the use of C for measuring
primary productivity under thermal aquaculture condi-
tions suggest that the results are too low. A prime
factor — light for photosynthesis — is probably in-
adequate due to self-shading within the dense Soenedeemue
populations. Cell numbers in culture, at the peak of
the growth cycle, average 107 cells/mL. This can be
compared to a normal phytoplankton density of 50 cells/mL
in Maskinonge Lake. Optical density readings, dry
weight and actual cell counting appear to be the most
reliable techniques at present for assessing changes in
biomass.

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

Biogeochemical studies on the role of bacteria in
determining the geochemistry of groundwater were con-
ducted throughout the last quarter. These studies have
focused on bacteria involved in the nitrogen cycle,
specifically in the reduction of nitrate to nitrite and
nitrite to molecular nitrogen. The data from these
studies is still being collected and analyzed.
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3.4 BIOGEOCHEMISTRY OF THE WASTE MANAGEMENT AREA (cont'd)

Due to difficulties in the operation of field
equipment under high temperature, high humidity summer
conditions we were unable to continue our column
experiments on arsenic migration. These studies will
resume in early October.

3.5 AQUATIC RADIOECOLOGY AND FRESH WATER BIOLOGY - I.L.
Ophel and J.M. Judd

3.5.1 Role of Organic Matter in Perch Lake

Nothing further to report.

3.6 PERCH LAKE PROJECT

3.6.1 Energy Budget, Lake Evaporation and Hydrology - P.j.
Barry, E. Robertson and R.E. Légère

The flux of heat through the waters of Perch,
Upper and Lower Bass and Maskinonge Lakes has been
estimated from lake temperatures measured during 1978.
Heat transfer coefficients, Kz, calculated for depths
at intervals of 50 cm were found to be strongly corre-
lated to Richardson numbers, Ri, which are stability
parameters.

Simple regression analysis of Maskinonge Lake
data gave correlation coefficients, r2, of 0.90 for the
simple power relationship:

Kz = A . RiB

and 0.93 for the Montgomery Rossby (1935) relationship:

Kz = A1 (1 + a • Ri) B >

with a = 1.3. Correlation coefficients were only
slightly lower for data for the other three lakes.

Results showed little variation in values of para-
meters B and B1 for the four lakes or between A and A1

for Perch, Upper or Lower Bass Lakes. There is, however,
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3.6.1 Energy Budget, Lake Evaporation and Hydrology (cont'd)

a significant difference between values of A and A1 for
Maskinonge and the three smaller lakes. This difference
is attributed to differences in size and exposure.

Equations derived from these correlation studies
have been used to calculate the downward flux of heat
in a one-dimensional, time-dependent lake energy budget
model. Evaporation rates estimated by this model, when
run with depth and volume characteristics of the four
study lakes, were found to be less sensitive to differ-
ences in the values of the parameters A and B than to
the choice of evaporation equation.

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

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

The highly coloured ground and surface waters from
the Perch Lake area give very erratic results when ana-
lyzed for sulfates. It was found that most of the pro-
blems were caused by the presence of metallic ions such
as potassium, calcium and magnesium in the water sample.
These ions formed coloured complexes with the thorin
indicator and increase the absorbance of the sample.
The problem was eliminated by passing samples through a
column of Dowex-50 cation exchange resin.

3.6.3 Data Storage - D.P. Wildsmith

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

The following data derived from the Perch Lake
basin is now on punched cards for the period 1979
January to August inclusive: daily soil temperatures,
mean daily precipitation, daily maximum and minimum air
temperatures, tritium concentrations for inlets No. 1
and No. 2 and the outlet, and the outlet stage height.



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

Occasional moni 'coring of the argon released from
the stack continues during 1979. 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
*lAr release from the main reactor stack. The following
results have been obtained for 1979 (Table 3.7).

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

Nothing further to report.

3.9 WASTE MANAGEMENT AREAS

3.9.1 Soil and Ground Water Sampling - W.F. Merritt and B.A.
Ris to

The new hollow-stem auger drill has been mounted
on a truck. A representative of the manufacturer is
expected shortly to instruct the CRNL drillers in the
operation of the rig.

A tracer test on the large tank (Blag. 240) would
indicate that the tank itself is not leaking. Another
tracer test to check out the piping to the tank has been
started.

3.10 CO-OPERATION WITH OUTSIDE ORGANIZATIONS

3.10.1 National Hydrology Research Institute, Inland Waters
Directorate, Environment Canada - W.F. Merritt

A dispersion experiment at "O" nest was carried
out with personnel of the National Hydrology Research
Institute (R.E. Jackson and J.F. Pickens), to study the
movement of a reactive and a non-reactive tracer in the
groundwater. Water containing 131j (non-reactive) and
85sr (reactive) was injected into the aquifer for five
days. The injection well was then pumped and the re-
covery curves observed. The results are being analyzed.
(See also Section 3.12).
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Table 3.7. Measured Ar Releases from Main Reactor Stack 1979

Sampling
Date

Jan.

Jan.

Mar.

May

July

Sep.

23

24

15

30

05

07

Time

13:38-13:42

10:03-10:07

09:58-10:02

08:30-08:32

08:20-08:24

08:28-08:32

41

GBq

36.9

170.5

140.5

177.8

202.0

196.7

hr
•d-1

x 103

x 103

x 103

x 103

x 103

x 103

NRU
megawatts

105

103

not

109.

110.
118.

CO2 (%)

95

95

operating

6

0

0

normal

normal

normal

NRX
megawatts

not operating

24.4

25.9

26.1

24.1

23.7

GBq-d~l
•MW-1

351

1152

5425

1310

1506

1388

CO

1 Ci = 37 GBg
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3.10.2 Long-Range Transport of Air Pollutants - D.P. Wildsmith

The Background Air and Particulate Sampling Sta-
tion, established on the Mattawa Road in the CRNL con-
trolled area in co-operation with the Atmospheric En-
vironment Service of Environment Canada, has been in
operation and monitored on a daily basis since 1978
July 05. Because of difficulties encountered during
the winter months with the mechanical raising and lower-
ing of the 10 TO boom to which the air samplers are at-
tached, the boom has been redesigned and was replaced
during late 1979 July. The new boom is much simpler to
operate, and no further difficulties are anticipated.

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

Nothing further to report.

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

During August a reactive tracer test was conducted
in the sand aquifer near Perch Lake to develop methods
for a similar test to be conducted at a later date in
fractured rock.

The injection well and the observation and multi-
level piezometers for the reactive tracer test were in-
stalled in late July. An aquifer test was conducted
on August 02 to determine the hydraulic parameters (K,
T, S) of the aquifer sediments and the overlying silt
and clay aquitard; where K is hydraulic conductivity,
T is transmissivity and S is storage coefficient —
K ^ 5 x 10-3 cm-s-1, T <v> 5 cm-s"1, S * 0.003, K1 (of
aquitard) <u 10~4.

Groundwater samples were taken from the upper
zone of the middle sand aquifer and analyzed for pH,
Eg, DO (dissolved oxygen) and major ions.

Injection of 82 mCi*of 1 3 1I and 86 mCitof 85Sr
was begun on August 15 at a rate of Q.75 L«s~l using
groundwater from the lower sand aquifer. At the end of
the injection period, four days later, two 4 m long
aluminum core tubes were driven into contaminated aquifer

*82 mCi =3.03 GBq
+86 mCi =3.18 GBq
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3.12 RADIONUCLIDE TRANSPORT IN FRACTURED ROCK (cont'd)

sediments at a distance of 30 m from the injection well.
The tracers were then withdrawn over an eight-day period.
Approximately 600 samples were taken during the injec-
tion and withdrawal phases in order to define the trans-
port of each radionuclide.

3.13 GROUNDWATER MOVEMENT AT WNRE WASTE DISPOSAL AREA - R.J.
Schultz and R.M. Brown with J.A. Cherry, University of
Waterloo

Tritium analyses of a further 126 samples of
groundwater from the recharge area at the WNRE ZEUS site
collected in 1979 May have been completed, giving a de-
tailed picture of the distribution of bomb tritium in
the groundwater at this site. These results will be
correlated with detailed measurements of hydraulic head
and used to check mathematical modelling of flow patterns
in the system. The evaluation of carbon-14 and uranium
isotope disequilibrium in this recharge zone are also
under study.

3.14 ENVIRONMENTAL CARBON-14 MEASUREMENTS - J.M. Davies,
R.J. Schultz and R.M. Brown

3.14.1 Measurement Techniques

14Further work with the counting of Ba CO4 suspended
in Instagel has encountered difficulty in obtaining re-
producible counting efficiency for the high loading of
BaCO3 {> 300 mg C) required for environmental levels of
activity. In spite of obtaining gels which were uniform
in appearance, efficiencies ranged from 25 to 35% in
replicate samples containing 360 mg carbon. Calcium
carbonate suspension counting looks more promising.
Twice as much carbon is incorporated in the same weight
of carbonate and preliminary trials showed acceptable
reproducibility at a loading of 720 mg carbon. Magnesium
carbonate incorporates a still higher proportion of carbon
but it proved to be too voluminous to settle into a normal
scintillation vial. Centrifuging resulted in difficulty
in resuspending in Instagel.
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3.14.1 Measurement Techniques (cont'd)

Pending development of a reliable suspension
counting technique, environmental samples are being
measured by synthesis to benzene and liquid scintilla-
tion counting. Benzene synthesized from CO2 on a
scale of 100 to 500 mg carbon requires five hours per
sample. Yields of about 90% are obtained. Counting
efficiency is much higher and background much lower
than for suspension counting, so much more reliable
results are obtained.

3.14.2 Reactor Carbon-14 in the Environment

A few samples of vegetation and atmospheric CO2
from the vicinity of CRNL and Pickering Nuclear Generat-
ing Station has been analyzed. At CRNL concentrations
ranging from 0.39 Bq'g~l C (Bldg. 560 at the outer gate)
to 0.74 Bq-g"1 C (base of the reactor stack) have been
observed. Of these concentrations, production by cosmic
rays accounts for 0.23 Bq-g""l C and 0.08 Bq»g~l C is at-
tributed to residual bomb-test carbon-14.

Samples of tomatoes and cucumbers grown in an
experimental plot about % km from the Pickering Nuclear
Generating Station have shown concentrations in the
range 0.7 to 1.9 Bq«g-1 C.

3.15 MP TANDEM ACCELERATOR MEASUREMENT OF NATURAL ,ISOTOPE
RATIOS - R.M. Brown with H.R. Andrews, G.C. Ball, W.G.
Davies and J.C.D. Milton of Nuclear Physics Branch and
Y. Imahori of NRX Reactor Branch

In the latest trial of carbon-14 measurements,
the detector assembly was moved as close to the acceler-
ator as possible to reduce sensitivity to terminal
voltage fluctuations. This was achieved but with the
magnetic spectrometer no longer in the system, spurious
mass 14 ions, produced by collisions with residual gases
in the analyzing magnet, ware able to reach the detector
and swamp the carbon-14 peak. The detector set-up will
be moved to another beam line to use the switching mag-
net to eliminate these spurious ions. Details are
given in the Nuclear Physics Branch Progress Report,
PR-P-123, AECL-6680, Section 2.7.
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3.16 URANIUM-234/URANIUM-238 ACTIVITY RATIOS IN NATURAL
WATERS - G.M. Milton, University of Waterloo and R.M.
Brown

Isotopic ratios in groundwater have been measured
from wells near Perch Lake (74-25 and 74-22), and from
one well near Point Alexander. Tritium analyses made
on earlier samples from these sites have indicated that
the water at 74-25 is relatively young, while the absence
of bomb produced tritium at 74-22 and the Point Alexander
well establishes the ages of these waters at > 25 years.
74-25 (i/ 4 m depth) shows a substantial increase in
uranium concentration over surface waters in this area
(0.24 jig*L~l as compared to 0.04 ng-L~i), but nc signifi-
cant change in activity ratio (AR). Uranium content is
considerably lower at 74-22 (̂  23 m depth), <\< 0.03 yg'L"1,
and is even lower at the Point Alexander well (̂  40 m
depth), < 0.02 pg-L"1. While the first samples analyzed
from these sites indicated slightly enhanced AR's (1.5
and 1.7 respectively), it has not been possible to dupli-
cate these values, probably due to slight contamination
(a very serious problem at such low concentrations).

We are attempting to improve a technique for co-
precipitation of uranium and iron with the carbon
routinely precipitated as BaCO3 immediately after collec-
tion of large samples for carbon-14 analysis. If satis-
factory yields can be obtained by this method, the
larger starting volumes (60 L) should result in increased
accuracy without the need to transport such large volumes
to the laboratory. Samples obtained in this manner from
the ZEUS study area, WNRE, as well as several 20 L water
samples collected at the same time, will be processed
in the near future.

3.17 ENVIRONMENTAL IMPACT ASSESSMENT

3.17.1 Groundwater Modelling - V.K. Barwell

Initial work has begun on obtaining and evaluating
groundwater models. Contacts have been initiated with
Oak Ridge National Labs., Idaho Engineering Labs., Sandia
Labs, and Harwell to co-ordinate our effort with theirs.
J.F. Pickens1 model, which is being used by Environment
Canada, has been obtained and is now running on our CDC
computer.
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3.17.1 Groundwater Modelling (cont'd)

A five-year research program has been planned in
conjunction with P.J. Barry, R.W.D. Killey and D.R. Lee.

Discussions have been started with the Mathematics
and Computation Branch, in order to obtain the System
2000 data base package and statistical packages. Two
computer terminals will be acquired on lease.

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

Investigations in the vicinity of Waste Management
Area "F" over the past three months have been confined
to periodic monitoring of hydraulic head distribution
and continued sampling and analysis of area groundwaters.
The water table has shown the characteristic delayed
spring rise and gradual decline over the summer. The
seasonal change generates local variations in groundwater
flow direction and velocity, but the overall system has
been fairly stable.

Results of the spring sampling show a general pat-
tern of increasing pH and total dissolved species, and
decreasing redox potentials, with increased depth and
residence time in the flow system. This pattern is
extensively modified, however, by variations in mineralogy
of different geologic units encountered by the groundwaters.
Arsenic, which will be more mobile than radium under
existing geochemical conditions, is present in concentra-
tions below 1 ppb, indicating no present contamination
from the Eldorado refinery waste.

Drilling, sampling and monitor installation have
continued around and downgradient of Waste Management
Area "C". The general extent of the contaminant plume
between "C" Area and the swamp to the south (which re-
ceives groundwater discharge) has been defined, although
further drilling is required to determine the detailed
configuration and inventory of contaminants. To date,
tritium is the only radionuclide found in significant
quantities. Point samples collected at the water table
below the disposal trenches have contained up to 1.8
GBq«L~l of tritium. The plume appears to be fairly
narrow and sharply defined in vertical section, and
follows flow lines to increasing depth in the saturated
zone as it moves downgradient. Total beta-gamma counting



3.17.2 Environmental Assessment of CRNL Waste Management Area
(cont'd)

of water and sediment samples (and limited gamma spectro-
metry) have revealed no other significant activity.

Major ion geochemistry reveals some effects of re-
charge by leakage through the bottom of 233 Lake, at
the top of the flow system. Redox potentials below and
downgradient of the lake are low enough to permit rela-
tively high dissolved iron and manganese concentrations.
The presence of these species in their reduced state
suggest that their hydroxides may not be important ex-
change media for the retardation of transition metals.

Minor road salt contamination is present in moni-
tors near the inlet to 233 Lake carrying a portion of
drainage from the Plant Road. Slightly elevated chloride,
calcium, magnesium, sodium and potassium concentrations
are observed in one monitor 15 m downgradient of the
Area "C" boundary.

3.17.3 Assessment of Groundwater Flux to Surface Waters and
Biodiscrimination in Aquatic Food Webs - D.R. Lee

A field experiment on groundwater contaminant
flux to surface waters was designed to overcome previously
identified problems of injecting (and therefore tracing)
chemical mixtures in the beds of lakes and streams.
This work necessarily precedes an assessment of radio-
nuclide behaviour in groundwater discharge zones. Inject-
ing through screened wells allows reactive and unreactive
constituents to become segregated. And,this produces
thin, pencil-like zones of reactive tracer near the
screen. These are difficult, if not impossible, to
trace during groundwater transport into surface water.

In preparation for injection experiments later in
September, two injection screens (50 x 50 x 0.5 cm in
size) were installed 1 m below the lakebed (in Perch
Lake) and a third screen was placed 1 m below the vege-
tation 4 m landward of the shoreline. This work will
be complete by 1979 January and will form the basis for
several larger-scale injections in the spring of 1980.

Another experiment was initiated to determine some
biodiscrimination factors for radionuclides in aquatic
food webs. This work will involve the artificial holding
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3.17.3 Assessment of Groundwater Flux to Surface Waters and
Biodiscrimination in Aquatic Food Webs (cont'd)

of brook trout (for one to two months) in sections of
streams adjacent to and downstream from CRNL waste
management areas. Selected sites were chosen to meet
three criteria: (1) long period of record for radionu-
clide content of surface waters, (2) a variety of habi-
tats potentially suitable for brook trout and (3) dis-
tances from 50 to 2000 m downstream from "A" and "B"
Disposal Areas. By working quite near the source areas,
it may be possible to work with isotopes that are
virtually undetectable further downstream. Data will
be used to examine biodiscrimination in a variety of
habitats.

Progress has been made toward finding technical
assistance; B.D. Besharah, an Applied Chemistry Co-op
student from the University of Waterloo, joined the
staff on September 10 and will work until December 21;
a job description for the permanent technical position
was submitted to Personnel.

3.18 GAMMA EXPOSURE RATES IN THE CRNL BOUNDARY - E.L. Cooper,
G. Lahaie and L.A. Mask

TLDs placed at the perimeter of the CRNL exclusion
area (see Fig. 3.18.1) are used to measure mean exposure
rates and the annual integrated exposures. Results in
Table 3.18 give the sum of contributions from CRNL and
natural gamma radiation.

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

Precipitation samples collected at Deep River were
analyzed radiochemically for 90Sr and spectrometrically
for I37cs and other gamma emitters. Monthly composite
samples of water from the Ottawa River, collected at
Rolphton, Deep River, Pembroke and CRNL, were also ana-
lyzed for gamma emitting nuclides, tritium and 90Sr.
The results are shown in Figure 3.19.1.
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Table 3.18. TLD Gamma Exposure Rates in Public Areas1

(yR*/h)

Location
(See Fig. 3.18.1)

1

2

3

4

5

6

7

8

13

Harrington Bay3

Deep River

Second Quarter
1979

10.9

7.7

4.5

5.9

5.0

5.0

5.4

7.7

8.62

N.A.*

5.4

1977
Average

10.2

6.0

3.6

6.0

5.6

4.0

5.2

7.6

7.7

7.6

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

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

2This figure is the average for the period 1978 October 02
to 1979 June 15.

3Harrington Bay, P.Q., 11 km east from plant stack.
4Not available.

3.20 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 3.20 for the second quarter of 1979.
Most of the radionuclides are measured by gamma ray
spectrometry.

*1 R = 2.58 X 10~4 C/kg
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Mean Daily Release from Process Sewer
Second Quarter 1979

Radionuclides

90 S r

1 3 7Cs
1 4 4Ce
1O6RU
1 4 0Ba
1 3 1I2 3V
95Zr
54Mn
46Sc
59Fe
65zn
60Co

Daily I
mCi/d

3

9

35

3

50

30

37

53

5

9

8

8

3

Release
MBg/d

111

333

1295

111

1850

1110

1369

1961

185

333

296

296

111

Perch Creek (See Fig. 3.18.1) 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
measured flow rates and radionuclide concentrations in
individual streams (Pig. 3.20.1). The plutonium figures
represent 239pu plus 240pu since these two isotopes
cannot be distinguished by alpha spectrometry.

At no time did the average concentrations of
radioactivity in the combined effluent flows exceed 1%
of the International Commission on Radiological Protec-
tion (ICRP) 40-hour occupational Maximum Permissible
Concentration for drinking water (MPC ) .
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3.21 LIQUID DISPOSAL AREA - 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 Liquid Disposal Area into Perch
and Maskinonge Lakes (See Fig. 3.18.1). Most samples
were combined and analyzed monthly for 3H as well as
quarterly for gamma emitting radionuclides and 90sr.
Strontium-90, SOco and 3H are still the main contami-
nants in the Perch Lake basin.

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

Shielded (indoor) and unshielded (outdoor) gamma
ray exposure rates in the CRNL exclusion area are given
in Table 3.22. The reduction in exposure rates observed
in Bldg. 513 is due to shielding from 35 cm of concrete
in the floors above the detector.

Table 3.22. TLD Gamma Exposure Rates in Exclusion Area1
pos
19779

Location
(See Pig. 3.18.1)

9

10 (office)2

11

163

Second Quarter
1979

33.1

13.1

13.1

10.0

1977
Average

28.2

22.6

11.9
-

1978
Average

30.8

13.4

10.1

10.6

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 jiR/h) .

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

3Office in CRNL cafeteria.

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



- 39 -

3.23 ANALYSIS OF SAMPLES FOR THE ATOMIC ENERGY CONTROL
BOARD - E.L. Cooper and G. Lahaie

No new samples have been received from the AECB;
however, work is continuing to determine how the ac-
curacy of the 226Ra determination is affected by the
escape of 222RH from the samples.

3.24 STUDIES OF THE BEHAVIOUR OF ACTINIDES IN THE ENVIRONMENT
- E.L. Cooper, G. Lahaie and C.P. Roy

Work is continuing on the development of proce-
dures for the radiochemical determination of actinides
in environmental samples. A new procedure has been
developed to collect alpha emitters from natural water
samples by absorption on to stainless steel discs plated
with manganese. These discs can be left in contact
with the water for long periods. The alpha activities
on the discs can then be identified by alpha spectrometry.
In preliminary trials it has been possible to detect
natural thorium and its daughters in a stream in the
restricted area and 242Cm in the Process Sewer. With
further development this procedure could be used to
identify specific alpha emitters in the process effluent.

3.25 STUDIES OF RADIOACTIVITY IN TREE SAP - E.L. Cooper,
G. Lahaie and L.A. Mask

Most of the sap samples collected this spring from
contaminated trees have been analyzed for 3H and gamma
emitters. Initial problems were encountered in ashing
these samples due to the presence of sugar which tends to
foam when it is heated. The sugar was removed by a
fermentation process and the samples could then be dried
and ashed quite easily. The results to date indicate
the presence of ^ H , 137CS, 60CO and 40K as expected. One
unexpected result is the presence of 2^3pa in sap from
yellow birch trees. Because of this finding more exten-
sive work is planned for next spring.

3.26 VEGETATION SURVEY - E.L. Cooper, G. Lahaie and L.A. Mask

During the second quarter, twig and bud samples
were collected from about 60 trees near the CRNL waste
management areas. These samples have been ashed and
total beta activities have been measured. Measurements



3.26 VEGETATION SURVEÏ (cont'd)

of the gamma activities by gamma ray spectrometry are
nearly complete. The results to date indicate that the
samples showing total beta activity significantly above
normal, contain mainly pure beta emitters (i.e. *0
90Y) .

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

Average concentrations of tritium in streams
within the exclusion area are given in Table 3.27 to-
gether with the amount released during the second
quarter of 1979.

Table 3.27. Tritium in Streams in the Exclusion Area
Second Quarter 19"79"

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek weir

Duke Stream1

Concentration
VCi/L

0.122

0.049

0.312

0.171

2.468

kBq/L

4.51

1.81

11.56

6.32

91.32

Quarterly
Ci

1352

5

47

306

120

.4

.5

3

5

Release
GBq

.00 x 104

200

1758

11322

4451

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

3.28 SURVEY SUMMARY - E.L. Cooper

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

3.29 PUBLICATIONS

BARKER, J.F., P. FRITZ and R.M. BROWN. Carbon-14 measure-
ments in aquifers with methane, pp. 661-678 in Isotope
Hydrology 1978, Vol. II. IAEA, Vienna.



3.29 PUBLICATIONS (cont'd)

BARRY, P.J. An introduction to the exposure commitment
concept with reference to environmental mercury.
Monitoring and Assessment Research Centre, Chelsea
College, University of London, London, England. MARC
Report No. 12. 93 pp.

BROWN, R.M. Environmental tritium in trees, pp. 405-418
in Behaviour of Tritium in the Environment. IAEA,
Vienna.

DOCHERTY, A.E. and J.W. McMAHON. A gravity corer for
sampling the sediment-water interface in lakes.
AECL-6488. 7 pp.

LEE, D.R. and J.A. CHERRY. A field exercise on ground-
water flow using seepage meters and mini-piezometers.
J. of Geological Education 27(1): 6-10.

3.30 VERBAL PRESENTATIONS

3.30.1 Presented Papers

ANDREWS, H.R.*, G.C. BALL, R.M. BROWN, W.G. DAVIES, Y.
IMAHORI and J.C.D. MILTON. Progress in radiocarbon
dating with the Chalk River MP tandem accelerator.
Presented at 10th International Radiocarbon Conference,
Berne, Switzerland and Heidelberg, Federal Republic of
Germany, 1979 August 19-26.

JACKSON, R.E., K.J. INCH, R.J. PATTERSON*, K.E. LYON,
T.G. SPOEL, W.F. MERRITT and B.A. RISTO. Adsorption
of radionuclides in a fluvial-sand aquifer: Measure-
ment of the distribution coefficients K§r and K^s an<3
identification of mineral absorbents. Presented at
American Chemical Society Meeting, Honolulu, Hawaii,
U.S.A., 1979 April 06.

3.30.2 Lectures or Seminars**

BARRY, P.J. Participated in IAEA Meeting on Setting
Minimum Levels of Radioactive Waste for Ocean Dumping,
Vienna, Austria, 1979 July 02-06.

*Presented by

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



3.30.2 Lectures or Seminars* (cont'd)

BROWN, R.M. Participated in IAEA Technical Committee
Meeting on Control and Monitoring of Carbon-14 Releases
from Nuclear Facilities, Munich, Germany, 1979 August
20-24.

CHAMP, D.R. Health and Environmental Effects of Nuclear
Power. Keynote Speaker at banquet and Resource Person
for AECL at "Biofeed (Back) Conference for Biology
Teachers", University of Waterloo, Waterloo, 1979
August 20-21.

3.30.3 Local Talks*

(A) 21st Annual Radiation Protection Course, CRNL, 1979
September 24-28.

JUDD, J.M. Tour of Perch Lake.

MERRITT, W.P. Environmental Radioactivity.

OPHEL, I.L. Environment and Man.

(B) Other.

CHAMP, D.R. Tour of Perch Lake and discussion of Environ-
mental Research activities with Patricia Pasho, Ottawa
Sunday Post and Neil Morris, London Free Press, CRNL,
1979 July 17.

OPHEL, I.L. and J.M. JUDD. Tour of Perch Lake and dis-
cussion of Environmental Research activities. Visit of
NPD's 1979 Chemical Technician Training Program parti-
cipants, CRNL, 1979 September 07.

"Papers in this section are generally not available in
print
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TUMOUR INDUCTION IN MAMMALS

k.3 Synergistic effects in radiation carcinogenesis

k.k Publications
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k.1 STAFF

Branch Head - H.B. Newcombe1

Hereditary changes and tumour induction in vertebrates

Assistant J.F. McGregor

Secretarial - C.L. Nagy

*Dr. H.B. Newcombe retired 1979 September 18



4.2 AIMS OF THE BRANCH

The Branch attempts to obtain biological data with which to
assess the consequences of exposing large numbers of people to low
levels jf radiation. Information is derived from irradiated and
unirradiated populations of laboratory animals. Also, until recently,
there has been a considerable empha is on the development of computer
methods for extracting human data from existing vita) and health
records, when these are organized to permit individual and family
follow-up.

TUMOUR INDUCTION IN MAMMALS

4.3 SYNERGISTIC EFFECTS OF RADIATION CARCINOGENESIS -
H.B. Newcombe and J.F. McGregor

Statistical analyses of data obtained from a test in a long-
term study to see whether ionizing radiation in combination with
certain environmental carcinogens react synergistically to increase
the cancer hazard have been completed. An assessment of skin tumor
production was made for the combined effects of beta-radiation (1600
rads, single dose) (16 Gy) and cigarette tar (40% in acetone, 3 times
weekly, for either 12 or 18 months), using white male rats. Two
tests were carried out: one in which applications of the cigarette
tar began iïimediately after the irradiation, and one in which the
applications of cigarette tar began two months after the irradiation,
so as to allow healing of the skin in an animal which had experienced
the acute effects of radiation, such as dermatitis or mild ulcération.

The results show a significant reduction (p <0.01) in the yield
of papi1lomas, and a non-significant increase (1.5-fold) in the yield
of carcinomas, for tarring immediately after the irradiation. On
the other hand, a significant increase (1.7-fold, p = 0.01) in the yield
of papi1lomas, and a non-significant increase (1.6-fold) in the yield
of carcinomas, were obtained for tarring two months after the irrad-
iation. The observed decrease in the yield of papi1lomas could be
attributed to a loss of epidermal epithelium from ulcération induced
by the cigarette tar on the newly irradiated and sensitive skin.
Because the cigarette tar failed to produce any cancers in the rat
skins, the observed increases of papi1lomas and carcinomas were
regarded as due to the tumor-promoting ability of the cigarette tar.
The data which supports a small pilot study dealing with the benign
phase only (J. Natl. Cancer Inst. 56_, 429-430, 1976) are being
prepared for a full length publication.
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k.k PUBLICATIONS

H.B. Newconbe - Problems of assessing risks versus mutations.
Genetics 92, sl99-s201 May Supplement, 1979.

D.K. Myers and H.B. Newcombe - Nuclear Power and Low Level Radiation
Hazards, AECL-6482, March 1979.
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RADIATION BIOLOGY BRANCH

by

D.K. Myers

5.1 Staff

5.2 Aims of the Branch

BIOCHEMISTRY AND MOLECULAR BIOLOGY

5.3 Ionizing Radiation Damage in Bacterial Cell Walls

5.4 Radioactive Labeling for Detection of DNA Damage

5.5 Studies on a DNA Binding Factor

5.6 Use of the Alkaline Elution Technique to Study DNA Damage
and Its Repair in Human Cells

5.6.a Mutational Synergism on Combined UV/y-Ray Exposure of
S. pombe

5.7 Comparison of Dimer Yield in Escherichia coli and
Bacteriophage T4 DNA Irradiated with New UV Light

5.8 ' OxicY-Ray Sensitivity of Fibroblasts Strains From
Individuals with Fanconi Anemia

5.9 Survival and DNA Repair Characteristics of a Radiosensitive
FA Strain Following Hypoxic Y Irradiation

5.10 Sensitivity of Human (Fanconi Anemia; FA) Cultured
Fibroblasts to Far (254 nm) and MID (313 nm) Ultraviolet
Light

5.11 Activity of Human (Normal and Ataxia Telangiectasia) Cell
Extracts Toward Their Own Y-Irradiated DNA

GENETIC AND POPULATION STUDIES

5.12 The Genetic Effects of Tritiated Water on S. cerevisiae

5.13 An Assay for the Detection of Mitotic Recombination in Mice

5.14 Low Dose - Low Dose-Rate Genetic Effects of Ionizing
Radiation on Yeast

5.15 Induction of Genetic Changes in Yeast

5.16 Radiation-Induced Tumors in Rats



i'l -

5.17 Assessment of Radiation Hazards to Human Populations

5.18 Publications

5.19 Verbal Presentations

5.19.1 Presented Papers
5.19.2 Lectures or Seminars
5.19.3 Local Talks
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5.1 STAFF

Branch Head - D.K. Myers

Biochemistry of DNA and RNA
H.C. Birnboim^

Radiati on Biochemistry
D.K. Myers

Radiation Damage in Cell Walls
and Membrane

TÊ7E7J. Mitchel

epeEnzymatic Repair of Radiation
Damage to DNA

N.E. Gentner

DNA Repair in Cultivated
Human Cells

M.C. Paterson
P.J. Smith
N.T. Bech-Hansen

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

Bacteriophage T4 Genetics
J.D. Chi Ids

Secretary
C.I. Walters

Animal House Supervisor
M.A. Jones

Laboratory Attendant

Assistants J.J. Jevcak
A.G. Knight

Assistant L.D. Johnson

Assistant K.M. Baird

Assistant M.M. Werner

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

Assistants V.M. Clermont
M.C. Hearty2

Assistant R. Pilon

•y Atl
BTAT Ruhnke

1Returned 1979 August 13 from one year's leave of absence at
Centre National de la Recherche Scientifique, Institut de
Recherche en Biologie Moléculaire, Paris, France

2M.C. Hearty transferred to Radiation Biology Branch
1979 September 24



Summer Students
Eleanor M. Cowper, University of Guelph, working with

R.E.J. Mitchel, terminated 1979 August 24.

Sandra M. MacFarlane, Laurentian University, working with
N.E. Gentner, terminated 1979 August 17.

Michael V. Middlestadt, Queen's University, working with
M.C. Paterson, terminated 1979 September 14.

Brenda K. Scheel, Algonquin College, working with J.D.
Chi Ids, terminated 1979 August 24.

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
radiâtion-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 process-s in the
living organism. An improved understanding of the DNA
repair mechanism would thus seem to be crucial for a proper
interpretation of the shape and position of radiation
dose-effect curves and consequently for assessment of the
hazards of low-level radiation to humans and other living
organisms. Research activities in the Branch are currently
focussed on this area.

BIOCHEMISTRY AND MOLECULAR BIOLOGY

5.3 IONIZING RADIATION DAMAGE IN BACTERIAL CELLS WALLS -
R.E.J. Mitchel and K.M. Baird

We have shown earlier that the cell walls of
Micrococcus radiodurans and Micrococcus luteus sustain
damage during exposure to ionizing radiation. This damage
results in the release of various wall components into the
surrounding medium. We have now examined E. coli B, an
organism with a cell wall of very different organization.
After irradiation of this organism there were no components
released which could be identified as of cell wall origin.
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Two wall components were specifically examined more closely
in an attempt to detect any damage. Neither the lipo-
polysaccharide nor the membrane derived oligosaccharide
components showed any change as monitored by molecular
weight or composition analysis. It is apparent from these
results that the components in some cell walls are much
more susceptible to damage than others. These results
suggest that a part of this difference may result from
variations in the physical organization of the structure.

5.4 RADIOACTIVE LABELING FOR DETECTION OF DNA DAMAGE -
R.E.J. Mitchel, H.C. Birnboim, J.J. Jevcak and A.G. Knight

A new biochemical procedure using P-32 labeling to
identify radiation damage to DNA has been developed. The
possibility of detecting ionizing radiation damage is now
being explored. In theory, this new technique requires
about one microgram of purified DNA, which could be
obtained from a millilitre of human blood or a few
milligrams of human skin. Experiments to study the
practical application of this method to human cells are
commencing.

5.5 STUDIES ON A DNA BINDING FACTOR - R.E.J. Mitchel, P. Unrau,
E.M. Cowper, and K.M. Baird

The purification procedure for the binding factor from
Micrococcus radiodurans has been finalized. A four step
protocol results in an essentially pure preparation. The
properties of this factor from normal cells are being
further explored, and compared to the properties of
material prepared from irradiated cells. Preliminary
results show that material isolated from irradiated cells
shows some decrease in molecular weight but that less
damage is caused by irradiation of cells in 0? as
compared to irradiation in anoxia. This result is
consistent with previous findings on the effect of oxic
irradiation damage in M. radiodurans cell wall.

Other results indicate that radiation does not change
the net charge of the molecule or its unusually high
resistance to inactivation by detergents or high
concentrations of urea.

5.6 USE OF THE ALKALINE ELUTION TECHNIQUE TO STUDY DNA DAMAGE
AND ITS REPAIR IN HUMAN CELLS - N.E. Gentner, M.M. Werner,
and M.C. Paterson

A relatively small number of breaks or incisions
results in increased elutability, under mildly alkaline
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conditions, of high molecular weight DNA through a small
pore-size filter. The sensitivity of this alkaline elution
technique has enabled us to extend the study of human cell
repair of ionizing radiation-induced strand breaks (or of
any lesion which can be related ultimately to a strand
scission or which effects elutability due to strand
scissions) to a physiologically significant exposure
range.

Other laboratories have suggested that the defect in
ataxia telangiectasia (AT) cells might be in repair of a
minor class of single strand breaks. Using the alkaline
elution technique, we examined single strand break repair
in normal and several AT fibroblast cell lines at sublethal
exposures 3 Gy, and found essentially identical kinetics of
repair. We are presently using exposures in the mildly
lethal range 12 Gy to see whether AT cells show any
evidence for reduced repairability compared to normal
cells.

The next major class of radioproducts to be tested, in
our search for the specific class of lesions whose repair
may be defective in AT vs. normal, is DNA-protein
cross-links. The persistence of these, and therefore their
kinetics of repair, can be determined by the reduced
elutability they cause after a test "fracturing" y-ray
exposure.

5.6.a MUTATIONAL SYNERGISM ON COMBINED UV/y-RAY EXPOSURE OF
JS. POMBE - N.E. Gentner and S.M. MacFarlane

Synergistic interaction between UV and y-rays with
regard to inactivation of Schizosaccharomyces pombe is due
to the presence of a recombinationa I repair process, which
is the major pathway for amelioration of damage caused by
either radiation. Synergisin occurs because pre-exposure to
one type of radiation "ties up" the available
recombinational repair capability, leaving the survivors
from the initial exposure as sensitive to subsequent
exposure to the second type of radiation as repair-
deficient cells are to this radiation given singly. In
other words, only recombinational repair-proficient,
radiation-resistant cells show such synergism, and it
should be noted that for any combination of exposures of
the two radiations, the end effect (inactivation) is still
much less for th» cells that show synergism than for those
that do not. Thus, if risk estimates do not consider the
possibility of repair, then they similarly need not worry
about synergistic effects.
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We have extended these studies to see if there is
mutational synergism between UV and ionizing radiations,
using the red >white colony colour forward mutational
system in ade7 strains. In conventional plots of induced
mutations vs. dose in normal and pre-irradiated (to the
opposite radiation type) cells, there is a synergistic
effect of combined exposure. This is no greater, however,
than that expected from the effect of combined exposure on
survival: if induced mutations are plotted vs. survival,
the curves are essentially identical for UV alone, y-rays
alone, or for mixed exposures. In other words, a certain
level of pre-1ethal damage as determined by extent of
inactivation, causes a certain amount of mutation,
regardless of the nature of the damaging agent.

5.7 COMPARISON OF DIMER YIELD IN ESCHERICHIA COLI AND
BACTERIOPHAGE T4 DNA IRRADIATED WITH NEAR UV LIGHT -
J.D. Childs, R. Pilon, and B.K. Scheel

We have previously examined the yield of pyrimidine
dimers formed during irradiation of Escherichia coli DNA
with monochromatic^ight from 254 nm to 320 nm. We found
that the ratio of CT:TT (cytosine-thymine and thymine dimer
respectively) at low fluence increased from 0.8:1 at 254 ran
to 1.6:1 at 313 nm. Preliminary experiments, reported
previously with bacteriophage T4 containing cytosine
(instead of 5-hydroxymethylcytosine normally present in T4
DNA) indicated that a similar increase in the CT:ft ratio
occurred during near UV-irradiation. Our final results are
given below (results for E. coli are also shown for
comparison):

wavelength (nm)

T4 (cytosine)

254

0.24

ratio

280

0.37

of 6t:TT
300

0.66

(ft = 1.
313

0.47

0)

320

0.39

E. coli 0.76 0.83 1.15 1.56 0.84

At al l wavelengths the CT:ft rat io for T4 is less than
that for E. co l i . As the rat io of cytosine to thymine in
J4 DJIA is~Tower than in E. coli DNA a reduction in the
CT:TT rat io was expecte/d~bjjt only by 25%, compared to the
35-70% observed. The CT:TT rat io for T4 was higher at near
UV wavelengths (300 nm-320 nm) than at far UV wavelengths,
but the highest rat io was at 300 nm compared to 313 nm for
E. co l i . These results indicate that i t is not simply the
ïïTnucleotide frequency which determines relative dimer
y ie ld .
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The quantum yield of dimers is thought to be
determined largely by the ability of cytidine and thymidine
to absorb UV light. We have therefore compared the dimer
yield per quantum at different wavelengths in E. coli with
the UV absorbance of cytidine and thymidine. "ffit 280 nm
both cytidine and thymidine have an absorbance which is
about 5,000 times greater than at 313 nm. Dimer yield per
quantum at 280 nm is also about 5,000 times greater at 280
nm than it̂  is at 313 nm. However, the differences in the
ratio of CT:TT at different wavelengths, which we have
observed, could not be correlated with any differences in
the absorbance of cytidine relative to thymidine. Thus
although overall dimer yield appears to be correlated with
the UV absorbance of cytidine and thymidine, other factors
in DNA appear to have a modifying effect.

5.8 OXIC Y-RAY SENSITIVITY OF FIBROBLASTS STRAINS FROM
INDIVIDUALS WITH FANCONI ANEMIA - N.T. Bech-Hansen,
B.M. Sell, P.J. Smith, and M.C. Paterson

On a continuing basis we are investigating the jji
vitro radiosensitivity of fibroblast cultures from various
individuals with genetic syndromes or diseases which
display clinical and/or laboratory features which suggest a
possible defect in DNA repair. We have extended this study
to include Fanconi anemia (FA), a rare (3 per 10° live
births) recessive disease which is characterized by
chromosomal instability in peripheral blood lymphocytes,
hyperpigmentation in the skin and an increased risk of
acute leukemia and solid tumors. The oxic Y-ray
(60Co) sensitivity of seven FA fibroblast strains have
now been measured. One strain, GM2053, showed a clear
Y-ray sensitivity (332+24 rad) while each of the other 6
strains gave responses similar to that of our normal
cultures (407+15 rad). Based on this survey, increased
radiosensitivTty would not appear to be a general feature
of FA strains.

5.9 SURVIVAL AND DNA REPAIR CHARACTERISTICS OF A RADIOSENSITIVE
FA STRAIN FOLLOWING HYPOXIC Y IRRADIATION - P.J. Smith,
N.T. Bech-Hansen, and M.C. Paterson

This laboratory has previously reported that the
spectrum and relative yields of DNA lesions produced in
human cells by ionizing radiation is differentially
modified depending on whether the treatment is given in air
(oxia) or nitrogen (hypoxia). To gain some insight into
the hypothetical class of DNA lesions responsible for the
radiosensitivity displayed by FA strain GM2053 we have
determined the oxygen enhancement ratio (OER: ratio of the

value in N2 to that in air) for cell survival.
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Strain GM2053 has a significantly lower (p<0.05) OER of 1.1
compared to that of normal controls (OER=1.67). However,
strain GM2053 did not demonstrate a subnormal level of
hypoxic Y-ray (50 krad) induced repair replication (a gross
estimate of excision repair events).

These results suggest that the critical DNA lesions
responsible for radiosensitivity in GM2053 are of a type
which predominate under hypoxic conditions and do not give
rise to extensive repair synthesis.

5.10 SENSITIVITY OF HUMAN (FANCONI ANEMIA; FA) CULTURED
FIBROBLASTS TO FAR (254 nm) AND MID (313 nm) ULTRAVIOLET
LIGHT - P.J. Smith, M.C. Paterson, and N.T. Bech-Hansen

It has been reported in the literature that some
cultured FA strains have a decreased capacity to excise DNA
base damage of the thymine glycol type. Thymine glycols
are formed in y-irradiated cellular DNA and may therefore
represent the biological lesions involved in the
radiosensitive response of the FA strain GM2053 (see the
above two reports). UV light also induces thymine glycols
in DNA with preferential formation relative to pyrimidine
dimers at 313 nm compared to 254 nm. Differential
sensitivity of FA fibroblasts to the two wavelengths of UV
light would be good evidence for the biologically important
nature of thymine glycol repair.

We have studied the cellular sensitivity of four FA
strains to 254 nm and 313 nm UV light. On the basis of
DIQ (fluence yielding 10% survival) values, one
(6M2361) of four FA strains was significantly (p 0.05)
sensitive at 254 nm; GM2361 (7.8+0.3 J«nr2), CRL 1196
(16.7^0.7 J«m-2), GM2053 (14.9+0.5 J-nT2) and
GM368 (18.6+ 0.3 J«m~2) compared to a DJQ range of
16.2-19.2 J«m~2 for normal cell strains. The pattern of
sensitivity to 313 nm was similar; GM2361 (13+5 kJ«nr2),
CRL 1196 (34+1 kJ-rrr2), GM2053 (29+_2 kJ'nT2) and
GM368 (32JK2 TTJ-m"2) compared to a D I Q range of
32-40 kJ«m"2 for normal cell strains.

Thus the radiosensitive FA strain GM2053 is not co-
sensitive to UV light of either wavelength. Furthermore
the newly characterized UV sensitive strain GM2361 is not
preferentially sensitive at 313 nm compared to the shorter
wavelength.

In conclusion the above experiments provide no
evidence for the general involvement of thymine glycols in
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the aberrant cellular responses of FA cells to DNA damaging
agents. Our studies on FA cells suggest that if a DNA
repair defect is a consistent feature of the FA cellular
phenotype then it is variably expressed in terms of extent
and the class of DNA lesions involved.

5.11 ACTIVITY OF HUMAN (NORMAL AND ATAXIA TELANGIECTASIA) CELL
EXTRACTS TOWARD THEIR OWN y-IRRADIATED DNA - M.C. Paterson,
M.V. Middlestadt, B.P. Smith, and P.A. Knight

We have attempted to define further the anomaly in
excision repair of radiogenic DNA damage in cultured cells
from patients with the rare hereditary disease, ataxia
telangiectasia (AT). Cell-free protein extracts of normal
and AT fibroblasts have been assayed for their ability to
introduce single-strand nicks in y-ray damaged DNA obtained
from their own cells irradiated under hypoxic conditions.
That is, these human cell extracts have been monitored for
the presence of putative repair enzymes (endonucleases and
glycosylases) presumed to mediate early steps in the
excision of DNA sites containing y-ray-induced base
defects. Extracts of cell lines from four AT patients
(AT2BE, AT3BI, AT4BI, AT5BI) were found to contain
approximately the same nicking activity toward highly
purified, radiation-damaged DNA as extracts of two control
cell lines from normal individuals (GM38, GM498); all
extracts recognized 2 Y-ray-induced sites per 10^2
daltons'rads (10^ daltons'grays). These data
suggest that all four AT cell lines possess a normal
complement of repair enzymes acting on radiated-damaged
sites in purified, "naked" DNA. However, these same
extracts of both normal and AT cell lines failed to detect
any of the y-ray-induced sites when the damaged DNA was
present in isolated nuclei. Since nuclear DNA is
presumably associated with various proteins in a state
closely mimicking its normal configuration inside cells,
this observation leads us to suggest that an additional or
alternate factor(s) is needed to enable a
lesion-recognizing enzyme(s) to gain access to its
substrate(s) in radiâtion-damaged cellular DNA. AT cells
may be deficient in such a putative co-factor, rather than
in a lesion-recognizing enzyme per sje. The testing of this
possibility must await the development of a cell-free
system in which extracts of normal cells act on
radiation-damaged sites in nuclear DNA. Experiments are
now underway to achieve this goal.
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GENETIC AND POPULATION STUDIES

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

Assessment of the effect of tritiated water (at three
activity concentrations - 1.43, 0.151, 0.0152 GBq/mL) on
the induction of gene conversion in strain D7.52a has been
repeated, confirming our earlier findings that induction is
linear, the induction rate (convertants/unit dose/cell
plated) is unaffected by dose rate and ^H-p-rays are not
significantly more effective at inducing conversion than
equivalent doses of 150 kVp X-rays.

We have established that D7.52a cells retain their
viability during prolonged storage (up to 5 months) in
water at 0-4°C. This raises the possibility that the
effects of yet lower activity concentrations can be
assessed.

5.13 AN ASSAY FOR THE DETECTION OF MITOTIC RECOMBINATION IN MICE
- D.P. Morrison and P. Unrau

To date approximately 200 control and 60 irradiated Fl
offspring have been examined in the search for "twin
spots", the predicted consequence of induced mitotic
crossing-over in the hybrid mice. No such events have been
observed. Stocks of parental animals are being expanded to
allow increased production of hybrid progeny.

5.14 LOW DOSE - LOW DOSE RATE GENETIC EFFECTS OF IONIZING
RADIATION ON YEAST - P. Unrau, D.P. Morrison,
R.E.J. Mitchel, V.M. Clermont, and M.C. Hearty

Primary radicals (-0H, e e q j H«) produced by the
radiolytic decomposition of water are believed to lead to
cell killing and a complex of associated genetic effects.
The numbers and proportions of radicals produced can be
altered by an appropriate choice of irradiation conditions.
We have begun a series of experiments to determine the
individual effects of these primary radicals on several
biological end points in yeast.

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

In this report, we wish to add three more chemicals to
the list that we have used in studies of gene conversion in
D7 and MU strains of Saccharomyces cerevisiae. We have
previously reported our work with NaN02 in pH4.5 citrate

•Health Physics Branch
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buffer (nitrous acid), mitoniycin C, and chloroquine
diphosphate; to this l i s t we are adding chloroform,
Trimethyl phosphate and chloral hydrate.

We were unable to demonstrate gene conversion with
chloroform.

Trimethyl phosphate was reported in NIOSH as a
suspected carcinogen based on the Salmonella assay (Ames
Test) and the mouse sperm abnormality assay. We obtained a
weak positive result for gene conversion with D7.rad52a.

Chloral hydrate has been reported in the l i terature as
a carcinogen and a mutagen in the Salmonella assay. We
have found that when MU-42 is exposed to this drug in 0.1 M
phosphate pH7.5 at 20°C for 2 h we get 0.0118
colonies per mM per min per 108 ce l ls . D7.rad52a gives a
value of 0.0125 col ones per mM per min per 10° cel ls
under the same conditions.

We have observed that i f we express our results in
terms of colonies per IIW per min per 108 cel ls and the
compared MU-42 and D7.rad52a we get the following rat ios:

For treatment with NaNO? in pH4.5 c i t ra te
MU-42 _ - „

D7.rad52a

For treatment with Mitomycin C in 0.1 M phosphate
MU-42 _ „ .

D7.rad52a °

For treatment with Chloral hydrate in 0.1 M phosphate
MU-42

D7.rad52a = 0.9

Data kindly supplied by Dr. P. Unrau indicates that for
ionizing radiation the ratio is about 1.0

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

Progress in this experiment is continuing in a
satisfactory manner.

We have no skin tumors in the three control groups
with no irradiation dose.

In the five groups which received 1200 R of beta
irradiation to the skin on the back, we have a total of 4
tumors. In the five groups which received 2400 R of beta
irradiation to the skin at the back, we have a total of 15
tumors.
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5.17 ASSESSMENT OF RADIATION HAZARDS TO HUMAN POPULATIONS -
D.K. Myers

A review on "DNA Repair, Human Cancer and Assessment
of Radiation Hazards" has been prepared by M.C. Paterson
and D.K. Myers and is currently in process of being
published as a report (AECL-6627). A review on "Health of
Radiation Workers" was prepared and presented at CRNL on
August 22; the manuscript for this talk has now been
revised and will be published together with written
questions and answers that resulted from the ensuing
discussion. Meanwhile, the practical details of organizing
a study of the mortality of CRNL employees are gradually
being solved in collaboration with J. O'Byrne and other
personnel; this study is part of a larger undertaking,
involving all AECL employees, which is being organized by
Dr. J.L. Weeks, WNRE.

During September 12-14, the AECRC hosted a conference
at CRNL on the topic "Health Effects of Energy Production".
Twenty-six invited speakers from Canada and the U.S.A.
(including two from CRNL) participated in this conference,
which was organized by the Radiation Biology Branch.
Topics covered were 1) need for energy, 2) biological
effects of environmental agents, 3) quantitative
assessment of biomédical effects, 4) total health effects
of various energy sources and 5) recent concerns in the
area of health and energy production. The conference
papers and discussion are currently being prepared for
publication.

5.18 PUBLICATIONS

Birnboim, Hyman C., Ronald R. Sederoff, and
Malcolm C. Paterson - Distribution of
polypyrimidine'polypurine segments in DNA from
diverse organisms. Eur. J. Biochem. 98, 301-307
(1979). ~

Paterson, M.C., B.P. Smith, P.J. Smith, and
N.T. Bech-Hansen -y-Ray hypersensitivity and
Anomalous DNA Repair in Cultured Cells from Humans
Exhibiting Familial Cancer Proneness. Abstracts of
the Sixth International Congress of Radiation
Research, Tokyo, Japan, 1979 May 13-19, p. 40 (1979)
(Abstract).
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Paterson, M.C., A.K. Anderson, B.P. Smith, and P.J. Smith -
Enhanced radiosensitivity of cultured fibroblasts from
ataxia telangiectasia hétérozygotes monitored by
defective colony-forming ability and reduced DNA
repair replication after hypoxic y-irradiâtion.
Cancer Res. 39, 3725-3734 (1979).

5.19 VERBAL PRESENTATIONS*

5.19.1 Presented Papers

Morrison, D.P., R.V. Osborne, and P. Unrau - A comparison
of the effects OT X-rays and 3^ 3-rays on the
induction of gene conversion in yeast. Presented by
PU at Joint Annual Meeting of the Genetics Societies
of Canada and America, Edmonton, Alberta,
1979 August 18-22.

Paterson, M.C. - Environmental and genetic interactions in
human cancer. Presented at the CRNL Conference on
Health Effects of Energy Production, Chalk River,
Ontario, 1979 September 12-14.

Smith, P.J. and M.C. Paterson - In vitro sensitivity to
near ultraviolet radiation Tiï Rothmund Thomson
Syndrome fibroblasts. Presented by MCP at the Sixth
International Congress of Radiation Research, Tokyo,
Japan, 1979 May 13-19.

5.19.2 Lectures or Seminars

Bech-Hansen, N.T. - _Iji vitro radiosensitivity and DNA
repair in genetic syndromes and families at high risk
of malignancy. Presented to Cancer Control Agency of
British Columbia, Vancouver, 1979 September 04.

Smith, B.P. - Current research activities on human DNA
repair at Chalk River Nuclear Laboratories. Presented
at Queensland Institute of Medical Research, Brisbane,
Australia, 197S September 20.

5.19.3 Local Talks

Birnboim, H.C. - Biological Dosimeters. Presented at
21st Annual Radiation Protection Course, CRNL,
1979 September 24-28.

*Papers in this section are generally not available in print.
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Childs, J.D. - Mutagenesis and carcinogenesis. Presented
at 21st Annual Radiation Protection Course, CNRL,
1979 September 24-28.

Marko, A.M., D.K. Myers, and G. Cowper - Follow-Up of
occupational risks. 21st Annual Radiation Protection
Course Evening Panel at Forest Hall, Deep River,
1979 September 25.

Mitchel, R.E.J. - Biological effects of radiation.
Presented at 21st Annual Radiation Protection Course,
CRNL, 1979 September 24-28.

Myers, D.K. - Biological effects of radiation. Presented
to Select Committee on Ontario Hydro Affairs, Toronto,
1979 July 10.

Myers, D.K. - Natural background radiation. Talk to
reporters from Ottawa Sunday Post and London Free
Press at CRNL, 1979 July 17.

Myers, D.K. - Health of radiation workers. Presented at
CRNL, 1979 August 22.

Myers, D.K. - Radiation risks and standards. Presented at
21st Annual Radiation Protection Course, CRNL,
1979 September 24-28.
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BIOMEDICAL RESEARCH BRANCH

by

J.R. JOHNSON
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6.2 BIOASSAY LABORATORY
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6.2.2.5 Distribution of Doses from Tritium at CRNL

6.3 IN VIVO MONITORING

6.3.1 Inter-laboratory Calibrations
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6.4 RADIOCHEMICAL ANALYSIS
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6.4.2 U C Analyses

6.5 METABOLIC MODELS

6.5.1 Committed Effective Dose Equivalent Conversion Factors
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6.5.4 Natural Thorium Monitoring and Modelling
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6.6 PAPERS, REPORTS, ORAL PRESENTATIONS

6.6.1 Presentations

6.6.2 Lectures
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6.1 STAFF

Branch Head

Secretary M. Tremblay

Professionals J.R. Johnson
G.H. Kramer

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

Clerical M. Gresham (Part-time)

National Summer Students

A. Morbourquette, working with J.R. Johnson, terminated
employment August 31, 1979 to return to Acadia University.

J.E. Boulton, working with G. Kramer, terminated employment
August 24, 1979 to return to Manitoba University.

6.2 BIOASSAY LABORATORY

6.2.1 Tritium Dosimetry

The computer programs that interpret the paper tape output
from the LS-7000 liquid scintillation counter and which modify
the tritium dose file to reflect staff movements are completed.
Documentation covering all the programs that modify the tritium
dose file and produce 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 earths and
lanthanides.

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



Table 6 . 2 . 2 . 1

Hioassay Analyses

PERSONNEL OF CHALK RIVER NUCLEAR LABORATORIES

1979

3-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)

JULY

TOTAL

152
112

268
168

14
8

172
120

7
7

9
9

00
 

C
O

630
3

Positive
Nvanber

0
0

0
0

0

0
0

0
0

0
0

0
0

0
0

(1)
%

0
0

0
0

0

0
0

0
0

0
0

0
0

0

1

TOTAL

266
206

451
230

54
34

238
192

12
8

9
8

10
10

1040
2

WGUST
Positive
Number

0
0

0
0

0

0
0

0
0

0
0

0
0

0
0

(1)
%

0
0

0
0

0

0
0

0
0

0
0

0
0

0

TOTALS

TOTAL

418

719

68

410

19

18

18

1670
5

Positive
Number

0

0

0

0

0

0

0
0

(1)
% "

0

0

0

0

0

0

0



Table 6.2.2.2

Bioassay Analyses

PERSONNEL OF COMMERCIAL PRODUCTS

1979

g-emitters (2)

Tritium (3)

Iodine (4)

cx-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)

JULY

TOTAL

6
6

0
0

8
7

10
10

0
0

0
0

2
2

26
0

Positive (1)
Number

O
O

I
I 

I
I

O
O

O
 

I
I

O
O

0
0

%

O
O

I
I 

O
O

O
I

I 
I

I
O

O

0

AUGUST

TOTAL

3
3

0
0

12
7

9
8

0
0

0
0

0
0

24
0

Positive (1)
Number

I
I 

I
I 

I
I

O
O

O
 

I
I

O
O

0
0

%

I
I 

I
I 

I
I

O
O

O
 

I
I

O
O

0

TOTAT.S

TOTAL

9

0

20

19

0

0

2

50
0

Positive (1)
Number

0

0

0

0
0

%

0

0

0

0

I

o



Table 6.2.2.3

Bioassay Analyses

PERSONNEL OF OTHER ORGANIZATIONS

1979

6-emitters (2)

Tritium (3)

Iodine (4)

a-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides(6)

Miscellaneous (7)

TOTALS

Test^
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

JULY

TOTAL

0
0

0
0

0
0

0
0

6
6

0
0

0
0

6
6

Positive
Number

-

-

-

0
0

-

-

0
0

(1)
%

-

-

_

0
0

_

-

0

AUGUST

TOTAL

NO

R

Positive
Number

SAMPLES

ECEIVED

IN

\UGUST

(1)
%

TOTALS

TOTAL

0

0

0

0

6

0

0

6
6

Positive (1)
Number

-

-

-

0

-

0
0

%

-

-

-

0

-

0



Table 6.2.2.4

ENVIRONMENTAL AND PROCESS SAMPLES

1979

AECL

Tritium
a-emitting actinides
g-emitters
y-emitters

OTHER ORGANIZATIONS

a-emitting actinides
3- emitters
y- emitters

TOTALS

JULY

459
0
0
0

0
0
0

459

AUGUST

451
0
0
0

0
0
0

451

TOTAL

910
0
0
0

0
0
0

910

N>



Table 6.2.2.5

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1979 July 1 - September 30

BRANCH

RIS
NRU
NRX
CHEM OPS
MECH SERVICES
EIP
WEP
LOOPS
ARD
MISC

TOTALS

% of Persons

0-49
tnrem

19
28
25
10
21
12
0
0
7
0

122

48.8

50-99
mrem

6
43
2
14
9
8
0
0
0
1

83

33.2

NUMBER OF TESTED PERSONS IN VARIOUS DOSE RANGES

100-199
mrem

4
18
2
7
9
1
0
0
0
0

41

16.4

200-299
mrem

0
2
0
1
1
0
0
0
0
0

4

1.6

300-399
mrem

0
0
0
0
0
0
0
0
0
0

0

0.0

400-499
mrem

0
0
0
0
0
0
0
0
0
0

0

0.0

500-599
mrem

0
0
0
0
0
0
0
0
0
0

0

0.0

1000-2999
mrem

0
0
0
0
0
0
0
0
0
0

0

0.0

3000-5000
mrem

0
0
0
0
0
0
0
0
0
0

0

0.0

>5000
mrem

0
0
0
0
0
0
0
0
0
0

0

0.0

Tested
Persons

29
91
29
32
40
21
0
0
7
1

250

Total
mrem

1416
6776
472
2503
2300
989
0
0
0
55

14512

100

NOTES TO TABLE ABOVE

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

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

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



4) Iodine analyses include 1-125 and all the iodine radio-
nuclides in fission products. A direct measurement of
activity in the thyroid is usually the criterion for removal
of an individual from work involving radioactive materials
when exposure to radioiodine has occurred. Bioassay tests
for iodine are used mainly to determine whether or not the
radioiodine content of the thyroid should be measured
directlyj 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 saectroscopy of raw bioassay samples for gamma-
emitting fi-.sion and activation products.

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

7) Miscellaneous analyses included '"c, 63Ni and N a tHg.

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

6.3 IN-VIVO MONITORING

6.3.1 Inter-laboratory Calibrations

Inter-laboratory calibrations using the Radiation Protection
Bureau's (RPB) phantom have been carried out for natural thorium
and uranium.

Excellent agreement was obtained for thorium with the '
body monitor using the 2.6 MeV gamma transition in the decay of Z08Tl.
Unfortunately, this monitor is not sensitive enough for routine
monitoring (its sensitivity is about one-half a maximum permissible
body burden of natural thorium if equilibrium between daughters
is assumed). Uncertainties about the equilibrium conditions of
the thorium daughters makes it impossible to estimate the total
body content with confidence by this method alone. Confusing results
were obtained with the lung monitors when spectra from the phantom
was compared to point sources, again because the equilibrium
conditions of the daughters were not accurately known, and because
backscattering was not adequately accounted for.

CRNL's calibration for natural uranium, which is based on
detecting 23lfTh with the lung monitor, as is RPB's, was found to
underestimate lung burdens by 30%, compared to RPB calibration. It
was decided to use the RPB calibration, in the interest of consistency
and conservatism, until a better phantom is obtained. A realistic



Table 6.3.2

IN-VIVO MONITORING

1979 July and August

Branch

Health Sciences

Chemistry & Materials

Physics

AP&RP

Fuel Engineering

Metallurgical Engineering

System Materials

Chemical Engineering

Fuel Materials

Special Projects

R&IS

EI&P

Mechanical Services

NRU

Outside Organizations

Retirements &
Terminations

Animals counted for
Environmental Research

Whole Bodv Monitorine
lumber*

1

2

2

11

30

30

14

2

6

1

6

2

2

1

10

63

13

No.Positive!)

1

1

Lung Monitorine
Number*

2

1

2

2

No.Positive^)
Othet In-vivo Monitorine
Number*

1(12SI)

No.Positive3)
fT1of-hinp Mnni forinp
lumber No.Positive!)

vn

* Uumbvi o& people. monitonoA In pvwod.
1) G/ieateA. than. 10 nCc+ 0(J itotopeA emitting gamma Kayi above 100 feel'.
2) Any meoitinabZe. amount o{, alpha emitting iisotapu.
3) Any tLeAulti that Indicate, a minoK on. guzatzn. contamination [i.e.. > 10 nCi+

+ 1 Ci = 37 GBq

1 2 5 I , etc).
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pliantom is being sought by the branch, as is a detector suitable
tor iWccting 5U, and the purchase of those items will improve
CKNL's ability to estimate uranium body burdens.

ti.4 RADIOCHEMICAL ANALYSIS

6.4.1 Actinide Chemistry

A method has been developed for estimating amount of
plutonium and americium in urine. The urine is first wet ashed
and any actinides are subsequently co-precipitated with Fe(OH)».
After dissolving in 8 M HNOo the sample solution is passed through
an anion-exchange column. The Am washes through and Pu is eluted
with 8 M HC1/.05 M NH4r. (Th can also be eluted prior to Pu by
8 M HC1.) The Am is further purified by passing the sample through
another anion-exchangc column using 1 M HNO3 (95% CFUOH) and finally
identified by a-spectrometry after electrodeposition on stainless
steel discs. Recoveries are 80 percent and 90 percent for Pu
and Am respectively.

Thorium has also been included in this procedure, as mentioned
above, but recovery yields have been erratic. The plating procedure
is suspected and efforts are being directed towards solving this
problem.

Improvement of the method has been greatly facilitated by
General Chemistry's elemental analysis of the fractions at various
stages in the process. The results so far have given much
information about stable elements which could interfere in the
separation or electrodeposition sequences. This study is continuing.

6.4.2 '"c Analysis

Difficulty has been encountered in the investigation of C0_
,011. The attempted

first step:
absorption into compounds of the type R-CH(NH.)-CHJ
synthesis of CkHgCH(NH2)CH20H has failed at tHe fir:

Br
C. HgCH COOH > C, HgCHBrCOOH

The reason is not known as this is supposed to be a standard
preparation. Another approach will be tried.
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6.5 METABOLIC MODELS

6.5.1 Committed Effective Dose Equivalent Conversion Factors for
Infants and Adults

The report describing the derivation of these factors has
been issued in draft form to various individuals and organizations,
for comment by October 1, 1979. This report can be used to extend
the factors given in ICRP Publication 30, "Limits of Intake of
Radionuclides by Workers" to other radionuclides, "Environmental"
compounds, and to infants.

6.5.2 Alkaline Earth Modelling

The program (written by M. Carver and N. Ross, Mathematics
and Computation Branch) to optimize the parameters of differential

talions describing alkaline earth elements retention and
distribution in humans has been extended to allow up to 10 parameters,
chosen by the operator, to vary. Work has been directed towards
finding a penalty function, or set of penalty functions, that will
force the optimization procedure to the best fit, from the view-
point of finding a set of parameters that will minimize the
difference between the dose calculated from the differential equations
and those obtained from ICRP Publication 20, rather than the
traditional minimum "sum of squares". Limited success was obtained
by A. Mombourquette during the summer but this work has had to be
postponed because of lack of staff.

6.5.3 Uranium Modelling

The study showing the effect of varying various lung model
parameters on organ burdens and excretion rates has been completed
and a report is being prepared. This report will include limits
on organ burdens and intakes corresponding to the recommendations
of the ICRP given in Publication 9, and which present Canadian
regulations are based on, as well as those based on the new
recommendations of the ICRP.

6.5.4 Natural Thorium Monitoring and Modelling

Advice on thorium monitoring (bioassay and in-vivo) to
ensuis compliance with Atomic Energy Control Regulations was
supplied separately to AECB staff, Canadian General Electric, and
Combustion Engineering.

6.5.5 Statistic Analysis

Data used in many areas of science come from an unknown
underlying probability distribution. This distribution is often
assumed to be normal or log-normal so that the powerful statistical
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tests developed for use with this distribution can be applied.
Parameters derived using the data and an assumed normal or log-
normal distribution are often used to make decisions, for instance,
regarding the probability of an event occurring, which would be
invalid if the underlying distribution were not the assumed one.

Many procedures exist that will test whether or not the
data is consistent with coining from these distributions. Unfortunately,
most of them are only applicable to large sets of data. Two that
are suitable for use with data sets of size less than 50 are the
W-test and the Kolmogorov-Smirnov test. A computer program called
WORKS, for W or K-S, has been written and extensively tested
against data from known distributions. This program gives the
probability that data being tested comes from a (specified)
normal or log-normal distribution, as calculated by the W and K-S
tests. A report describing this program, and the tests, is being
prepared.

6.6 PAPERS, REPORTS, ORAL PRESENTATION

6.6.1 Presentations

J.R. Johnson. General Models for Use in Internal Dosimetry.
Poster presentation at the Health Physics Society Annual General
Meeting, Philadelphia, 1979 July 11.

6.6.2 Lectures

J.R. Johnson. "Metabolism of Radionuclides". Lecture at the
21st Annual Radiation Protection Course, CRNL, 1979 September 25.

J.R. Johnson. "Toxicology of Radionuclides". Lecture at the
21st Annual Radiation Protection Course, CRNL, 1979 September 25.
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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

j 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 Branch Head

Secretary

Professional

Nurses

- D.W.S. Evans

- V.A. Schizkoske

- W.J.D. Cooke

- A. Kinloch
- J. Williams

Medical Technicians - L.A. Godin
- M. Plattner
- J. Shaw

7.2

Lab Attendant

CLINIC PROCEDURES

- L. Gutzeit

7.2.1 Occupational Accident and Illness

July

AECL
Male

Female

Others
Male

Female

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

- Hew Visits
- Revisits

August Total

118

41
21
62

2

1

2

~2

30
26
56

1

«

III

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

Grand
Total

123

329
226
555
49
32
81

2
1
3
1

T

281
189
470
59
28
87

„

1
1
—

—

1025

168

4

I 1198

1321
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7.3 CLINIC VISITS BY WORK CATEGORIES

AECL
Health Sciences
Administration1

Finance
Plant Design2

Chemistry & Materials
Physics
Applied Research & Dev't.

Others

July
Staff

40
63
19
153
26
54
100
455

July

P.R

—
12
4

229
—
—
—
245

August
Staff

34
51
31
148
15
33
88
400

August

P.R.

—
6
—
208
—
—
—
214

Total

74
132
54
738
41
87
188

1314

Crawley and McCracken
Attached Staff, etc.

1321

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 injury
Burns
Effects of poisons, weather and related

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

August
Grand
Total

3
2

132

4

62
31
79
12
30
—
6
1
80
30

71
15
41
37
67
7
11
1

11

2

3
3
92

1
4

35
29
78
15
30
1
14
—
73
42

78
6
40
21
70
2
11
—

6

—

6
5

224

1
8

97
60
157
27
60
1
20
1

153
72

149
21
81
58
137
9
22
1

17

2

735 654 1389
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7.5 MEDICAL EXAMINATIONS

AECL

7.6

Male

Female

Others
Male

Female

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

NON-OCCUPATIONAL ABSENTEEISM

Health Sciences
Administration1

Finance
Plant Design2

Chemistry & Materials
Physics
Applied Research & Dev't.

7.7 LABORATORY PROCEDURES

7.7.1 X-Ray Department

AECL
Male

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

July August Total

10
JL
11

1
_2
3

6
_3
9

2

1

3

18

11

Grand
Total

35

Male

34
37*
35
205
41
33%

152%
538%

July

89
33

122

5

T

July
Female

9
20
23
42
19
26%
25

164!$

August

64
19
83

2
2
4

1

-1

August
Male

22
38
38%

250
39
36

160
583%

Total

205

9

2

Female

13%
31%
32%
85%
5%
11%
45%

225%

Total

78%
127
129
582%
104
107
383

1512

Grand
Total

216
Films sent to Specialist
Films sent to W.C.B.



7.7
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LABORATORY PROCEDURES (Continued)

7.7.2 Haematology

Total brought forward

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

July

144
153
297

18
21
39

7
7
14

1
0
1

144
10
154

18
1
19

7
0
7

1
1
2

August

83
93
176

9
15
24

4
4
8

82
4
86

9
2
11

4
1
5

il
l'

Total

473

63

22

1

240

30

12

2

Grand
Total

216

559

284

1059



7.8 TOTAL HOSPITAL PROCEDURES

Clinic Procedures
Laboratory Procedures
Medical Examinations
Electrocardiograms
Audiometric Tests
Blood Pressures
Whole Body Counts
Lung Counts
Respiratory Tests

July

706
660
23
5
49
75
103
4
50

August

615
399
14
2
7
54
80
3
18

Total

1321
1059
37
7
56
129
183
7

68

1 Administration includes Technical Information & University Relations.
2 Plant Design includes General Services, Maintenance & Construction
and Operations.
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