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1. HEALTH SCIENCES DIVISION SUMMARY

A.M. Market

Health Physics

The response of electrochemically etched damage track CR-39
neutron detectors to low energy neutrons is being explored
indirectly by low energy proton bombardment. Protons have been
detected, with lower efficiency, down to 50 keV,

Experimental investigation of the characteristics of bubble
damage polymer detectors are continuing with the study of both
"soft" and "hard" polyacrylamide gels and with variations in the
amounts of dispersed detector liquid in the gel.

The transportable neutron spectrometer development has
continued with the preparation of the software for unfolding the
spectral data from the four proportional counters and now a single
switch closure transfers all of the counter data to a micro-
processor which delivers the unfolded spectrum.

Tests, carried out to compare the performance cf an n/y
discriminator developed at CRNL for use with organic scintillator
neutron spectrometers with two well-known commercial models, have
shown that the Chalk River circuit has superior performance.

Calculations of the response of Bonner-sphere neutron
spectrometers with more realistic simulations of detector geometry
(using Monte Carlo analysis rather than discrete ordinates) have
shown that this modification does not eliminate the difference
between theoretical estimates and experimental measurements of the
response.

Further refinements to the automatic TLD system are being
incorporated which will allow on-line application of the stored
calibration factor for each TLD as it is processed. In addition,
diagnostic capability will be assisted by a digital glow curve
plotter so that peculiarities of any dosimeter response can be
identified. The practical aspects of a routine quality assurance
program have been developed and the means to implement this, by
the addition of an extra TLD to each dosimeter badge, may now
proceed. An investigation has been made of alternative means of
monitoring TLD temperature in the Automatic Reader. The benefits
and limitations of several approaches have been assessed and it
has been concluded that the optimum action is to make no change to
the existing system.

The characteristics of thin Si02 layers (in MOSFET devices)
as beta dose meters have been examined and their characteristics,
in particular, energy dependence are less ideal than anticipated.
The response, expected to be the result of interactions in the
oxide layer alone, suggest that contributions are made throughout
the volume of the silicon substrate. This finding, together with
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the fact that the sensitivity is generally low, means that such a
detector has no particular merit for general applications in
dosimetry.

An electrometer for the flow modulation tritium-in-air
monitor has been designed and tested and it will also be used in
the discriminating (HT/HTO) monitor. The engineering design of
that monitor (in cooperation with Electronics Branch) has been
completed and reported to the Canadian Fusion Fuels Technology
Project. The design of a simple general purpose tritium-in-air
monitor is proceeding for application in the Tritium Extraction
Plant a"-4 the Tritium Laboratory but, with wider uses in mind,
discussions relating to commercial manufacture have been held.

The major components of the Stack Effluent Monitor are being
tested as they are completed. Detailed drawings of the filter
change system are near completion so construction will begin
shortly.

The practicality of achieving better estimation of effective
dose equivalent, Hg when workers are exposed is geometrically
complex y-radiation fields has been examined and a generally
satisfactory and empirical means of combining the readings from
two body mounted dosimeters has been developed. If one dosimeter
is worn in front and one behind, Hg is measurable to better than
7% for Ey>50 keV provided the dosimeter, as tested in free air
conditions, otherwise has energy- and direction-independent
characteristics.

A prototype of a beta-dose rate meter with improved sensitiv-
ity has been tested. The improvement results from the intro-
duction of a chopper-stabilized amplifier for the detector
signal.

Environmental Research

A total of 26 experiments were carried out in the thermally
enhanced atmospheric plume rise study. The operating experience
has resulted in a re-evaluation of the experimental design.
Sensors, meteorological instrumentation and towers have been
relocated to provide an optimum sampling array downwind of the
burner ring. Chemical tracers will be used to study the effect of
tower height and the momentum jet of non-ignited propane in the
burner ring. This will aid in defining the resulting effect of
heat on plume behaviour.

Snowmelt and infiltration processes as well as input fluxes of
atmospheric-derived sulfate and nitrite studies were continued in
co-operation with A.T. Price, University of Toronto. A site, away
from travelled areas, was selected and instrumented. Sampling
plots (1 m 2) were prepared and sampling trays, for infiltration
studies, were installed.
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Streamflow generation studies were contracted out to the
Department of Earth Sciences, University of Waterloo to couple the
2-D capillary fringe model with a streamflow routing model, perform
sensititivy analyses and test the model at field sites (CFB Borden
and CRNL). Hydraulic head responses were shown to be similar for
both field and laboratory conditions. Streamflow operation is
strongly influenced by the capillary fringe effect. The separation
of streamflow into surface runoff and groundwater discharge
components, by chemical analyses, is currently under way.

The three-dimensional analyses of the 131i subsurface
dispersivity experiment (20-metres) is complete. The predictive
capability of the advection-dispersion model was successfully
demonstrated. The "dry-access tubes" monitoring technique for
radionuclide transport analysis will be standardized for field
studies •

Preliminary findings from a 40 m tracer test indicate improved
assessment of not only longitudinal and vertical transverse
dispersivities but a possible evaluation of lateral transverse
dispersivity 20 to 25 m downgradient of the tracer injection well.

Radiotracer studies of flow through rock fractures were
carried out at CRNL in collaboration with the National Hydrology
Research Institute, AERE-Harwell and AECL. A reactive tracer
(85gr) and a conservative tracer (82gr) w e r e injected
into boreholes and other rock fracture sets.

Another collaborative program was initiated at CRNL with
D.E. Robertson, Battelle, P.N.L. to study chemical-physical
speciation of contaminant plumes. During this period geochemical
parameters were determined at several sites and water samples were
collected for analyses of trace elements and various radionuclides
present in solution.

A 137cs m a s s balance has been constructed for the Ottawa
River drainage basin in order to determine the quantity of
137cs discharged from "shield" catchment areas. It appears
that only 1.5% of the total Cs fallout has been exported from the
catchment. This is not insignificant in relation to present
137cs in lake waters and suggests that some 137cs

activity in lakewater may be due to catchment input instead of
remobilization at the sediment-water interface. Remobilization
rates were also studied in thermally stratified deep shield lakes
where the deep waters are considered to be isolated from ^37gs

input from surface waters. Remobilization may be related to the
concentrations of reduced Fe and Mn under anoxic conditions in the
sediment.



- 4 -

Sedimentation rates In lakes, based on the measurement of
_ 210po activities in sediment cores, have been

estimated to be in the range of 20 to 150 g dry mass
m~l.a-l. Sedimentation and remobilization is also being
estimated in Perch Lake from ^ C o determinations.
Approximately 8000 Bq.m~2 of 60(jo is present in Perch
Lake. This is significantly less than anticipated from recorded
input-output measurements over 23 years. This discrepancy may be
related to bias in the input estimates.

A method has been developed for measuring ultra trace levels
of stable cobalt (ppb) in lake waters using polarizing
Zeeman-effect atomic absorption spectrophotometry. Reproducible
cobalt levels of 0c059 and 0.036 yg.L"-'- were recorded in raw
surface waters from two area lakes.

Studies designed to measure and identify the discharge of
bedrock groundwater to surface waters or to overburden were
continued at Chalk River and East Bull Lake. A lake level response
test and a tracer dilution test in bedrock boreholes only, have so
far provided direct evidence of the connection of bedrock
groundwater to surface waters at Chalk River. Airborne thermal
imagery and lakebed thermometry are other techniques being
developed. Microbiology studies of groundwater were also carried
out to determine the natural bacterial populations. These were the
initial experiments in a series to investigate the effects of
bacteria on radionuclide transport. Uranium isotope measurements
in borehole water have continued with a detailed investigation of
the conditions under which U(IV) and U(V1) can co-exist.

Organic carbon and residual bomb tritium analyses have been
carried out on samples of groundwater from the plume of the
Gloucester Landfill site near Ottawa. Waste-derived tritium, as
distinct from bomb tritium, is present in waters close to this
Ottawa area disposal site.

Tritium concentration of soil water near the tritium removal
plant was also determined. The reactor and/or D2O electrolysis
buildings in the inner area are considered a more significant
source of tritium than the reactor stack.

The sensitivity in measuring organically-bound tritiuin in
vegetation has been significantly Improved by ensuring that
laboratory air is excluded from contact with the samples during
analysis. Ratios of organically bound tritium to tritium
concentrations of tissue free water ranging from 0.6 to 2.6 have
been observed. Past reported ratios have always exceeded 1.5.



In a North American interlaboratory analytical comparison
standard reference water samples were analysed for selected anions.
Our techniques ranked "excellent". Efforts were continued towards
standardizing chemical analytical procedures within the
Environmental Research Branch.

Development of a computer-based multi-input multichannel
sealer for industrial flow measurements using radiotracers was
continued. The instrument performed satisfactorily during
field-testing at two industrial sites. A 99Mo-99mTc
generator system was also adapted for use with other
parent-daughter pairs for industrial tracer work and was licensed
by AECB.

No unusual discharge of radioactivity to the environment from
CRNL occurred during this period.

Radiation Biology

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

Specific projects in this period have studied yeast cells,
human white blood cells in short-term culture, human fibroblasts in
long-term culture, mice, rats and human populations; other work has
dealt with recombinant DNA technology.

(1) Yeast cells have been used to study the effect of oxygen
levels on the induction of radiation resistance by low levels
of radiation. (2) White cells have been used to study DNA
damage by tumor promotors and a known human carcinogen, and
for development of a screening procedure for detecting
radiosensitive individuals. (3) Human fibroblasts from
normal and cancer-prone individuals have been used in the
study of hyperthermia, DNA damage products after UV and
Y-irradiation, and treatment by chemicals such as mitomycin C,
me thylnitrosourea and methylnitronitrosoguanidine. New
insight into the mechanism by which pyrimidine dimers are
excised in normal cells has been obtained by study of abnormal
cell lines, complementation groups A, D, F and G of XP cells.
Methyltransferase acceptor protein (from O^-MeG adducts in
DNA) has been studied in a fetal fibroblast line. A more
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rapid assay for estimating cytotoxicity is being developed.
(4) Mice have been used for screening carcinogens, for
testing a model for skin tumor promotion and for searching for
mitotic recombination; rats have been used to study dose-rate
effects of ionizing radiation on induction of breast cancer.
(5) Human populations have been examined for excess lung
cancer in uranium miners and the follow-up study of past CRNL
employees continues. (6) Recombinant DNA technology has been
used to prepare plasmids containing multiple inserts of large
and small genes, and to develop plasmids containing specific
lesions for DNA repair studies.

Biomedical Research

The experiment to measure the fraction of HT inhaled by
volunteers that is converted to HTO in vivo is progressing
satisfactorily. Results obtained from exposures to rats were in
good agreement with predicted vcalues, and results from a
preliminary human exposure also agreed well with predictions.

An experiment to measure the LET dependence of gene conversion
in yeast for LET between 0.26 and 7.5 keV/^m has been completed.
This range of LET covers the range (including that of tritium)
normally found in occupational exposures to low LEX radiation. No
significant difference in the yield gene convertants per unit dose
was observed.
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1.1 Publications

A.M. Marko and D.K. Myers - "The Effects of Ionizing
Radiation and Review of the Young-Woollard Document".
Atomic Energy of Canada Limited, Report AECL-8061, 1983
April.

M.M. Werner, D.K. Myers, A.M. Marko and D.P. Morrison -
"Follow-up of Employees Involved in Clean-up Operations at
Research Reactors in Chalk River in 1953 and 1958".
Proceedings of the IAEA International Symposium on
Biological Effects of Low-Level Radiation, Venice, Italy,
1983 April 11-15.

1.2 Verbal Presentations

"Underlying Research - CRNL Biology", presentation to the R&D
Program Committee, CRNL, 1983 January 20.

Visit of Federal Government Personnel, CRNL, 1983
January 28.

"Two Possible Occupationally Radiation-Induced Cancers at the
Chalk River Nuclear Laboratories", luncheon speaker,
Nuclear Insurance Issues Conference (AIF), Washington,
D.C., 1983 February 13-16.

Visit of Members of 2 Field Ambulance, Department of National
Defence, CFB Petawawa, CRNL, 1983 February 22.

Visit of Dr. L. Simminovitch, Hospital for Sick Children,
Toronto, CRNL, 1983 February 28.

Visit of Dr. B. Lentle, Ottawa Civic Hospital, CRNL,
1983 March 17.

"Program Overview - Research", presentation to Dr. James A.
Brooks, Minister (Commercial) Australian High Commission,
Ottawa - CRNL 1983 April 22.

"CRNL Research", presentation to Mr. Dan B. Robinson,
Executive Vice-President , Finance, Commercial and
Resources, CANDU Operations - CRNL, 1983 April 22.

Presentation to Renfrew County Lung Association, Pembroke,
Ontario, 1983 May 18.

"Overview of Health Sciences Program", presentation to
Dr. P.S. Han, KAERI - CRNL, 1983 June 23.
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1.2 Verbal Presentations (cont'd)

"Life Sciences", presentation to Wassim H. Sader,
Hydro-Quebec - CRNL, 1983 June 29.

"Overview of Health Sciences Division", presentation to
Dr. H.G. Ebert, Commission of the European Communities -
CRNL, 1983 July 25.

Visit of Mrs. Alice Doi, Eldorado Nuclear, Blind River,
Ontario - CRNL, 1983 August 9-11.

Visit of U.S. NCI Personnel - CRNL, 1983 August 22.

"Overview of Health Sciences Division", presentation to
Dr. Yong-Kyu Lim, Standing Commissioner, Korean Atomic
Energy Commission - CRNL, 1983 September 19.

"Radiation Risks and Standards", presentation to 25th Annual
Radiation Protection Course - CRNL, 1983 October 3-7.

Visit of Messrs. R. Champagne, R.D. Hay, C. Montaux,
J. Mullie, Tektrend Group Inc., - CRNL, 1983 October 19.

"Overview of Health Sciences Division", presentation to
Dr. Nairn Afgan, Dr. Milena Matausek, Dr. Ourad Satic,
Dr. Dusan Spasojevic, Boris Kidric Institute, Yugoslavia -
CRNL, 1983 November 2.

Visit of Brian Berube1 and Charlotte Gray, Canadian Medicel
Association Journal, Ottawa - CRNL, 1983 November 15.

"Overview of Health Sciences Division", presentation to
Dr. R. Uffen, Ministry of State for Science & Technology -
CRNL, 1983 December 13.
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2. Health Physics Branch

by

G. Cowper

2.1 Staff

2.2 Neutron Dosimetry

2.2.1 Registration cf Low Energy Proton Tracks in
CR-39 Plastic

2.2.2 Studies in Bubble Damage Polymer Detectors
2.2.3 Microcomputer-based Transportable Neutron

Spectrometer
2.2.4 Performance of n/y Discriminator
2.2.5 Response of Bonner-Sphere Spectrometers to

Neutrons of Various Energies
2.2.6 Monte Carlo Calculations of Thermal Neutron

Transport
2.2.7 Neutron Spectroscopy
2.2.8 Quality Factors for Monoenergetic Neutrons

2.3 Thenrijluminescence Dosimetry

2.3.1 Automatic TLD Reader AEP-5256B
2.3.2 TLD Dose Calculator
2.3.3 Digital Glow-Curve Plotter
2.3.A New Personnel Dosimeter Plaques
2.3.5 Testing of Quality Assurance Criteria Proposed

in AECL-7095
2.3.6 Investigation of TLD-Reader Heating and

Temperature Monitoring

2.4 Measurements of y- and g-Sensitivity of MOSFET Detectors

2.5 Tritium Monitoring

2.5.1 Portable Tritium-in-Air Monitor, AEP/5321/Scintrex 209
2.5.2 Portable Noble-Gas-Compensated Tritium Monitor,

AEP-5351
2.5.3 HTO Measurements by a Flow Modulation Technique
2.5.4 Discriminating Tritium-in-Air Monitor
2.5.5 Tritium Area Monitor
2.5.6 HT Conversion in vivo
2.5.7 Tritium Microdosimetry

2.6 Stack Effluent Monitor

2.6.1 Processor/Controller
2.6.2 Mass Flow Controllers
2.6.3 Filter Change System
2.6.4 Noble Gas Detector
2.6.5 Particulate Detectors
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2.7 Measurement of Effective Dose Equivalent using Two
Dosimeters

2.8 Radiation Instrument Developments

2.8.1 Beta-Dose Rate Meter, AEP-5337A.B
2.8.2 Airborne 3-Particulate Monitor, AEP-">331
2.8.3 Back-Lighted Liquid-Crystal Displays

2.9 Radiation Dose Monitoring

2.9.1 Radiation Dose Recording
2.9.2 Body Radiation Doses
2.9.3 Hand Radiation Dose3

2.10 Publications and Presentations

2.10.1 Publications
2.10.2 Presentations
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2.1 STAFF

Branch Head
Secretary

G. Cowper
N.L. Hayward

W.G. Cross
H. Ing

A.R. Jones

R.G.C. McElroy

R.M. Holford

Draftsmen

Personnel Monitoring

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

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

Assistants: M. Wood
R.A. Surette

Assistant: L.W. Shankland(l)

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

J.M. Vincent
T. Romanis zyn

(1) Transferred to Accelerator Physics August 22, 1983.
(2) On loan from Drawing Office.

National Summer Students

S. Allen, supervisor R.G.C. McElroy, terminated August 17, 1983.

C. Campbell, supervisor H. Ing, terminated August 31, 1983.

Local Summer Student

J. Anderson, supervisor A.R. Jones, terminated September 2, 1983.

Waterloo Student

D.D. Pecena, supervisor A.R. Jones, arrived August 29, 1983.
D.D. Pecena, supervisor A.R. Jones, terminated December 23, 1983.
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2.2 NEUTRON DOSIMETRY

2.2.1 Registration of Low Energy Proton Tracks in CR-39 Plastic
W.G. Cross, A. Arneja and H. Ing

Reduction of the energy threshold at which neutrons
are detected is currently a major goal for personal
neutron dosimeters. While the usual limit of CR-39
detectors is about 150 keV, Tommasino has recently
reported that this can be reduced to 25 keV by improved
etching techniques(1). However, it is not certain
that his filtered neutron beams used were free from
contaminant neutrons of higher energies. To check this
detection limit we are studying the response of CR-39 to
incident monoenergetic protons, for which there can be no
question about the maximum energy.

The CR-39 is exposed directly to a proton beam from a
Cockcroft-Walton accelerator. The difficulty is to obtain
stable proton currents as low as 10~15 A from an ion source.
We are attempting to do this primarily by reducing the
hydrogen content of the gas in the source. A crossed-field
electrostatic and magnetic filter and a collimation system
were built to remove ions of mass >1 from the beam. So far,
proton beams down to 1 pA can be controlled, but at lower
currents the output is unstable.

The CR-39 is etched electrochemically at 60°C, without
pre-etching. We have demonstrated that protons down to
50 keV can be detected, but the efficiency appears to be
several times lower than at 150 keV.

2.2.2 Studies on Bubble Damage Polymer Detectors
H. Ing and H.C. Birnboim

Based on earlier exploratory work (PR-HS-15), two
particular types of detectors using a 50-50 mixture of
freon-12 and freon-114 as the dispersed detector liquid
in a polymer medium(made with either 7% or 20% acrylamide
solution) were studied. The 7% acrylamide gives an
elastic medium while the 20% gives a much firmer medium.

In the elastic polymer, bubbles formed by neutron
interactions develop quickly, to achieve an equilibrium
size (M mm diameter) in about 20 minutes. They then
remain apparently unchanged for a period of about 3 weeks
before gradually shrinking in size. Bubbles in the firm

'L. Tommasino, Twelfth International Conference on Solid
State Nuclear Track Detectors, Acapulco, September 1983.
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polymer develop to about 1 ram diameter over about 2 hours
and then flatten out to form "flakes" in less than 24
hours. These flakes remain stable for several weeks
before slowly fading. The formation of flakes is
attributed to local fracturing of the firm medium under
bubble expansion. This phenomenon does not seem to occur
for the elastic medium.

Experiments were done to determine whether these two
types of detectors exhibit a difference in their neutron
detection sensitivity. Detectors of both types (containing
the same volume of detector liquid) gave the same reading
(bubbles per mrem) to within the uncertainty of the
measurements (^±20%).

The sensitivity of these detectors versus volume of
dispersed detector liquid was determined. Detectors
consisting of 2 cm3 of polymer containing 0, 0.5, 1.0,
5.0, 10, 20, 50 and 100 pi, of dispersed detector liquid
were made and irradiated with Pu-Be neutrons. As expected,
the sensitivity of the detector containing the largest
volume of detector liquid (100 yL) was the highest (3.2
bubbles per mrem) and the: sensitivity decreased as the total
volume of dispersed droplets decreased. However, it was
surprising that the response for the detectors containing
no dispersed detector liquid was not zero. The response, R
was constant for volumes of dispersed detector liquid (at
about 0.015 bubbles per mrem) from 0 to about 5 yL.
Between 10 yL and 100 yL, the response could be approximated
by the expression

R = 5.5 x 10"" V1-88,

where V is the volume of dispersed detector liquid in yL.

The observed response with no dispersed detector liquid
(regarded as background response) has been attributed to
the detector liquid overlay, used during polymerization and
storage. It appears that this overlay acts as a radiation
sensitizer when present during polymerization. Experiments
were done on detectors prepared with and without the overlay
during polymerization. The detectors without the overlay
(Type A) showed no subsequent sensitivity to neutrons
whereas those containing the overlay during polymerization
(Type B) gave the usual background response. When these
detectors (after polymerization) were further pressurized
by a more sensitive detector liquid for a couple of days
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before use, Type A detectors still showed no response
to neutrons while Type B detectors showed a much higher
response than obtained earlier. These results have
provided new insight into the behaviour of bubble damage
polymer detectors and have indicated new (and possibly
better) methods of preparing such detectors.

A patent on this type of neutron detector has been
filed with the Canadian Patent Office and a proposal for
funding to expand these studies has been submitted to
Supply and Services Canada.

2.2.3 Microcomputer-based Transportable Neutron Spectrometer
H. Ing, W.G. Cross and P.J. Bunge

The software development to allow for unfolding of
spectral data within the spectrometer from the four
hydrogenous proportional counters of the transportable
neutron spectrometer is completed. On the push of a
button, spectral data from all the counters can now be
transferred into a microprocessor and be unfolded, using
a FORTRAN version of SPEC4 which is stored in ROM. The
four unfolded spectra can be displayed on the analyzer
screen for visual examination prior to print-out or storage
on cassette tape.

In order to set up optimal spectral parameters for the
unfolding code using actual data, the program for the
"EPROM programmer" was rewritten. The earlier program
took about a day to write ("burn") SPEC4 into ROM each
time a modification was made to the spectral parameter.
The new EPROM program which replaces the serial data
transfer by a parallel data transfer and incorporates
other time saving features, reduces the time for burning
SPEC4 into ROM to about 30 minutes.

A second identical microprocessor unit for the
transportable spectrometer has been built. This unit
allows changes to programs to be made and checked when
the spectrometer is being used elsewhere.

2.2.4 Performance of n/y Discriminator
H. Ing, W.G. Cross and C.K. Campbell*

The use of scintillation spectrometers to measure
neutrons requires rejection of y-rays. An n/y discriminator
assembled from modular electronics has been used for many
years with such a spectrometer in CRNL (PR-B-122). Operating
experience has indicated that this discriminator allows

*National Summer Student
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measurements of neutron spectra down to 1.5 MeV.

In order to assess the performance of our n/y
discriminator relative to commercial units, measurements
were made of the fraction of 6iCo gamma rays appearing in
the neutron channel, for various lower energy limits of
neutron detection. A small stilbene crystal was used as
the scintillator as well as the commonly-used 5 x 5 cm NE-213
detector. For the stilbene crystal the y "feed-through"
was roughly constant (at about 0.015%) when the discriminator
was set to reject neutrons down to 0.6 MeV and then rises
sharply below this energy. In going from 0.6 MeV to 0.4 MeV,
the feed-through increases by an order of magnitude- For
the large NE-213 scintillator, the y feed-through rises
sharply below about 1 MeV and its value at about 1 MeV is
0.035%. These results indicate that our earlier operation
of the discriminator at a limit of about 1.2 MeV with the
NE-213 detector was close to its optimal setting.

Preliminary data obtained with identical measurements
using commercial discriminators by Link and Canberra indicate
that our modular discriminator provides better n/y
discrimination.

2.2.5 Response of Bonner-Sphere Spectrometers to Neutrons of
Various Energies
W.G. Cross, H. Ing and N.O. Freedman

Bonner sphere spectrometers, despite their poor energy
resolution and other disadvantages, remain the most widely-
used method of measuring neutron spectra in working areas
around reactors. Reliable results from such spectrometers
depend critically upon knowing their response functions,
i.e., the detection efficiency of each sphere as a function
of the energy of monoenergetic neutrons. These responses
are usually calculated by the discrete ordinates method.
The results of different authors vary by up to 30%, even
when the same computer code is used, and most calculated
efficiencies are considerably higher than those which have
been measured.

To check which of the several sets of response functions
is most nearly correct, we have calculated the responses at
7 or 8 energies for spheres up to 8 inches in diameter, using
a Monte Carlo code. The Monte Carlo method permits much
more realistic simulation of the detector geometry than can
be handled by discrete ordinates methods, but has the dis-
advantage that computing times are very long. For each
energy and sphere size, between 200,000 and 1.6 million
neutrons were followed, giving statistical errors of 2 to
4.5% in the efficiencies. Cross sections were taken from
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the ENDF/B-V library. For most calculations the simulated
thermal neutron detector was a cylinder of Lil, 4 mm in
diameter and 4 mm long, as is used in practice, rather
than the spherical Lil detector as always assumed in
discrete ordinates calculations.

The difference between the cylindrical detector and its
spherical "equivalent" was found to be not more than a few
percent, contrary to the calculated results of Caizergues
and Poullot(l). Our efficiencies for Bonner spheres, in
comparison with the widely used values for Sanna^), agree
for small spheres but are 7% and 20% lower near the peaks
of the responses for 5-inch and 8-inch spheres. All our
efficiencies are substantially above those measured, in
common with most other calculations.

2.2.6 Monte Carlo Calculations of Thermal Neutron Transport
W.G. Cross, H. Ing and N.O. Freedman

In neutron transport calculations it is common to
treat thermal neutrons as a single energy group and to
assume that they are scattered isotropically in the
laboratory system. To compensate for the actual
anisotropic scattering, the scattering mean free path is
replaced by the transport MFP as the average distance
between collisions in a Monte Carlo calculation. We tested
the accuracy of this approximation for the radial fluence
distribution in water around a point source of thermal
neutrons. Experimental results in water are closely fitted
by diffusion theory (sufficiently far from the source and
from boundaries) with a_ diffusion length (L) of 2.72 cm and
a diffusion constant (D) of 0.142 cm. The transport and
absorption cross sections derived from these values were
used in a Monte Carlo calculation of the distribution.

The calculated results followed diffusion theory (and
thus experimental values) between 3 and 21 cm from the
source to within 6%, confirming that the use of the
transport MFP gives reasonably close agreement with experiment.

'R. Caizergues and G. Poullot, Report CEA-R-4400, CEA,
Cadarache, 1972.

;R.S. Sanna, Report HASL-267, USAEC, Health and Safety
Laboratory, New York, 1973.
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2.2.7 Neutron Spectrometry
W.G. Cross and H. Ing

A chapter on this topic is being prepared for Volume
II of "Techniques in Radiation Dosimetry" (K. Kase,
B. Bjarngard and F. Attix, eds.), to be published by
Academic Press. It outlines the general capabilities
and limitations of neutron spectrometers for use in
dosimetry, describes all the commonly-used spectrometers,
discusses the various unfolding techniques and methods of
spectrometer calibration, and illustrates the spectral
shapes likely to be encountered around radioactive sources,
accelerators, critical assemblies and reactors. The final
draft of the manuscript is in preparation.

2.2.8 Quality Factors for Monoenergetic Neutrons
W.G. Cross and H. Ing

A paper on this topic (PR-HS-13) has been accepted for
publication in Radiation Research.

2.3 THERMOLUMINESCENCE DOSIMETRY

2.3.1 Automatic TLD Reader AEP-5256B
A.R. Jones ans W.F. Richter

The new CRNL TLD System (Automatic TLD reader and
various TLD plaques) was demonstrated at the commercial
exhibition associated with the Seventh International
Conference on Solid State Dosimetry, Ottawa, September 27-
30, 1983.

2.3.2 TLD Dose-Calculator
A.R. Jones, W.F. Richter, R.M. Holford

The operating system of the RCA development system has
been modified to permit use of 3h" discs.

Hardware for the dose calculator has been built. This
includes power supplies, disc driver, with controller and
the CPU board equipped with interface.

The software is nearly complete and ready for testing.

(a) Change to Floating-Point Arithmetic System
R.M. Holford

Since the range of numbers to be handled by the
TLD dose-calculator is potentially quite wide, floating-point
arithmetic seems to be the most appropriate method to use in
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the calculations. A package of floating-point subroutines
provided by RCA was found to be unsuitable because of its
slowness and its improper use of the 'stack1. An
alternative set of routines has now been written and it
will carry out some additional functions to give greater
flexibility. Worst-case execution times have been improved
by a factor of at least ten, and in most cases results
are accurate to the full 24 bits of the mantissa, whereas
the original arrangements could claim only 17-bit accuracy.

(b) Disc-based Local Calibration File
R.M. Holford and W. Richter

A local copy of the file of calibration factors
for the TLD chips is required in order to carry out the
dose-calibration calculation for the dosimetry readings.
A Sony 3^-inch magnetic disc will be used for this purpose
since it is compact, fast, relatively robust and has
sufficient capacity and an efficient storage format for
the calibration factor file has been devised and tested.
This format uses 8 bytes per plaque. Four bytes hold a
compressed form of the Identification Number; the other
four hold the two calibration factors (multiplied by 1000)
as 16-bit integers. This format is similar to that
currently being used on the CRNL Main Computer, and should
produce identical results. The discs can hold up to 630
sectors, each of 512 bytes, giving a maximum capacity of
about 40,000 entries. The first 8 bytes on the disc will
contain an identification record and the creation date of
the file. An index will be maintained within the memory
of the microcomputer to allow it to load the correct disc
sector for any given plaque identification number, thus
limiting disc access to once per plaque and avoiding delays
in the TLD readout cycle.

2.3.3 Digital Glow-Curve Plotter
R.M. Holford and T. Romaniszyn

This unit will probably be Implemented using a COSMAC
Microcomputer assembled, as far as possible, from commercial
printed-circuit boards. Design work has begun on two boards
that are not available. One will hold up to four COSMAC
multiply/divide units, to speed up processing in areas such
as scaling of values for plotting and digital filtering and
the other will hold a 24-bit high-speed sealer with latched
outputs, for accumulating the incoming pulses from the TLD
reader at up to 10 MHz.
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2.3.4 New Personnel Dosimeter Plaques
A.R. Jones

Eight thousand new dosimeter plaques were calibrated
against a set of reference dosimeters.

The reference set of 160 dosimeters was uniformly
exposed to y~rays and their relative sensitivities
determined. The remaining TLD plaques were uniformly
exposed in sets of 160 each containing 4 of these reference
TLDs against which the others were compared. This system
of calibration only requires uniformity of irradiation
without establishing the irradiation level and uniform
radiation is obtained by mounting TLDs in a carousel which
rotates in the photon beam.

2.3.5 Testing of the Quality Assurance Criteria Proposed in
AECL-7095*

Wernli* proposed the mounting of a single TLD behind
the plaque-mounted TLD in a dosimetry badge and a comparison
of the three month plaque reading with the sum of the
readings of the dosimeters worn for two week intervals
in the same period.

From these readings a set of test criteria were
derived.

If y^ is the dose measured with the Quality Assurance
TLD exposed over a 3-month period and x^ is the sum of the
doses measured with the TLD plaque then the following
should be true of each QA-TLD/TLD plaque pair.

Dose Range Test Quantity Expected Range

<150 mrad y^ - x± -30 to 58 mrad

>150 mrad (y± - 14) T X± 0.8 to 1.3

This procedure was tested with a total of 56 TLDs
in two series. In the two series it was found that:

y = (1.02 + .03)x + 2 ± 3

and y = (1.14 + .04)x - 1 + 3 .

*A Comparison of the Performance of Plaque-Mounted and
Unmounted TLDs Carried in a Personnel Dosimetry Badge
by C. Wernli. September 1980. AECL-7095.
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The tests suggest that the test criteria are
applicable. The TLDs formerly used in the old TLD
plaques will be available for use as quality control
dosimeters. Once installed for this purpose they
will provide a useful back-up on any occasion when
the normal plaque dosimeter reading is not available
or is doubted.

For these quality control/back-up functions to
be complete all badges should be loaded with the
unmounted TLD. However, for quality control purposes
only a small number of the total dosimeters will
actually be read at three-month intervals. It was
therefore desirable to determine whether those not
selected for measurement could be annealed easily and
adequately in large batches every three months. A
sample number were oven-annealed at 250°C for 10 minutes
and they were found to behave similarly to those whose
anneal had been carried out during reading in the ATLAS
reader, with the following results:

Mean reading in Standard deviation
mR in mR

TLDs annealed 3.19 0.76
in the oven

TLDs after read-
out in the ATLAS 3.46 0.65
reader

It can be concluded therefore that an adequate
quality control and back-up system can be implemented
simply by the addition of an unmounted TLD chip to
the badge holder.

2.3.6 Investigation of TLD-Reader Heating and Temperature
Monitoring
A.R. Jones

In the automatic TLD reader designed, and in use,
at CRNL the TLDs are heated by contact with a constant
temperature metal block and the heating is monitored and
ended by measuring the colder surface of the TLD with
a miniature thermocouple. This thermocouple is probably
the least reliable component of the reader so it was
decided to examine the following options.
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- measurement of the TLD temperature using its infra-red'
output and a silicon diode

- measurement of the TLD temperature by examination of the
glow curve

- heating of the TLD using a flash-lamp and a silicon
filter (to block the optical component)

- heating of the TLD using the 10.6 ym light from a C02

laser.

The infra-red pyrometry, with a silicon diode, proved
to lack the requisite sensitivity for a temperature of
200°C.

Glow curve analysis could not be relied upon if the
dose is below 0.2 mSv. Unfortunately (for this purpose),
the. majority of doses measured at CRNL are below 0.2 mSv.

Heating of the TLD with a flash-lamp would require
re-design of the TLD. A black substrate would be needed.
Unfortunately a very large fraction of the capital cost
is tied up in TLDs and not TLD readers.

The use of a CO2 laser might result in improved
performance although the reader would need extensive
redesign. For example, the infra-red light would have
to fall on the same surface of the TLD as is viewed by
the photomultiplier tube. It would, however, result in
more uniform heating and the laser power requirements would
be moderate. (Only 5 watts of beam power is required).

Taking into consideration that the various options
considered probably involve unforeseen problems it would
probably be wiser to leave the design of the existing
reader and TLD plaque unchanged.

2.4 MEASUREMENTS OF y- and g-SENSITIVITY OF MOSFET DETECTORS
A.R. Jones

Ten detectors were exposed to y- and $-rays of varying
energy and their response measured. They were specially
constructed for the experiment with thin windows (7 mg/cm2).
The sensitive region of SiO2 is very thin (0.1 ym) and
covered by thin aluminum layer (0.2 ym). These layers were
at the surface of a silicon slab, 150 ym thick mounted on
kovar. Because of this construction, the detector would be
expected to absorb 3~rays in the same way as in infinitely
thin slabs 7 mg/cm2 below the surface and, therefore,
approximate to an 'ideal' 3-dosiraeter.
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In fact, the response of the detector to B-ra .*• of
different energy was more consistent with energy
absorbed throughout the silicon slab. This type of
energy dependence may be useful but it is not consistent
with theory.

The Y~ray response also was inconsistent with a
silicon detector but this may have been due to the
presence of high Z materials in the construction.

The response of the detectors is quite stable and,
once calibrated, they show a standard deviation of only
1.1% for repeated exposures to 30Sr/90Y $-rays at the
100 rad level.

The sensitivity is quite low (̂ 1 mV/rad shift in
threshold voltage) and they are inconvenient to use.

However, they can be used in two separate ways:
- passively
- connected to a monitoring circuit to permit measurement
of integrated dose as it is accumulated.

In this form the detectors cannot be re-zeroed after
use.

2.5 TRITIUM MONITORING

2.5.1 Portable Tritium-in-Air Monitor, AEP-5321/Scintrex 209
R.G.C. McElroy and M.J. Wood

Two Scintrex 209 portable tritium monitors were
b^.efly exa-nined in the previous half year. During the
present reporting period, we had the opportunity to
examine one in somewhat more detail. This examination
has reinforced our previous conclusion that the monitor
is rugged, reliable and well designed.

Ontario Hydro has also been examining and evaluating
this monitor. We will be meeting with Ontario Hydro
early in the new year to learn of and discuss their
findings.

2.5.2 Portable Noble-Gas Compensated Tritium Monitor, AEP-5351
R.G.C. McElroy and M.J. Wood

No further development work on this monitor was done
in this period. However, this monitor has been identified
for use in the Chalk River Tritium Extraction Plant and the
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Radiation and Industrial Safety Branch has committed
itself to purchasing a Scintrex 209 tritium monitor which
we will modify to compensate against non-oxidized tritium.

2.5.3 HTO Measurements by a Flow Modulation Technique
R.A. Surette, R.G.C. McElroy and M.J. Wood

An electrometer based upon the AEP-5321 design, but
with a digital output has been designed, built and tested.
This electrometer will be used, both in this mopitor and
in the discriminating tritium-in-air monitor.

We have begun, but not yet completed the writing of
the controlling software for this electrometer and monitor.

2.5.4 Discriminating Tritium-in-Air Monitor
R.G.C. McElroy and R.A. Surette

In co-operation with the Electronics Branch, a fully
engineered version of this monitor has been designed. This
project was jointly sponsored by AECL and the Canadian Fusion
Fuels Technology Project. A report documenting this phase
of the project has been submitted to the CFFTP to complete
Phase I.

Phase II, involving the construction of 2 (or perhaps 3)
of these monitors will be begun when approval is received
from CFFTP.

One of these monitors is destined to be used in the
CRNL Tritium Extraction Plant.

2.5.5 Tritium Area Monitor
R.G.C. McElroy, M.J. Wood and R.A. Surette

Work has begun on the design of a general purpose
tritium area monitor. The specific application of this
monitor will be in the Chalk River Tritium Extraction
Plant and the Tritium Laboratory in the Chemical Engineering
Branch but the design is general enough for a much wider
application.

The tritium monitor will consist of three separate units.
These are: a flow system, a detector assembly, and a display
and control unit. The guiding philosophy in the design was
to keep things as simple and as general as possible. Much
of the design of this monitor overlaps with the discriminating
tritium monitor.
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The flow system will be built to suit each-
particular requirement.

The detector assembly is based upon previously proven
technology. The ion chambers are similar to those used
in the AEP-5215 and the electrometer is based upon that in
the AEP-5321.

The control and display unit is new and is micro-
processor based. It will be assembled from commercially
available circuit boards.

We plan to license the commercial manufacture of this
monitor. Some preliminary discussions have occurred.

2.5.6 HT Conversion in vivo
R.G.C. McElroy, R.A. Surette and M.J. Wood

This project is designed to study the conversion of
HT to HTO in vivo. It is being performed in cooperation
with the Biomedical Research Branch.

Our primary responsibility has been to design, build
and test the necessary tritium monitors for the safe and
accurate performance of this experiment. To this end, we
have built two ion chamber assemblies and two general
purpose electrometer assemblies with displays. The ion
chambers were of a co-axial design, with built-in ion
traps, and with an effective volume of 0.8 L. The
electrometers were based on the AEP-5321 design with a
maximum current measuring capability of 20 nA. The useful
measuring range of the combined instrument was up to about
1012 Bq/m3 with a resolution of about 5 x 10s Bq/m3. At
mid-range, the recombination losses were less than 5%.

For indicating lower concentrations and general room
monitoring an AEP-5321 or a Scintrex 209 was used.

The preliminary experiment on rats has been completed
and the first human exposures have begun.
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2.5.7 Tritium Microdosimetry
S.E. Allen* and R.G.C. McElroy

We have started to develop a series of computer
programs to calculate the dose to small (10 pm diameter
and less) volumes from contained 3-emitters. These
programs will be used to model energy deposition within
a cell nucleus from contained tritium and to calculate
the various associated microdosimetric quantities
such as the linear energy and the specific energy.

The first program assumes a uniform distribution
of $-emitters within the volume and calculates energy
deposition using the continuous slowing down approximation.
It makes use of 3-spectra previously calculated by
Cross et al (AECL-7617) and the range energy relation-
ships given in ICRU-16. The primary uncertainty in
the calculation is the relationship between range,
path length and energy loss for low energy electrons -
energies less than about 10 keV. By assuming that
range and path length are proportional for the beta
rays of tritium, we have been able to get reasonable
agreement with some available experimental data
(W.H. Ellet and L.A. Braby, Radiat. Res. _5JU 229
(1972)) and some recent Monte Carlo calculations by
J. Booz and H.G. Paretzke (EUR8712 EN). However,
a more satisfactory method of evaluating the low
energy range-energy relationship is necessary
before these calculations can be applied with
confidence.

2.6 STACK EFFLUENT MONITOR

2.6.1 Processor/Controller
A.R. Jones and A. Ohno

While operating the processor/controller in the
laboratory one software fault (resulting in improper
positioning of the test source) and one hardware
(fan failure) fault were noted and corrections have
been made by the manufacturer.

*National Summer Student



- 26 -

2.6.2 Mass-Flow Controllers
R.M. Holford and T. Romaniszyn

Four mass-flow controllers are required for the
particulate and iodine sections of the stack monitor.
Two will establish flow-rates of about 20 L/min for
the sampled air passing through the particulate detectors
and the low-level iodine detector and will establish
lower flow rates (̂ 200 mL/min and ^20 mL/min) for the
medium-level and high-level iodine detectors. A dual-
channel controller was purchased for the high flow-rate
requirement, and two single-channel controllers for the
low flow-rate requirements and these have bean combined
to provide a four-channel unit. The flow rates are
individually adjustable and can be set either to fixed
values or to a constant proportion of an external
signal from the stack flow transducer.

2.6.3 Filter Change System
R.A. Surette, R.M. Holford, B.A. MacDonald and R.G.C.
McElroy

The design of the filter change system has been
completed. Each detector assembly will be served by
its own rotary filter changer. The turntable will rotate
among three separate positions. In the first position
the filter will be under the counter. In the second
position the standard source will be uader the counter
and the used filter at the filter disposal location. In
the third position, a new filter is loaded into the
turntable.

The five turntables, and the flow control valves
will be under the control of an intelligent local
controller. This local controller, which will interface
to the main controlling computer, will be built of
commercial "Std Bus" boards.

Much of the electronics and hardware for the entire
system has been ordered. The detailed construction
drawings is almost complete with submission to the
workshops scheduled for early January.

Punching of an equipment-lifetime supply of charcoal-
loaded and plain filter discs which will be moulded into
the plastic holders for the iodine and particulate monitors
is proceeding in workshops.
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2.6.4 Noble Gas Detector
A.R. Jones, A. Ohno and W. Richter

The components of the detector have been built.
These include:

- sample chambers and energy-compensated GM counters
- printed circuit boards for High Voltage Supply and

dead-time compensation
- lead shielding
- test source operated to test each detector routinely.

2.6.5 Particulate Detectors
R.M. Holford and L.W. Shankland

The re-designed pre-amplifier/scaler printed circuit
board was assembled and tested. A problem with high-
frequency (parasitic) oscillations required some
further modifications of the circuit design and lay-out.
Otherwise, the board performed as expected and appears
to be useable at rates up to 10s per second, provided
dead-time correction is applied by the Sonotek controller.

2.7 MEASUREMENT OF EFFECTIVE DOSE EQUIVALENT USING TWO DOSIMETERS
A.R. Jones

Laboratory experiments have shown that serious errors
in the estimation of effective dose equivalent, H E can
occur if a single personal dosimeter is worn at the front
and the wearer is irradiated from behind(l). The question
then arises: If two dosimeters are worn, one at the front
and one at the back, can the results obtained be used for
estimating Hg without knowledge of the energy and direction
of the y-r

Study of the laboratory data(l) and the development of
an empirical technique for computing Hg shows that this
is possible.

If the readings of the two dosimeters are combined
appropriately then in the case of mainly frontal exposure
to photons of energy >50 keV, H E can be estimated within
±7% and if exposure is from behind or all around, Hg can
be estimated within ±5%. These results assume that the
dosimeter itself, i.e., not worn on the body has a response

' External Gamma Dosimetry in the Light of ICRP26 by
A.R. Jones and R. Marsolais. p. 659, Transactions
of the American Nuclear Society _32̂  1979.
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which is independent of the energy or direction of the
radiation.

Thus, if a worker is likely to receive significant
exposures in radiation fields of unknown direction, there
is an advantage to wearing two dosimeters.

2.8 RADIATION INSTRUMENT DEVELOPMENTS

2.8.1 Beta-Dose Rate Meter, AEP-5337
A.R. Jones, W. Richter and A. Ohno

A prototype AEP-5337 A/B has been built and tested.
To obtain greater sensitivity than the AEP-5337 it differs
only in having a different printed circuit board to
accommodate a chopper-stabilized amplifier.

The tests showed a drift of 1.8 mrem/h/°C for
temperatures up to 40°C. Above 40°C the drift increases
in a non-linear fashion. Humidity effects were not
detectable at 90%, or lower.

The instrument uses a 9 V transistor battery which is
continuously monitored. At 6 V the monitor indicates that
a battery change is needed. Above 6 V there is no
detectable dependence on battery voltage. An ordinary
carbon battery gives a life of about 200 h.

The monitor is relatively large to provide protection
to the user's hand. A miniature version, for measuring
Y-rays could be designed.

2.8.2 Airborne g-Particulate Monitor, AEP-5331
A.R. Jones, W. Richter and A. Ohno

Mechanical design is complete. Parts have all been
fabricated except for printed circuit boards and the
sample head which is being provided by the R&IS Branch.

2.8.3 Back-Lighted Liquid-Crystal Displays
A.R. Jones and A. Ohno

Most of the recently designed portable health instruments
at CRNL have been equipped with liquid-crystal displays.
These displays are easily read under moderate to strong
lighting only.
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A modified version has been developed with back
lighting (powered by an independent battery) which is
switched on by a push-button so that it is not left on
unintentionally.

It is intended to introduce this design into existing
instruments where space allows.

2.9 RADIATION DOSE MONITORING

2.9.1 Radiation Dose Recording
R.M. Holford

A communication link has been established between
the WNRE VAX computer and the CRNL main computer system.
This link is working well and has significantly increased
the reliability of dosimetry data transmissions from
WNRE.

The interactive computer programs, which are used
to control the running of the various steps in our
fortnightly routine, have been modified to use the MMIK
subroutines recently made available by the CRNL
computing centre. This change should ensure future
maintainability of our programs.

2.9.2 Body Radiation Doses
J.M. Vincent and T. Romaniszyn

Since the last report (PR-HS-15) there has been one
whole-body radiation dose exceeding the 600-mrem two-
weekly administrative control limit, no skin dose
exceeding the 1600-mrem two-weekly administrative control
limit and no extremity dose exceeding the 4-rem two-weekly
administrative control limit.

In the fourteen-week period ending 1983 December 31
and in the calendar year to this date there were the
following distributions of radiation doses.
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CRNL - Whole-Body Dose

Dose Range
rem

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen

No. of
monitored
persons

337
2403
101
14
1
4
0
0
0
0

84

95

Weeks

Total
Dose
(rem)

0
148.37
65.86
15.53
1.62
9.15
0
0
0
0

mrem

mrem

Calendar Year

No. of
monitored
persons

47
2434
147
76
78
39
22
6
7
4

Total
Dose
(rem)

0
259.78
105.83
94.42
134.97
86.18
60.16
19.16
25.82
16.86

281 mrem

286 mrem
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Radiochemical Company - Whole-Body Dose

Dose Range
rem

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

178
288
3
0
0
0

Total
Dose
(rem)

0
19.00
2.45
0
0
0

46 mrem

74 mrem

Calendar Year

No. of
monitored
persons

97
336
28
5
3
0

Total
Dose
(rem)

0
35.82
18.48
6.27
5.03
0

140 mrem

176 tnrem
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Dose Ranse
renl

no radiation
0
0.50 -
1.00 -
1.50 -
2.00 -
2.50 -
3.00 -
3.50 -
4.00 -
4.50 -
5.00 -
5.50 -

Average

0.49
0.99
1.49
1.99
2.49
2.99
3.49
3.99
4.49
4.99
5.49
5.99

dose
per monitored
person

Average dose
per exposed
person

Fourteen

No. of
monitored
persons

337
2372
125
19
2
2
1
2
0
0
0
0
0

93

3.06

CRNL - Skin

Weeks

Total
Dose
(rem)

0
141.22
84.54
22.97
3.67
4.89
2.83
6.36
0
0
0
0
0

mrem

mrem

Dose

Calendar Year

No. of
monitored
persons

47
2419
136
89
72
41
30
8
6
6
3
2
1

Total
Dose
(rem)

0
258.04
96.97
108.44
123.83
90.21
82.05
25.98
21.50
25.25
14.22
10.35
5.79

302 mrem

307 mrem
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Dose Range

rem

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

Average dose
per monitored
person

Average dose
per exposed
person

Radiochemical Company -

Fourteen Weeks

No. of
monitored
persons

178
280
10
1
0
0
0

Total
Dose
(rem)

0
21.47
6.38
1.31
0
0
0

62 mrem

100 mrem

Skin Dose

Calendar Year

No. of
monitored
persons

97
316
32
17
3
3
1

Total
Dose
(rem)

0
34.63
22.40
19.77
5.23
6.70
2.89

195 mrem

246 mrem
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2.9.3 Hand Radiation Doses
J.M. Vincent and T. Romaniszyn

In the fourteen-week period ending 1983 December 31
and in the calendar year to this date the following
distributions of extremity doses were measured by
finger-tip TLDs.

Dose Range
rem

less than 0.99
1.00 - 1.99
2.00 - 2.99
3.00 - 3.99
A.00 - A.99
5.00 - 5.99
6.00 - 6.99

CRNL
Fourteen
Weeks

72
6
2
1
0
0
0

Calendar
Year

141
8
6
5
1
0
1

Radiochemical
Fourteen
Weeks

34
5
0
1
0
0
0

Company
Calendar
Year

41
10
4
3
1
0
0
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Course, CRNL, October 3-7, 1983.

H. Ing, "Bubble Damage Polymer Detectors" presented at
Seventh Meeting of the International Collaboration for
Advanced Neutron Sources (ICANS), CRNL, September 13-16,
1983.

H. Ing and H.C. Birnboim, "Detection of Neutrons by the
Vapourization of Superheated Liquid Droplets in the
Tracks of Recoil Particles", presented at 12th International
Conference on Solid State Nuclear Track Detectors,
September 4-10, 1983.

H. Ing and R.C. McCall, "Delayed Neutrons from the Cooling
Water of a GeV Electron Beam Dump", presented at 28th
Annual Meeting of Health Physics Society, June 19-23, 1983.

A.R. Jones, "A Machine Readable Dosimeter Plaque with a
MgB^O^cDy TLD and its Performance", presented at 7th
International Conference on Solid State Dosimetry,
Ottawa, September 27, 1983.

A.R. Jones, "External Dosimetry", seminar given at
Mcflaster University, November 9, 1983.

A.R. Jones, "Measurement of Radiation", presentation at
25th Annual Radiation Protection Course, CRNL, October
3, 1983.
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3. ENVIRONMENTAL RESEARCH BRANCH

by

R.V. Osborne

3.1 STAFF

3.2 INTRODUCTION

3.3 ENVIRONMENTAL PROCESSES AND TECHNIQUES

3.3.1 ENVIRONMENTAL FLUID DYNAMICS

- Studies on Heated Plumes
- Meteorological Support for Studies on Heated Plumes
- Snowmelt and Chemistry of Snowmelt Infiltration
- Lake Energy and Water Budget Studies
- Streamflow Generation Studies
- Dispersivity in Subsurface Flow
- Radiotracer Studies of Flow through Rock Fractures

3.3.2 ENVIRONMENTAL CHEMISTRY, GEOCHEMISTRY AND BIOCHEMISTRY
- Chemical Speciation of Contaminant Plumes at CRNL
- Nuclide Concentrations in Freshwaters
- Modelling of 3H and 85Sr Behaviour in Short "Field

Columns"
- Downhole Column Test with Long-Lived Radionuclides
- Controls on Radionuclide Sorption
- 51Cr-EDTA Core Column Experiments

3.3.3 BIOLOGY
- Microbiology of Groundwaters
- Biodeposition of Labelled Particulates by Filter-Feeders
- Bioaccumulation of Trace Metals in Lake Waters
- Stable Cobalt in Fish
- Radionuclide Cycling by Plants
- Temperature Effects on Stream Insects
- Movement of Radium in a Lacustrine Food Chain

3.A ASSESSMENT CRITERIA, TECHNIQUES AND IMPLEMENTATION

3.4.1 ASSESSMENT CRITERIA
- Radiological Considerations in the Management of Uranium Mill
Tailings

- Long-Term Radiation Protection Objectives for Radioactive
Waste Disposal

- Criteria for Waste Disposal at CRNL
- Principles for Establishing Limits for the Release of
Radioactive Materials into the Environment
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3.4.2 ASSF.RSMFNT TFCHNIOUES
- Dispersion of Accidental Peleases of Radionuclides to the
Atmosphere

- Thermal Imagery for Detecting Croundwater Discharge
- Lakebed ''Tiermometry for Detecting Groundwater Discbarge
- Uranium Series Disequilibrium in Groundwater Systems
- Bomb Tritium Dating of Flow in the Gloucester Landfill Site
- Organic Carbon Analysis (Gloucester Landfill Site)
- 3H and 1ZfC in Vegetation

3.4.3 RADIOLOGICAL SITF. DESCRIPTION AND POSF FSTIMATION
- Tritium in Surface Waters in the Vicinity of CRML
- Soil HTO in the Vicinity of the Tritium Removal Plant
- Nitrate Plant Plume
- Waste Management Area C
- T-.'aste Management Area B
- ^Co in Sediments of the Perch Lake Pasin

3.5 ANALYSIS AND MONITORING

3.5.1 INSTRUMENTS AND MFTHODS
- Standard Reference Samples
- Instrument Clean Room
- Determination of Water Ouality
- Standardization of Analytical Methods
- Speciation of Trace Metals
- Instrumentation for Industrial Flow Measurements Using
Radiotracers

- Development of Radiotracer Technology
- Transfer of Radiotracer Technology
- Flectronic Instrumentation

3.5.2 RADIOLOGICAL MONITORING RESULTS
- Gamma Exposure Rates near CRNL
- Radionuclides in Precipitation and the Ottawa River
- Radionuclides in Surface Water
- Padionuclides in 7,iquid Fffluents
- AlAr in the CRNL Stack Effluent Argon

3.5.3 MONITORING PROGRAMS AND SERVICES
- Environmental Research Branch Fmergency Procedures
- Staff Training for Emergency Response
- Fmergency Procedures - Computer Analyses
- CPNL Climatological Peport
- Meteorological Support of Hybrid Heating Experiment
- Canadian Air and Precipitation Monitoring Network (CAPMON)
- Hydrological Data at Perch Lake
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3.6 PAPKRS AND VERBAL PRESENTATIONS

3.6.1 PRESENTED PAPERS

3.6.2 LECTURES AND TALKS

3.6.3 PUBLICATIONS

3.6.4 REPORTS
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3.2 INTRODUCTION - R.V. Osborne

In this report the work of the Branch is presented in three main
sections: Environmental Processes and Techniques, Assessment
Criteria, Techniques and Implementation, and Analysis and Monitoring.
These have been relabelled since the last progress report to conform
to the Program Plan.

In the Environmental Processes and Techniques section, the
emphasis is on basic research and on applications of nuclear
techniques and facilities. The former involves investigations of the
fundamental nature of environmental processes particularly those
concerned with atmospheric and aquatic dispersion, for example energy
balances in lakes, and the behaviour of radionuclides at fluid/solid
interfaces. The latter involves our general interest in exploiting
radioisotopes or our nuclear facilities for studying environmental
processes.

In the Assessment Criteria, Techniques and Implementation section
the research described is related to estimating or predicting the
potential doses to human populations from radioactivity in the
environment. Such dose assessments may be made from knowledge of the
sources of the radioactivity or from surveys of the actual
distributions of radionuclides that are already dispersed in the
environment. Accordingly, research in this section involves;

- developing models to describe the fluxes of radioactivity
through environmental media to human populations,

- adapting our understanding of environmental processes to
transport calculations; for example, identifying the important
properties and processes that have to be considered,

- determining the distribution in the environment of
radionuclides; for example, in the neighbourhoods of the
various waste management areas at CRNL,

- developing the laboratory and field techniques to determine the
parameter values needed in the transport equations and models,
and

- work towards establishing appropriate criteria for
assessments.

The third section, Analysis and Monitoring, comprises the reports
of developments in the various techniques - chemical, radiochemical,
instrumental and environmental measurement - that support the research
and monitoring program of the Branch. In subsequent parts, the
results of the Branch's measurements of current releases of
radioactivity from CRNL to the environment are reported, and the
activities of the Branch in other monitoring programs and commercial
work are noted.
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The location of the various research facilities and areas
mentioned and the monitoring points are shown on Figure 3.2.

3.3 ENVIRONMENTAL PROCESSES AND TECHNIQUES

3.3.1 ENVIRONMENTAL FLUID DYNAMICS

Studies on Heated Plumes - P.J. Barry, D.P. Wildsmith with
W.N. Selander of Mathematics and Computation Branch

Difficulties in obtaining a valve delayed the completion date of
the propane supply system for the burners and experiments were not
started till the middle of August. By the end of October cold weather
caused problems with the supply of propane and the last experiment was
conducted on 27th October.

Twenty-six experiments were conducted during the intervening
period. In four of the experiments two line heat sources with variable
distances were used between the lines. The remainder used a
circumferential array of burners with diameters of 1 m and 2 m.

A sufficient number of experiments were conducted during the
period to evaluate the experimental design and as a consequence several
changes are being made. These are being implemented during the
winter.

The horizontal dispersion of the plume was rather larger than
expected and the sampling array has been widened to subtend an angle of
90° at the centre of the burner ring instead of the previous 50°.
This has meant Increasing the number of sensors downwind of the source.
However, so as not to have to increase the total number of sampling
towers and the capacity of the data-logger, the sampling array is to be
made flexible instead of fixed as in the original design. Sampling
towers will be moved from the upwind side of the burner ring to give
the greater number required on the downwind side. Several other
smaller changes have been made which further optimize the experimental
design based on the experience gained during this past trial period.

At the planning stage it was suspected that some chemical tracers
would be eventually needed to supplement the thermal tracing of the
plume. The results obtained to date confirm this need. The main
problems to be addressed are the effect of (a) actual burner height
which Is not scaled and (b) the effect of the momentum jet of propane
which is not a component of the mathematical model being tested.
During this winter a propane sampling system will be designed and built
and it is planned to collect propane samples while the propane flows
but is not ignited before each burn. Comparing the propane plume with
the later thermal plume will better define the effect of heat on plume
behaviour. A second tracer, sulphur hexafluoride, can also be used and
can be a common feature of the pre-burn and burn phases of the
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experiments. The same sampling and detection system can be used for
the two tracers.

Meteorological Support for Studies on Heated Plumes -
E. Robertson, P.J. Barry and F.C. Brown

Two 4.5 metre towers were Installed at the northwest end of the
experimental field and one at the southeast. Anemometers were mounted
on a tower at each end of the field for measuring wind profiles. The
anemometer array at the northwest end included a wind direction sensor
mounted at the top of the tower. The third tower held the Gill u.v.w.
anemometer: Wind profile data were collected on a CR5 data logger from
mid-August to October.

The u.v.w. data was collected on the CR7 data logger for periods
immediately before and after test burns. During the week of July 5,
1983 wind speed components were measured simultaneously with the Gill
u.v.w. anemometer and a calibrated sonic anemometer belonging to
Atmosphere Environment Service. Results were generally consistent
although Gill u. and v. results are higher than expected. However, the
correlation between parameters derived from the two instruments is good
(r^=.94) allowing a correction factor to be applied to our
measurements.

Analysis of wind profile and u.v.w. data is still underway.

Snowmelt and Chemistry of Snowmelt Infiltration - P.J. Barry,
P.C. Jay, and A.T. Price (University of Toronto)

The study of snowmelt and infiltration processes as well as the
input fluxes of atmospheric-derived tracers (particularly sulfate and
nitrate) was continued. Samples of snowmelt, soil core, multi-level
samplers, stem flow, through-fall and precipitation were analysed for
major ions.

The site used for several previous years of studies has been
severely altered by the continual traffic through the area. A new site
for studies this Spring has therefore been chosen and instrumented.
This site is on higher ground overlooking the old site. It has a
greater depth of overburden which is advantageous for infiltration
studies. A core sample showed a 5 m homogeneous vertical profile of
uniform sand above the water table.

A hole about 1.5 m deep, 1.2 m wide and 2.5 m long was dug, into
the long face of which were installed 65 cm square aluminum trays. At
one corner of the front face of the tray a small pipe was welded to
which tygon tubing was attached to conduct water to a collection vessel
in the pit. The trays were installed with a small angle dipping to the
pipe. The pit was lined with plywood and covered and sealed against
leaks of water. The trays are to intersect the infiltrating front of
melt water to obtain volumetric flow rates in time and samples for
chemical analysis. Two small (1 m square) polythene-lined run-off
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plots were also installed at the site. A problem with the 5 m square
plots is the difficulty of keeping them free of leaves and other forest
debris. It is clear from last spring's results that the leaves greatly
alter the chemistry of the melt water. With the small plots it is
easier to keep them clear and this was done up to the time of the first
snow fall.

A series of analyses on samples of run-off, stem flow,
through-fall and infiltrating rain water was collected in August during
and following heavy storms. These studies were to compare the results
obtained when the forest was covered by leaves and those during the
spring snow melt.

Chemical analyses are still being carried out on these samples.

Lake Energy and Water Budget Studies - E. Robertson, P.J. Barry,
F.C. Brown, P.C. Jay and D.P. Wildsmith

Water and air temperature profiles measured on the raft at the
centre of Perch Lake were recorded on a CR5 data logger almost
continuously during the open water season. The results of additional
measurements made from July 25 at two smaller rafts midway between the
centre and each shore were added to the data logger. A second CR5 on
the N.W. shore recorded net radiation over the vegetated zone as well
as water temperatures. All the data have been edited, catalogued on
permanent files and processed. Energy budget calculations and further
data analysis are still in progress.

At Maskinonge Lake wind speed measurements continued and water
temperature profiles were measured manually once a week.

Streamflow Generation Studies - R.W.D. Killey, R.J. Cornett,
R.M. Brown, and W. Workman in co-operation with Waterloo Research
Institute

A contract was let to members of the Department of Earth Sciences
at the University of Waterloo in October to

1) couple the 2-D numerical model of capillary fringe response to
precipitation with a streamflow routing model,

2) perform sensitivity analyses with the coupled model, and
3) test the model with field data collected from a variety of

sites.

Coupling of the capillary fringe model with a streamflow routing
model has been achieved and one field site (at CFB Borden) has been
instrumented and monitored for groundwater and streamflow responses to
precipitation. Hydraulic head responses in the field site are very
similar to those observed in a laboratory experiment and show that
streamflow generation is strongly influenced by the capillary fringe
effect. Chemical analyses to allow separation of streamflow into
surface runoff and groundwater discharge components are under way.
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Sampling of streams on CRNL property to discriminate between
groundwater and rainfall contributions using ^H was suspended in
September; Fall precipitation is often very close to shallow
groundwater in isotopic composition. Analyses of stream and
precipitation samples for deuterium content is almost complete.

Dispersivity in Subsurface Flow

(i) Modelling of the 20 m 1 3 1I Tracer Plume - G.L. Moltyaner and
M. Thompson

The three-dimensional analysis of the 20-metre non-reactive tracer
test is completed. The conclusions that can be drawn from this
comprehensive analysis are the following:

- Radionuclide transport models based on the classical
advection-dispersion equation provide good representation of
field-scale experimental data. The averaged 20-metre scale
longitudinal dispersivity is found to be 0.75 cm. The value is an
order of magnitude larger than the vertical dispersivity (0.07 cm) and
it is only twice the value of column-scale dispersivity (0.35 cm).

- The "dry-access-tubes" monitoring technique used for tracing
radioisotope activity provides compatibility between scale of
description of transport processes and sampling scale and, therefore,
is recommended for future applications.

- Monitoring of the tracer activity in a natural gradient tracer
test by scanning dry access tubes with a gamma-ray detector does not
cause any significant disturbance to the movement of a tracer and,
therefore, allows correct determination of the mean residence time of
the flowing fluid.

- The conventionally employed methods for acquiring hydro-
geochetnical data can lead to erroneous results and are not recommended
for the determination of transport parameters.

- An averaging approach is proposed for simulating continuous
profiles of radiotracer activity. This approach is employed for
handling vertical profiles of 1 3 1I activity. The results of
simulation based on this approach show that a constant,
scale-independent, dispersivity can be assigned to each of three
textural features of the tracer site aquifer.

This is the first known analysis which has successfully
demonstrated the predictive capability of the advection-dispersion
model.

(ii) 40 m Tracer Test - R.W.D. Killey, J.H. Munch and G.L. Moltyaner

On October 4, 3.7 GBq (100 mCi) of 1 3 1I was metered into 5.75
m3 of groundwater and injected into a well screened over the
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saturated thickness of the test aquifer near Twin Lake. THiring the
following 6 weeks, movement and dispersion of the tracer were observed
by measuring gamma count rates in an array of 82 dry access pipes
penetrating the full 15 m thickness of the aquifer downgradient of the
injection well. Observations were terminated after 40 metres of
transport, when decay of the ^31i to 3% of initial concentration
led to significant uncertainties in counting statistics. Tracer
distribution was monitored using:

i) the borehole gamma scanner designed and constructed by the
branch, which provided measurements of the vertical
distribution of activity around the monitoring pipe at 1 cm
intervals, and

ii) 3 geiger tubes collecting count rates at fixed locations and
depths over time.

Borehole scans were collected at 6-hour intervals for the first week of
the experiment and at 8-hour intervals for the remainder of the test.
The geiger tubes were used to provide continuous tracer breakthrough
curves at locations selected from the borehole scans. Approximately
0.75 million data points have been collected.

Tracer migration over the first 20 metres of the flowpath was
almost identical to that observed in the experiment run in 1982,
although with improvements in data collection we can now provide much
better definition of velocity variations in the subsurface. Between 20
and 25 m downgradient of the source the prominent high velocity zone
pinched out along an interface trending approximately north-south,
providing an excellent opportunity to study dispersion caused by
migration of tracer from one stratum to another. There are several
other examples of such migration between strata with smaller velocity
contrasts.

Analysis of the results is still under way. With the data, we
will be able to determine both longitudinal and vertical transverse
dispersivities, and possibly to estimate lateral transverse
dispersivity.

Radiotracer Studies of Flow through Rock Fractures - E.L. Cooper and
D.E. Clegg

During July of 1983 a dual tracer injection was made into
fractured rock in the Bass Lakes area at CRNL. This was a
collaborative experiment between the National Hydrology Research
Institute, AERE-Harwell and AECL. Staff from CRNL procured the
^Sr which was used as a reactive tracer and produced the

82]5r which was the conservative tracer. We also did the field
handling of the tracers, measured the initial concentrations to provide
the source term and provided calibration solutions for the field
instrumentation.
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The experiment was set up in a dipole configuration with
simultaneous injection into one borehole and withdrawal from a second
borehole. The tracers were injected into the sy'tem as a pulse over a
ten minute period.

During August of 1983 several injections of 82 B r w e r e made
into other fracture sets in the same area. In these experiments
groundwater was recycled through pairs of boreholes. The "2gr w a s

produced in NRU ana injected through a septum into the recycling
groundwater as a very short pulse. Tracer breakthrough was monitored
on-line with a Nal(TI) detector and samples were taken to determine the
actual concentration of °2gr>

3.3.2 ENVIRONMENTAL CHEMISTRY, GEOCHEMISTRY AND BIOCHEMISTRY

Chemical Speciation of Contaminant Plumes at CRN! - D.R. Champ and
J.L. Young

An important factor in predicting contaminant mobility in the
environment is acquiring information about the chemical and physical
form of the contaminants in defined conditions.

A series of measurements was started in October with
D.E. Robertson from Battelle, P.N.L. Several sites in the Perch Lake
Basin were sampled to identify locations suitable for more intensive
speciation studies. Sampling included surface water from three sites
and eight groundwater samples from the flow path below Reactor Pit 2, A
Disposal, Chemical Pit, and the Glass Block Site.

During sampling geochemical parameters such as temperature, pH,
Eh, dissolved oxygen, and alkalinity were determined for each site.
Samples were collected and preserved for sulfide and trace element
analyses. Large volumes of waters were pumped through samplers loaded
with ion exchange resins and aluminum oxide to collect ionic and
non-ionic species of the various radionuclides present in solution.
The resins and aluminum oxide were stored for later analysis for y, g,
and a-emitting radionuclides.

Analysis of the samples is in progress.

Nuclide Concentrations In Freshwaters - R.J. Cornett and L. Chant

(a) Sedimentation of

The sedimentation rates of •'•"cs discussed in earlier
progress reports were calculated by assuming that the fallout of
*"cs was measured accurately by precipitation collectors and that
none of the *"cs deposited in the drainage basin was transported
to the lake. Since the fallout of '•^Ce measured at Ottawa is not
significantly different from the fallout at Chalk River we have
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concluded that the fallout measured at CRNL is representative of the
area. If all the 137Cs fallout remained immobile in the soils of
the drainage basin then the integrated activity of cores of soil should
match the integrated fallout activity. We have been unable to resolve
the discrepancy between 37Cs fallout and 3 Cs soil
measurements that we reported earlier. Three lines of evidence suggest
that the low 1^7Cs activities in soils are caused by migration of
the 13'Cs down into the overburden.

(i) Published Kd values for 137Cs in the sandy soixs of this
area are much lower than values from other study locations, (il) We
have measured small quantities of 3'Cs deeper in these soil
profiles than at other locations consistent with the Kd variations,
(iii) The increased mobility of 137Cs in area soils is also
reflected by the higher concentrations of 137Cs (lOx) in the
Ottawa River and other rivers draining Shield vs non-Shield catchments.
Subsequent analysis of the 3'Cs burdens in laV.e sediments will
use the CRNL fallout figures.

The low activities of 37Cs measured in the soils and the
relatively high concentrations of 137Cs in the rivers draining the
Shield suggest that the potential input of 37Cs from the drainage
basin should be evaluated more carefully. To determine the *37Cs
discharged from Shield catchments, the 37Cs mass balance for the
Ottawa River drainage basin was constructed. Only 1.5% of the total Cs
fallout on the basin has been exported from the catchment. This figure
is small compared to the burden of l37Cs in the lake sediments.
It is not insignificant compared to the present day concentrations of
37Cs in lake water. These results suggest that some of the

activity in lakewater that was attributed to release of
137Cs from the lake sediments should be attributed to inputs from
the catchment. More accurate measurements of 37Cs input to each
study lake are needed to interpret the water concentration data, and to
assess accurately the significance of the remobilization of ^37Cs
from lake sediments.

A second method of examining the remobilization of *37Cs from
lake sediments has been developed. During the summer, small deep
Shield lakes are thermally stratified. The deep waters of the lake are
isolated from any inputs of "7g s from the surface waters. As a
result, changes in concentration of •'•"cs can be used to evaluate
the significance of •'•-"Cs release from the sediments into the
water column.

In four lakes, concentrations of •'•37Cs increased during the
period of stratification. At the end of stratification, the
concentrations were approximately two times higher than those measured
in the spring. In three lakes, the increase in *37Cs paralleled
the remobilization of reduced Fe as the lake water became anoxic. In
the fourth lake more Mn than Fe was released into the water and the
l 3 7 concentrations parallel the Mn concentration changes.
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(b). Sediment Dating using 210Pb

We have determined the concentration of 210pt, t,y measuring
its granddaughter 210po. More than 800 samples have been analysed
to determine the vertical distribution of 210pb activity in 45
cores of lake sediment. From the rate of change of ^lOpj, activity
with depth in the cores, the rate of accumulation of dry matter in the
lake bottom can be calculated. Provisional estimates of sedimentation
rates fall between 20 and 150 g dry mass m~2a~l. Using these
estimates the sedimentation rate of any nuclide or any other element
found in the lake sediments can be determined.

(c) ^°Co Mass Balance in Perch Lake

Low levels of ^^Co have been discharged from the waste
management areas into Perch Lake since 1960. The ^Co added to
the lake provides a useful test of several different methods of
estimating sedimentation from the water column and remobilization from
the sediments. We are performing the necessary analyses.

Inputs of °^Co to Perch Lake have been measured since 1961
and discharge of ^^Co since 1969. Measurements of the activity of
6^Co in the sediments have been completed during the past
quarter.

Contrary to the hypothesis stated in several previous reports, the
input of 6C>co to the lake did not show a significant increase
following the addition of complexing agents to the chemical pit.
Maximum discharge occurred during the early 1970's. Since 1961
approximately 17 GBq (decay corrected to September 1982) have entered
Perch Lake. The sediments have an average activity of approximately
8000 Bq.m~2. The activity in the sediments is much lower than
that expected from the input-output measurements. The discrepancy
appears to be caused by biased input estimates. The bias is introduced
when flows and concentrations are averaged independently over periods
of 1 to 3 months. Our measurements demonstrate a strong negative
correlation between the volume of flow and the concentration of
""Co. In the next quarter we will examine methods of quantitating
and correcting for this bias.

Modelling of 3H and 85Sr Behaviour in Short "Field Columns" -
G.L. Moltyaner and M. Thompson

Small-scale longitudinal dispersivities for the tracer test site
have been measured, in 15 cm laboratory columns of undisturbed aquifer
samples, by passing tritiated water through the columns (see Champ et
al in this report). The dispersivity values obtained for these
experiments using 1-D analytical model are in a good agreement with
those obtained from the 20-metre field tracer test.

A 1-D analytical model was developed for studying the behaviour of
reactive radionuclides. This model is based on the assumption that the
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relationship between a reactive solute and the soil matrix is the
linear reversible kinetic equation. The model will be used for
analyzing 51<;r—EDTA behaviour in short laboratory columns (see
Champ et al in this report).

Downhole Column Test with Long-Lived Radionuclides - R.W.D. Killey,
J.H. Munch, D.R. Champ and J.L. Young

During the last 9 months, we have been drilling and sampling
unconsolidated sediments on CRNL property to locate sands that are
receiving groundwater discharge from bedrock. The Nuclear Fuel Waste
Management Program (NFWMP) requires information on the behaviour of
long-lived radionuclides in such a setting, and we have proposed using
D.R. Champ's downhole column technique for radionuclide migration
studies.

Finding such a setting has proved more difficult than expected.
Marked changes in groundwater chemistry over a short vertical interval
has ruled out the site drilled and sampled beside D.R. Lee's bedrock
monitors at the northwest end of Chalk Lake. In December we drilled
and sampled overburden adjacent to the Ottawa River at Pointe au
Bapteme. Sands suitable for column construction were found just above
borehole refusal., 18.5 m below surface. Anion concentrations, pH, and
redox potential in waters in the sand are very similar to values from
bedrock groundwater samples. Low-level tritium analyses by R.M. Brown
show 160 to 380 T.U. in 4 samples collected 15 to 18 m below surface,
indicating the presence of some water less than 25 years old. If
results of cation analyses are similar to those for bedrock
groundwaters we shall proceed with studies at this site.

Controls on Radionuclide Sorption - R.W.D. Killey and K. Inch

The results of surface area measurements of 12 samples of sands
containing "^Sr from 2 contaminant plumes have been received from
W.J. Holtslander and A.G Tremblay (Chemical Engineering Branch). Two
samples of contaminated sand, from the central portion of subsurface
plumes from Area A and from disposals at the Nitrate Decomposition
Plant, were fractioned by grain size and mineralogy. After measurement
of the radiostrontium content of each fraction, surface areas were
measured by the B.E.T. gas adsorption method. Correlations were
observed between surface areas and 90gr contents for the samples
from both contaminant plumes•> Samples of sands contaminated with
*>0co collected downgradient of the Chemical Pit also showed a
correlation between surface areas and sorbed radiocobalt. In all 3
cases, the radionuclides held on the sands were retained by more than
one sorption process.

Marked differences in sorption capacity of different minerals have
been observed in many situations; in the samples just analysed there is
10 to 20 times more *°Sr per gram of biotite/vermiculite than
there is per gram of quartz + feldspar. This difference is matched by
differences in surface area between the different mineralogic
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components of the sand. This result shows that mineralogy of the
sediment grains is important in determining surface area, but chemical
differences between minerals have little influence on sorption of
^Sr and 6C*Co. Thus, to assess sorption capacity of this
kind of sediment, at least for 90Sr and 60Co, it is
sufficient to measure surface area, and the need for the very
time-consuming analysis of mineralogy is greatly reduced.

51Cr-EDTA Core Column Experiments - D.R. Champ and J.L. Young

Further filtration experiments were performed on pools of column
effluent from the three major phases of the ^lcr elution profiles:

the breakthrough or increasing ^Cr concentration period,
- the plateau or_ peak concentration period, and
- the tailing or decreasing concentration period after 51Cr

loading had ended.

Analysis showed no significant amounts of ^lcr associated with
particles retained by 0.40 or 0.05 ym filters for any of the pools.
Ion exchange filtration of these pools indicated that the 51Cr was
18-34% anionic with no significant cationic species evident.

From these experiments we have concluded that the ^lcr, which
has not sorbed to the sediments in the core column, is a non-ionic or
slightly anionic species not associated with particulates eluting from
the column.

3.3.3 BIOLOGY

Microbiology of Groundwaters - D.R. Champ and P. Kmet

The microbiology of groundwater from borehole CR20 in the
Maskinonge Basin was evaluated with the objective of providing some
baseline data on waters from crystalline rocks and to assess the
potential of the CR20 borehole, which has "old" waters, for further
microbiological studies.

Five isolated intervals of the borehole were evaluated. The
studies have shown that:

(a) Under natural flow conditions of 55 to 570 mL-min"! (all
intervals are under positive hydraulic heads) bacterial
populations of 400 to 7000 mL~* are present in the rock
waters.

(b) Pumping experiments have shown that anomalously high
populations develop in the well under no flow or low flow
conditions. This has been attributed to enhanced growth on
borehole and pipe surfaces; populations in the "natural"
waters are approximately 300 to 1000 bacteria per mL in the
various intervals.
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(c) A wide variety of bacterial colony types are present. The
maximum number in one interval using our plating techniques
was 13.

(d) Individual colony types can be cultured and maintained in the
laboratory.

These preliminary results have supported the continuation of
microbiological studies in the boreholes at Maskinonge Lake,
specifically CR20. Experiments are planned for the summer of 1984.

Biodeposition of Labelled Particulates by Filter-Feeders - J.W. McMahon
and A.E. Docherty

Laboratory studies on the rate of biodeposition of labelled
particulates by freshwater molluscs (Elliptio complanatus) have been
completed and the data are being evaluated. Field studies are
currently being planned for the summer of 1984 to complement the
laboratory results. F^periments will be carried out at a shallow-water
site on Chalk Lake (CRNL property) using natural, undisturbed clam
populations. Clam enclosures have been designed and fabricated for
these studies.

Bioaccumulation of Trace Metals in Lake Waters - J.W. McMahon and A.E.
Docherty, J.M. Judd and S-R. Gentner

A method for determining ultra-trace levels of cobalt in surface
waters of lakes has been developed. 500 ml volume acidified water
samples are concentrated by evaporation and wet ashed to give a working
volume of 2 ml in approximately 2N HNO-j. Cobalt is determined by
direct measurement of the preconcentrated sample in a Hitachi
polarizing Zeeman-effect graphite furnace absorption spectrophotometer.
This simplified procedure avoids chelation and solvent extraction
techniques as reported in the literature. Analysis of surface waters
from two area lakes - Perch and Maskinonge - revealed cobalt levels of
0.059 +^ 0.012 pg/L and 0.036 + 0.006 pg/L respectively.

Stable Cobalt in Fish - J.W. McMahon and S-R. Gentner

A method for measuring cobalt concentration in fish is being
developed. Yellow Perch, from Perch Lake, CRNL property, are cooked
whole in a microwave oven to facilitate complete separation of flesh
and bone. A 400 g fish yields approximately 100 g of flesh and 6-8 g
of bone. Flesh samples (30-35 g wet weight) are dried overnight at
105°C resulting in dry weight samples of 10-12 g. Dried flesh and
bone samples are wet ashed (concentrated nitric acid and hydrogen
peroxide) and the cobalt extracted using the MIBK-APDC method of
Melissa and Schoeffmann [Mikrochemica Acta 1, 187 (1955)]. Cobalt is
determined on the extracted samples preconcentrated into 1 ml final
volume using Zeeman-effect graphite furnace absorption
spectrophotometry. While cobalt concentrations in dry flesh of
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,0074-.0078 yg.g~l have been recorded in some samples, sample
preparation problems have resulted in non-reproducible results with
other samples. The unexplained presence of a flocculant crystalline
precipitate in the extracted samples is currently under investigation.

Surface water and fish samples of several species were collected
from selected area lakes. The hypothesized relationship between
metal-organic complexation and bioaccumulation of trace elements by
aquatic organisms will be tested using stable cobalt.

Radionuclide Cycling by Plants - S-R. Gentner

Work on the annotated bibliography continues: 400 references are
now typed on file cards and 300 have been entered into the BASIS data
base. Editing of the thesaurus is done regularly. The data base,
although incomplete, is now available for research purposes; exercise
searches have been carried out successfully.

Temperature Effects on Stream Insects - R.S. Rempel and J.W. McMahon

An "in situ" experiment was conducted in Perch Creek (CRNL
property) May through November 1983 to provide information on the
effect of elevated temperature on life history parameters of stream
insects. This data is prerequisite to modelling the effect of
temperature on aquatic invertebrate communities and it's influence on
radionuclide pathways through a lotic ecosystem.

Perch Creek possesses a rich, diverse insect fauna and is ideal
for aquatic radioecological studies. An insect reference collection
and life history data bank are currently being prepared. To date the
collection consists of the following groups:

Order
Odonata

Ephemeriptera
Plecoptera
Tricoptera
Diptera

Common Name
dragon & damselflies

mayflies
stoneflies
caddisflies

midges, deer, blackflies

v of Species
3
10
8
10
50+

Analyses on larval and adult insects collected during experiments
in the heated and control channels is currently underway. Initial
findings indicate significantly smaller body size in adult
Ablabesmyia sp and Conchapelopia aleta in the heated channels. Earlier
median emergence for Arctopelopia flavifrons, Ablabesmyia ££ and
Leuctra tenuis was also recorded in the thermally elevated waters.

A diurnal, dissolved O2 study, to estimate primary productivity
indicated minimal algae carbon production. No difference in production
rates was observed between heated and control channels.

The effect of temperature on the bioavailability of imported
carbon (leaf litter) showed that over a six week summer period leaf
breakdown rates increased only slightly. Experiments have been
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designed to study temperature effects on larval assimilation rates,
Insect respiration, nutrient spiralling and bioaccumulation.
Radiotracer techniques using *P, ^C and 5^Fe are being
proposed.

Movement of Radium in a Lacustrine Food Chain - J. Kalff (McGill
University, Montreal) and D.R. Lee

The report on movement of radium in a lacustrine food chain was
received from Dr. J. Kalff of McGill University in October. Results
from a subarctic lake near Schefferville, Quebec, showed that
naturally-elevated sediment-radium levels were not reflected in
non-sediment biota or the water. The observed high retention in
sediment agreed with reports in the literature on other heavy metals
such as mercury and lead. Concentrations in fish differed greatly,
even within the same species and between similarly-sized specimens of a
species. This variation was attributed to different food habits and
obviously limits interpretation of the results of the study. We have
concluded that the marginally increased levels of radium in the lake
are not sufficient to warrant further work in this particular lake.

3.4 ASSESSMENT CRITERIA, TECHNIQUES AND IMPLEMENTATION

3.4.1 ASSESSMENT CRITERIA

Radiological Considerations in the Management of Uranium Mill Tailings
R.V. Osborne

The expert group report on the long-term radiological aspects of
the management of wastes from uranium mining and milling has been
extensively edited in preparation for publication in 1984. The report,
prepared for the Nuclear Energy Agency (NEA) of OECD, reviews the
application of ICRP radiation protection principles at hypothetical
uranium tailings sites in Australia, Canada and the USA. General
conclusions in the report are that quantitative "cost-benefit" analyses
are not very useful in this type of application, and that critical
group exposures are likely to be a decisive factor in deciding what the
preferred way of managing tailings should be. The report discusses
how different judgements as to the weight given to the collective
impact of very low individual doses, to doses many millenia In the
future, and to different geographical distributions of dose might
affect decisions. The inadequacy of current models of geochemical
processes in tailings and of the subsurface and surface movement of the
main radionuclides near tailings is noted.

Long-Term Radiation Protection Objectives for Radioactive Waste
Disposal - R.V. Osborne

An expert group, assembled by the NEA of OECD, has concluded that
individual risk rather than dose, is the appropriate quantity to limit
for critical Individuals. The term "risk" is used in the sense of



- 56 -

"expectation of consequence". The magnitude of a dose (consequence)
and the probability of that dose being exceeded can then be combined to
compare with such a limit. The group has also concluded that this is
likely to be the major criterion in determining acceptability of a
disposal option, at least from a radiological point of view.

Different approaches to establishing that, within such an
individual risk, limit, doses will be as low as reasonably achievable
(ALARA) are discussed in the group's report. It is significant that
little consensus was achieved as to the appropriateness of assumptions
that might be made in cost-benefit analyses that seek to determine the
optimum disposal option. There is general agreement in the group that
many factors have to be included in such a determination, one of which
may be some form of cost-benefit analysis. The appropriate framework
for arriving at a decision and the particular factors to be included
are still very much matters of individual judgement.

Criteria for Waste Disposal at CRNL - R.V. Osborne

Based on the outcome of the discussions noted in the previous two
sections, eleven general criteria have been suggested for waste
disposal at CRNL. These are not quantitative criteria in the sense of,
for exmple, specific release limits but suggest the approach that
should be used in applying ICRP principles. For example, the need to
establish that the risk (dose x probability) from intrusion is below a
"risk limit" is suggested as is the "multi-factor" approach (noted
above) to optimization. Some refinement of these criteria is expected
as the ICRP recommendations on waste disposal are developed during the
next year.

Principles for Establishing Limits for the Release of Radioactive
Materials into the Environment - R.V. Osborne

An outline for a revision to the IAEA Safety Series with this
title has been prepared for the IAEA. The current document was
produced in 1977 and, although subsequently extended by an annex, it is
not consistent with current ICRP recommendations. The main changes are
in the methods suggested for setting authorized limits, in taking into
account multiple sources, in determining that doses are ALARA, and in
the discussion of the uses of collective dose estimates.

3.4.2 ASSESSMENT TECHNIQUES

Dispersion of Accidental Releases of Radionuclides to the Atmosphere -
E. Robertson and F.C. Brown

Instruments from the 65 m meteorological tower at Perch Lake have
provided uninterrupted wind and temperature data during the past six
months. The recorder for wind measurements on the top of Bldg. 456 was
out of service for 8 weeks for installation of signal adapters and
surge eliminators. The signal from 456 can now be transmitted to the
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data logger at Perch Lake. All the data is compiled routinely for long
term climatological records.

The Mathematics and Computations Branch have programmed a Z-80
microprocessor to allow continuous storage of output from the data
logger at Perch Lake on direct access files on the 720 computer. This
system was installed December 2. To date 66 hours of data have been
filed, the longest continuous record being 9 hours. The limitation of
the system is accessibility of the 720 when the Z-80 buffer is loaded.
The 2-80 is thus a very useful research tool but it does little to ease
the chore of routine data abstraction.

Diurnal wind speed and turbulence patterns measured on the 65 m
tower, Bldg. 456 and 10 m tower on Perch Lake indicate that the height
of the nocturnal boundary layer is frequently below the top of the 65 m
tower (approximately 120 m above Perch Lake). Thus a second aerovane
and additional thermocouples will be installed on the tower to allow us
to estimate the height of the boundary layer. All the hardware is
ready and installation will be done as soon as weather permits.

Thermal Imagery for Detecting Groundwater Discharge - D.R. Lee and
S.J. Welch

A facility to measure connectivity between bedrock groundwaters
and surface waters in Shield terrain will BE important in the concept
assessment program. In an effort to develop suitable field methods, a
variety of surface and overburden methods have been applied at East
Bull Lake and Chalk River by us and at Atikokan by the Applied
Geoscience Branch, WNRE. Airborne thermal imagery has been applied at
East Bull and Chalk River and plans are underway to apply it at
Atikokan late next quarter. We recognized from the start that without
considerable bedrock-borehole data, it would not be possible to
identify and quantify the discharge of bedrock groundwater to surface
water or to overburden. Except at Chalk River, boreholes are not yet
available for obtaining comparative data. Consequently it has not been
possible to compare the flows of bedrock groundwater to surface water
at these three sites. In other words, we have not been able to
measure, or even indicate clearly, the flow of bedrock groundwater to
surface water at Atikokan, East Bull and Chalk River using hydrological
methods in the surface and overburden. Although such techniques may
supplement bedrock borehole techniques, they are not likely to be
diagnostic by themselves.

Two techniques have provided direct evidence of the connection of
groundwater in bedrock to surface water at Chalk River; a lake-level
response test and a tracer dilution test in bedrock boreholes.

Lakebed Thermometry for Detecting Groundwater Discharge - D.R. Lee and
S.J. Welch

Lake sediment probes for locating groundwater inflow to lakes have
been tested. Based on our experience in overburden work and from
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consideration of the geophysical literature, we expect that
groundwater, discharging into lakes through fractures or faults, will
alter the temperature and electrical conductance of sediment at the
point of discharge. Tests conducted this quarter showed that our
probes could detect a synthetic temperature and salinity target
established In 8 m of water in the bed of Mas^inonge Lake.

Uranium Series Disequilibrium in Groundwater Systems - G.M. Milton and
R.M. Brown

Further separations of U(IV) and U(VI) in CR2O water samples (as
outlined in PF-HS-15) have provided us with data for a plot of U(VI)
Activity Ratio vs depth, exhibiting a shape similar to that of C-14 age
vs depth for the same samples.

The kinetics of oxidation-reduction of the U(IV)-U(VI) couple
under a variety of conditions is being studied to test our hypothesis
of the coexistence of U(IV) and U(VI) in these waters. Of the three
most likely naturally-occurring reducing agents, organics, Fe^+

and S , only S in acid solution appears thermodynamically
capable of effecting the reduction (H2S->S + 2H + 2e). However it
has long been known that Fe 2 + In acid solution will reduce U(VI)
provided that H3PO4 is present to form complexes with both U(IV)
and Fe 3 + (C.F. Baes Jr., J. Phys. Chem. 60:805 (1956)). The
presence of fluoride ion as complexing agent for tf(iv) will also
increase the rate of reduction.

Spectrophotometric methods offer the most promise as a technique
for the rapid determination of the two oxidation states, U(IV) and
U(VI) in solution. In 1 N HC1 the absorption peak for U(VI) at 415 mm
can be distinguished from IJ(IV) peaks at 430, 497, 550 and 650 nm.
However the sensitivity is low, and the quantity of uranium required in
solution is well above the solubility of U(IV) at higher pF.
Consequently it seems necessary to separate U(IV) and U(VI) fractions
before determining their respective concentrations by the much more
sensitive but unselective peak at 653 nm, obtained with Arsenazo III in
0.1 N HC1.

The potential techniques for separation of U(IV) and U(VI) are of
course the same as those investigated for their separation in large
water samples. Coprecipitation of U(IV) as fluoride or cupferrate has
been found to make subsequent spectrophotometry difficult. Anion
separation on Dowex 1-X8 in 4 M HCL has proven to give clear, near-
quantitative separations of the 2 oxidation states. Using this
separation technique, measurements of U(IV) oxidation rates, varying pH
and oxygen availability, are now in progress. Following these, a suite
of measurements of U(IV) reduction rates will be initiated, using
Fe^+

 and S as potential reducing agents In solutions
containing varying concentrations of H Ion and possible agents for
complexation and/or precipitation of the products of reduction. A
computer program has been written to calculate speciatlon in the
various solutions.
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Bomb Tritium Dating of Flow in the Gloucester Landfill Site -
R.M. Prown, W. Workman with R.E. Jackson (NHRT), and F. Michel
(Carleton University)

Analyses of further samples of groundwater from the plume of this
landfill site near Ottawa have been done to extend the area of defined
flow rates and confirm preliminary conclusions about the presence of
small amounts of waste-derived tritium, as distinct from bomb tritium,
close to the disposal site.

Organic Carbon Analysis (Gloucester Landfill Site) - D.R. Champ and
J.L. Young

Carbon analysis of samples from the Gloucester Landfill site
continued in collaboration with R.E. Jackson of the National Hydrologv
Research Institute of Environment Canada. Results from the analysis of
103 aqueous and 9 sediment samples in replicate which are now being
tabulated will help to assess a preliminary clean up technique and
to define organic background and contaminant concentrations at the
Gloucester site.

3P and ^ C in Vegetation - C. Selkirk, W. Workman and R.M. Brown

Obtaining valid organically-bound tritium (OBT) values for samples
of environmental vegetation is a continuing problem. He have been
testing techniques for determining the tritium content of atmospheric
and soil moisture, tissue free water (TFWT) and organically-bound
hydrogen (OBT) of grasses growing at several sites on the plant area
near Waste Management Areas B and C. In line with previous experience,
it has been demonstrated that OBT measurements on vegetative material
are particularly sensitive to contamination in the drying process. We
believe we now have a good reference procedure.

To ensure contamination-free sampling and drying conditions, a
Parr combustion bomb is evacuated, back-filled with dry nitrogen and
opened only at the sample site in the field where the vegetative
material is loaded and the bomb resealed. After return to the
laboratory, the freewater is recovered by heating the combustion bomb
(60°C) while evacuating through cold traps overnight. The evacuated
bomb is then charged with oxygen, the dry organic material combusted
and the water of combustion recovered by pumping through cold traps.
In this way the organic material is dried and combusted without any
exposure to the laboratory air which, at times, may have an HTO
concentration considerably higher than the sample material.

In Table I, OBT values using the foregoing technique are compared
with values obtained on combusting parallel samples that had been dried
overnight in an air-oven.
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Table I

Effect of Drying Procedure on Measured OBT of Grass Samples

Lab Air HTO During
Drying Period

(TU)*

Not measured
•• ••

2440
11200
9800

OBT Values
Air Oven

(TU)

7800
13400
1090
4230
4730

After Drying In
Combustion Bomb

(TU)

985
8370
380
2950
2370

Contamination

(TU)

6815
5030
720
1280
2360

* 1 Tritium Unit (TU) = 1 tritium atom per 10*8 hydrogen atoms

Although the technique of loading the combustion chamber at the
field site is inconvenient and cannot be applied to multiple samples
simultaneously, it is regarded as an effective reference procedure
against which others may be compared.

Tritium concentrations of tissue free water obtained using this
procedure were the same as those of water obtained by azeotropic
distillation with toluene, demonstrating the latter to be a
satisfactory technique for free water recovery easily applied to large
numbers of samples. However, as yet we have not devised a satisfactory
simple method for removing the toluene and transferring the residual
organic material to a combustion chamber without exposure to the
atmosphere.

OBT/TFWT ratios ranging from 0.6 to 2.6 have been observed. This
variability is attributable to a temporal effect - the OBT reflects HTO
concentrations during some past growth period whereas the TFWT reflects
rather recent concentrations of atmospheric HTO.

It is significant that we now see values less than 1.0 whereas in
the past reported OBT/TFWT ratios of such environmental samples have
almost always been greater than 1.5, probably because of erroneous OBT
values.

3.4.3 RADIOLOGICAL SITE DESCRIPTION AND DOSE ESTIMATION

Tritium in Surface Waters in the Vicinity of CRNL - W. Workman
R.M. Brown, P. Beaulleu, E. Clegg and P. Jay

The annual survey of tritium concentrations in about 50 streams,
lakes and springs within and around the CRNL property has been
completed. No significant increases have occurred during the past
year. The highest off-site concentration was 310 Bq.L"1 (2600
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Tritium Units) in Chalk Lake. In the Ottawa River, mean annual
concentrations were 9.1 Bq.L~l (77 TU) at Rolphton, 11.1
Bq.L"1 (94 TU) at Deep River and 16.8 Bq.L"1 (142 TU) at
Pembroke. There has been a significant decrease in tritium added at
NPD compared with previous years. Tritium analyses were also carried
out on water samples from selected sites in the Perch Lake Basin.

Soil HTO in the Vicinity of the Tritium Removal Plant - W. Workman and
R.M. Brown

A pre-operational survey of the tritium concentration of soil
moisture in the area adjacent to the Tritium Removal Plant under
construction at the north end of the Inner Area has been carried out.
Since the heavy water electrolysis plant and the reactor buildings and
stack are in this vicinity, tritium concentrations are significantly
above natural levels and need to be established to be able to detect
any discharges from operation of the Tritium Removal Plant.

Soil was sampled at 5 cm (bottom of the grass root zone) and 50 cm
depths. Moisture was recovered from the soil by azeotropic
distillation with toluene and its tritium content measured by liquid
scintillation counting. Concentrations of 6 to 7 kBq.L"!
(50,000-60,000 TU) were measured in the immediate vicinity of the plant
under construction and along the northern boundary of the plant fence.
Concentrations were down to 2 kBq.L"1 (16,000 TU) at 250 m from
the plant site, 1 kBq.L"1 at 1400 ra distance and 0.6 kBq.L"1

(5,000 TU) at the plant stack. The distribution pattern observed
suggests that the reactor and/or I^O electrolysis buildings are a
more significant source of tritium in this vicinity than the reactor
stack.

Nitrate Plant Plume - R.W.D. Killey and J.H. Munch

Sequential extractions of ^Sr sorbed to a suite of sand
samples (collected along the axis of the contaminant plume from the
Nitrate Recoraposition Plant) employed an equilibration to release
9°Sr held by ion exchange reactions followed by stripping of iron
oxide coatings on the sand grains. Samples taken at distances of 100
to 335 m from the source show more than 100 fold difference in
concentration of uSr (decreasing approximately log-linearly with
distance) but no significant differences in the relative amounts of
radiostrontium sorbed by different mechanisms. On average, 35% of the
sorbed "^Sr is retained by ion exchange, 44% is held by iron oxide
coatings in a non-exchangeable form, and 11% is apparently fixed to the
sediments. Contact time between the sediments and contaminated
groundwater at the 335 m distance is estimated to be between 2 and 3
years. The desorption results indicate that sorption by iron oxides
(which is not observed in short-term laboratory experiments) is close
to equilibrium within 2 to 3 years. This provides a very useful
constraint in models to predict future ^°Sr migration.
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A preliminary analysis of the hazard to a critical group on the
CRNL property boundary posed by the 90$r in the Nitrate Plant
plume yields committed doses of no more than 2% of the annual dose
limit for members of the public. This estimate contains a number of
very conservative assumptions; improved modelling of subsurface
radiostrontium movement and inclusion of sedimentation losses in
surface flow systems will result in much lower estimates of the doses
to the public.

Waste Management Area C - R.W.D. Killey and J.H. Munch

The remaining boreholes around the portion of the site covered
with a polyethylene membrane have been drilled and instrumented with
multi-level samplers. All samplers have been cleaned, sampled, and
analysed for ^H. Hydraulic head measurements are being collected on
a routine basis. The unexpected increase in residence time of
infiltrated water in the overlying sand cover results in biased
measurements in the lysimeters located in the peripheral region. This
is due to reduced evapotranspiration of water on the sand overlying the
polyethylene membrane.

Waste Management Area B - R.W.D. Killey and J.H. Munch

Work to update and extend our knowledge of subsurface conditions
and contaminant distributions around Area B began in November. Our
initial objective is to drill, sample, and instrument boreholes at 30 m
intervals around the site perimeter, with more closely spaced drilling
and limited plume mapping in areas where contaminated groundwaters and
sediments are encountered. Up to the end of the quarter, efforts were
directed to drilling along the northeast boundary of the site,
upgradient of a point of known -̂ H release to surface waters. The
approximate position of the tritium plume at the site boundary has been
established, with a maximum ^H concentration of 780 Bq.mL"^.
Samples have also been analysed for gross beta and for gamma
radioactivity. Low levels of beta activity (maximum 0.19 Bq.g"*-
taken as '^Sr) were encountered in 2 of the boreholes along with
up to 0.16 Bq.mL"* in associated groundwater. Collection of
hydraulic head information has begun.

in Sediments of the Perch Lake Basin - D.R. Champ

A preliminary assessment has been made of the doses that might
arise from the 6°Co that is present in the sediments of the Perch
Lake basin as a result of liquid disposals into an area designated as
the Chemical Pit. Doses have been estimated to the population group
that receives drinking water from the Ottawa River, and to the most
highly exposed individual who is assumed to live on the Ottawa River
shore, 1 km from the plant.

The calculations were based upon several conservative assumptions;
that the complete inventory of &°Co (estimated at 7.4x10^-
Bq) is released to the Ottawa River; 6°Co ±s removed only by
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radioactive decay with no removal by sedimentation; the population at
risk would be the 1991 estimated population of 1.853xlO6; no
"^Co is removed during water treatment activities; the per capita
fish consumption is derived entirely from fish in the Ottawa River.

The estimated collective dose commitments from drinking water and
fish consumption were 7.6 man.Sv and 3.7 man.Sv respectively. The
estimated doses to the maximally exposed individual were
A^xlO^Sv.a"1 and 2.3xlO~5Sv.a~1 from drinking
water and fish consumption. These estimates are so low that further
refinements in the calculations may not be necessary.

3.5 ANALYSIS AND MONITORING

3.5.1 INSTRUMENTS AND METHODS

Standard Reference Samples - P.C. Jay and J.M. Judd

Standard reference water samples from the U.S. Geological Survey's
(USGS) interlaboratory analytical comparison study were blind-analyzed
for common anion content. Results received later from USGS showed our
data to be within 0.5 standard deviation of the "most probable values"
obtained by the interlaboratory analyzes. This indicates that the
anion analyses (F~ Cl~ N02~ Br~ SO^") in the branch
are in Category 4 (Excellent) as rated by USGS.

Instrument Clean Room - J.M. Judd

All drawings necessary for the conversion of Rooms 155 and 157
into a clean room facility have been completed and released for
construction by Plant Design. Work on conversion is to begin in 1984
February.

Determination of Water Quality - E.L. Cooper

Methods for determining water quality were discussed at meetings
of the International Organization for Standardization. Working
documents on the measurement of tritium in water and gross alpha
activity were prepared.

Standardization of Analytical Methods - P.C. Jay and J.M. Judd

A study of factors influencing the analysis of calcium in
environmental samples was undertaken as a first step in standardizing
chemical analytical procedures within the branch. Effects of HNO3,
HC1, H2SO4 an<^ LaClj at various concentrations on the analysis of
Ca in samples has been Investigated both by conventional and Zeeman
furnace A/A. Containers made from different plastic resins are being
checked to determine what, if any, contamination or loss occurs when
samples are stored in them.
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Speciatlon of Trace Metals - J.L. Young and P.R. Champ

Work on this project was suspended because of problems identified
and reported in PR-HS-15, pg. 59.

Subsequent work by R. Cassidy and M. Fraser (summer student) of
the General Chemistry Branch indicated that peak splitting and
associated problems were probably caused by solvent effects on the
IPRPC system. This anomaly is eliminated by preparing standards and
samples in the same matrix as the mobile phase.

Because of the potential displayed by this technique for trace
metal analysis, work will continue when instrumentation becomes
available.

Instrumentation for Industrial Flow Measurements Using Radiotracers
E.L. Cooper, D.E. Clegg, J. Beattie, and M. Thompson

development of the computer-based multi-input multichannel sealer
for flow measurements continued during the second half of 1983.
Software was written to accumulate, store, display and analyse the data
from the detectors. This instrument was field-testef* at two industrial
sites and it performed satisfactority even during inclement weather.
One minor fault was identified in the prototype multichannel sealer
board, but this was easily repaired and did not affect the accuracy of
the work.

The gas injector was fitted with pneumatically controlled valves
and re-designed to make it more compact and easier to handle and mount
in the field. An electronic control unit was designed and completed.
During the field trials this fall this injector performed very well.

The liquid injector was also re-designed to improve its
performance. Operation of this injector is now controlled by pneumatic
valves and it has been fitted with a shielded tracer reservoir so that
several injections can be made before more tracer has to be loaded.
The method of drawing tracer solution into the injector has been
modified to improve the safety of operation. It has been used in both
hydrocarbon and aqueous systems. The field trials have indicated the
need for minor valve changes to further improve the ease of handling of
this injector.

After drop tests early in the fall the shipping container was
modified to increase the strength of the lead shield and provide a
secondary gas-tight seal within the shield. Two prototypes were built
and one of these was tested. This design passed the tests and safely
retained its contents even after a 30 foot drop test.

The plastic housings for the Nal(TI) detectors have been modified
to make them more weather tight. This design proved effective when we
were able to carry on field work for many hours in the pouring rain.
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Development of Radiotracer Technology - E.L. Cooper

Many applications of radiotracers only require measurements to be
made for short periods (seconds to hours). Short-lived radioisotopes
are very attractive for such studies since they have a lower radio-
logical hazard and are quickly eliminated from the system by decay once
the measurement is finished. The main drawback is that such
radioisotopes decay too quickly to be transported and used far from the
site of production. One solution to this problem is to use the
short-lived daughter of a longer lived parent radioisotope. The parent
can then be transported to more distant sites. The daughter is
chemically removed periodically for use, and it is then replenished by
decay of the parent. A number of suitable parent-daughter pairs and
generator systems have been reported in the literature; however, before
these can be used in the field an appropriate enclosure and handling
system must be developed. Likewise, a method must be developed to
incorporate the daughter activity into a form suitable for the system
being studied.

In October a °'Mo-"'mTc generator system developed by
AECL-RCC was successfully adopted for use with another parent-daughter
pair which is particularly useful for industrial tracer work. The
parent is very effectively retained within the generator, whil«j a high
yield of the daughter is removed in a very small volume of solution. A
very simple method has been developed to make an oil-soluble form of
the daughter for use in systems containing hydrocarbons.

An AECL licence has been obtained to use this generator as well as
a variety of other radioisotopes as tracers for industrial processes.

Transfer of Radiotracer Technology - E.L. Cooper

A service group has been identified within AECL which can provide
radiotracer services to Canadian industries. During December 1983 one
week was spent training this group in the flow measurement technology.
This included two days of field demonstrations at an industrial site.

Electronic Instrumentation - J. Beattie

A battery-operated controller which permits accurate control of
probe motion when logging the radionuclide distributions in dry
boreholes has been designed and constructed. This has involved the
design of a motor controller, probe drive mechanism and probe travel
measuring system.

A photomultiplier pre-amplifier/line driver has been designed and
constructed. The unit can operate for up to two days from two 9 volt
batteries and is capable of driving up to 300 m of 50 Q. co-axial cable.
One unit was constructed for general purpose use, two units have been
installed in the TOBOR shield.
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A portable PA system for use during bus tours has been built
from commercially-available components for the Public Information
Branch. The system has been used successfully for bus tours of the
plant site and the environmental research areas.

A battery charger designed to suit branch requirements has been
constructed for use with the emergency equipment. The battery charger
is capable of charging ten 12 volt batteries simultaneously,
independent from each other. A two-step constant current type, it
displays automatic turn-on if the battery voltage is low and automatic
reduction of charge rate when the battery is approximately 90% charged.

Updating of Effluent Samplers - E.L. Cooper

Through a cooperative effort with the Environmental Authority and
the Electrical, Instrument and Power Branch we have installed a flow
proportional sampler on the storm sewer. A new sampler has also been
installed on the Process Sewer and it should come into service early in
1984.

3.5.2 RADIOLOGICAL MONITORING RESULTS

Gamma Exposure Rates near CRNL - E.L. Cooper, D.E. Clegg and
P.C. Beaulieu

TLD's placed at the perimeter of the CRNL exclusion area (see
Figure 3.2) are used to measure quarterly exposures that are the sum of
contributions from CRNL and natural gamma radiation. The exposure
rates averaged over the second quarter of 1983, the third quarter of
1983 and the last two calendar years are given in Table 3.5.2A.
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Table 3.5.2A.

Location
(See Fig. 3.2)

1
2
3
4
5
6
7
8
132

Harrington Bay3

Deep River

Gamma Exposure

Second Quarter
1983

7.3
5.5
3.2
6.0
5.0
4.6
4.1
6.0
8.1
6.3
5.5

Ratesx in Public

Third Quarter
1983

7.3
4.6
2.3
3.2
4.1
3.2
2.8
3.7
3.9
3.3
5.0

Areas

1981
Average

10.5
4.1
2.5
4.1
2.8
3.4
4.0
7.1
7.1
6.0
4.9

1982
Average

9.2
4.0
3.3
5.0
3.6
5.5
5.1
6.8
-
4.7
4.6

Natural background (excluding cosmic radiation) and airborne
releases from CRNL
This TLD location is across the river from CRNL and is not
accessible for much of the year. Thus the TLD's are changed less
frequently and the exposure periods do not correspond to those of the
other TLD locationso
Harrington Bay. P.Q., 11 km east from plant stack.
*1 R = 2.58x10-* c.kg-1.

Gamma Exposure Rates at CRNL - E.L. Cooper, D.E. Clegg, P.C. Beaulieu
and L.A. Mask

Shielded (indoor) and unshielded (outdoor) gamma ray exposure
rates in the CRNL exclusion area are given in Table 3.5.2B. The
reduction in exposure rates observed in Building 513 is due to
shielding from 35 cm of concrete in the floors above the detector.
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Table 3.5.2B. Gamma Exposure Rates1 in Exclusion Area
^ 1

Location
(Fig. 3.2)

9

102

11

163

Second Quarter
1983

20.6

11.5

9.2

9.2

Third Quarter
1983

19.7

8.7

5.5

8.2

1981
Average

34.5

12,9

12.8

10.9

1982
Average

22.7

10.8

6.8

10.1

Sum of gamma natural background (excluding cosmic radiation) and
airborne releases from CRNL.

2First floor office in Building 513.
3Office in CRNL cafeteria.
*R = 2.58xl0""4 C.kg"1.

Radionuclides in Precipitation and the Ottawa River - E.L. Cooper,
D.E. Clegg, P.C. Beaulieu, L.A. Mask and H.M. McLaughlin

Precipitation samples collected at Deep River were analyzedsamp
radiochetnically for "^Sr and spectrometrically for ^37Q S an(j
other gamma emitters. Monthly composite samples of water from the
Ottawa River, collected at Rolphton, Deep River, Pembroke and CRNL,
were also analyzed for gamma-emitting nuclides, tritium and *0gr>

The results are shown in Figure 3.5.2A.

Radionuclides in Surface Water - E.L. Cooper, P.C. Beaulieu,
D.E. Clegg and L.A. Mask

Weekly samples and flow readings were taken at weirs on the
surface streams carrying contaminated seepage water from the Waste
Management Areas into Perch and Maskinonge Lakes (see Figure 3.2).
Most samples were combined and analyzed monthly for 3H as well as
quarterly for gamma-emitting radionuclides and °Sr.
Strontium-90, °°Co and H are still the main contaminants in the
Perch Lake basin.

Radionuclides in Liquid Effluents - E.L. Cooper, n.E. Clegg,
P.C. Beaulieu, L.A. Mask and H.M. McLaughlin

At CRNL, three liquid effluent streams discharge radionuclides 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
nuclides. Also sampled regularly are Perch Creek and Duke Stream. The
former drains Perch Lake and the Waste Management Areas A and B and
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flows Into the Ottawa River. The latter drains Waste Management Area C
and flows into Maskinonge Lake.

The mean daily releases from the Process Sewer are given in Table
3.5.2C for the second quarter of 1983 and the third quarter of 1983.
Most of the radionuclides are measured by gamma ray spectrometry.
Other releases are shown in Figure 3.5.2B. The daily releases have
been calculated from the measured flow rates and radionuclide
concentrations in individual streams. Since 1980, the plutonium
discharges have been expressed in terms of activity per day rather than
mass per day. Since we do not distinguish "°pu from ^40pu
and the two isotopes have different half-lives, this is a more
meaningful expression; the values for plutonium therefore represent

°Pu plus ^40pu# p o r comparison with previous release rates
the conversion factor is 1 mCi (37 MBq)=16.3 mg for 239pu.

The tritium concentrations, determined by liquid scintillation
counting, are summarized in Tables 3.5.2D and 3.5.2E, together with the
activities released during the second quarter of 1983 and the third
quarter of 1983.

These surveys of liquid effluents have shown that in all cases the
radioactivity released either directly or indirectly to the Ottawa
River has been less than 1% of the Derived Release Limit (DRL). Thus
no significant effect on the environment resulting from operations at
CRNL has been detected.
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Table 3.5.2C. Mean Daily Releases* from the Process Sewer

Mean Daily Releases

Radionuclides

90
Sr

137
Cs

144Ce

106
Ru

140
Ba

131.

239

95

Np

Zr

54
Mn

46

59

Sc

Fe

65

60

Zn

Co

Second Quarter 1983 Third Quarter 1983
MBq/d % of DRL** MBq/d % of DRL**

32

210

120

£38

£100

1.7xlO3

£350

£120

98

190

200

170

160

6.9x10-4

7.1x10
-2

5.3x10-4

<2.1xlO-4

<6.5xl0
,-5

3.7x10-2

<3.5xl0-5

<5.9xlO-5

9.2x10-5

1.4x10.-4

1.9x10,-4

5.5x10
-3

1.1x10
-2

12

62

46

£27

160

56

£300

150

£69

84

160

120

130

2.6x10-4

2.1x10-2

2.0x10-4

<1.5xlO-4

1.0x10-4

1.2x10-3

<3.0xl0-5

7.4x10-5

<5.4x10,-5

6.2x10
-5

1.5x10-4

3.9x10
-3

9.1x10
-3

* Release figures rounded to two significant digits.

(1 MBq = 27 y d ) .
** Derived Release Limit. The percent of DRL figures have been
calculated from the DRL values given in AECL-7243.



- 71 -

Table 3.5.2D. Tritium in Streams in the Exclusion Area
Second Quarter 1983

Concentration Quarterly Release Percent of

Process Sewer

Sani tary Sewer

04 Storm Sewer
(p lus 04A)

Perch Creek Weir

Duke Stream

MBq/nr'

2 .1

1.3

14

8.9

332

GBq

2.5x l0 4

78

5.6xlO3

1.4xl04

l .OxlO4

DRL**

2.8xlO~2

8.9xlO~5

6.3xlO~3

1.6x10 *"

1.2xl0~

Table 3.5.2E. Tritium in Streams in the Exclusion Area
Third Quarter 1983.

Concentration Quarterly Release Percent of
DRL*

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

MBq/mJ

1.6

1.4

12

11

454

GBq

2.4x10

73

1.2x10

1.0x10

7.6x10

2.7x10

8.3x10

1.4x10

1.2x10

8.7x10

-5

-3

-3

-3

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

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

1 MBq =* 27 yCi, 1 GBq = 27 mCi.

^Ar in the CRNL Stack Effluent Argon - D.P. Wildsmith and
D.E. Clegg

Periodic sampling and measurement of the ̂ Ar released from
the main reactor stack continues. These results provide a calibration
for our continuous ^Ar monitor on the stack. The rate of release
of ^1Ar depends on the power levels of NRX and NRU. In NRU, CO2

in the J-rod annulus replaces moist air to reduce corrosion of the
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reactor vessel and also reduces the ^Ar release rate per unit
power level. The monitoring results therefore indicate changes in the
operating conditions of the reactors and also provide an indication of
the effectiveness of the C0£ system.

The results obtained to date for 1983 are given in Table 3.5.2F.

Table 3.5.2F. Measured 41Ar Releases from Main Stack - 1983

Sampling

Date

Feb 17

May 12

July 28

Nov 22

1 TBq =

Time
(EST)

0830

0720

0742

0948

27 Ci

NRU

Power
MW

130

121

122

123

co2
%

Normal

Normal

Normal

Normal

NRX

Power
MW

Not
Operating

23

23

23

TBq.d"1

40

173

151

150

AAr

TBq.d

0

1

1

1

-W1

.3

.2

.0

.0

3.5.3 MONITORING PROGRAMS AND SERVICES

Environmental Research Branch Emergency Procedures - P.J. Barry,
D.R. Champ and ERB staff

An exercise designed to test the radiation emergency contingency
plan was conducted within the Environmental Research Branch (ERB) at
CRNL in 1983 October 13. ERB staff were divided into 2 groups (i) an
"umpire" team responsible for setting up and monitoring the exercise
and (ii) an emergency team responding to the exercise.

The principle objectives of the exercise were to ascertain overall
branch capability in an emergency and to identify where improvements
could be made to increase the effectiveness of the existing contingency
plan. The exercise involved all ERB staff and lasted 5 hours. A
report detailing exercise scenario, team response to the simulated
events and recommendations for improving existing procedures is being
prepared.

Staff Training for Emergency Response - E.L. Cooper and D.E. Clegg

In order to prepare staff to respond according to the
Environmental Research Branch section of the CRNL Off-Site Contingency
Plan, a number of training sessions were held during the fall. These
sessions involved lectures, demonstrations and "hands-on" experience.
The areas covered included: using the CRNL road monitor, using the
CRNL aerial monitor, using the portable gamma-ray spectrometer, using
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radiation survey instruments and locating and collecting environmental
TLD's. The effectiveness of this training was tested in the
Environmental Research Branch emergency exercise.

Emergency Procedures - Computer Analyses - E. Robertson

The emergency exercise held October 13 revealed some problems in
the computer codes to estimate atmospheric dispersion. These have been
corrected and ^ 1 dose calculations have been added. A set of
graphs has been prepared for quick estimates of dose vs distance for
each Pasquil weather category for unit release rates.

CRNL Climatological Report - P.C. Jay

Monthly meteorological data including maximum and minimum
temperatures and precipitation are sent to the Atmospheric Environment
Service in Toronto in cooperation with the other network stations
across Canada.

August and September 1983 were two of the warmest months on record
at CRNL with total Heating Degree-Days of 23.5 and 105 respectively.

Meteorological Support of Hybrid Heating Experiment - P.C. Jay and
F.C. Brown

Data are compiled and sent each month to R.K. Elliott, Design and
Technical Services Branch, in support for the hydrid heating experiment
by CRNL and Deep River Hydro.

Canadian Air and Precipitation Monitoring Network (CAPMON) -
D. Wildsmith, P.C. Jay, J.H. Munch and S. Welch

In cooperation with the Atmospheric Environment Service of Canada,
the CAPMON monitoring site at CRNL continues to be monitored daily.
The Sangamo preciptation collector bag has been redesigned and now
incorporates a plastic bag as a precipitation collector. This lessens
the chance of any contamination of the sample. The air filter packs
have also been redesigned and are now shipped to Downsview, for
analyses, as a complete unit rather than being disassembled and
repacked at the individual sites. This too lessens the chance of any
contamination.

Beginning on 1983 December 5, Environment Canada began issuing
weekly acid rain bulletins to the news media in order to increase
public awareness of the problem in Canada. We are supplying data from
this area.

The data, consisting of the pH values and amounts of
precipitation, are phoned to Downsview each week. To facilitate these
pH readings an additional Sangamo precipitation collector was installed
at the CAPMON site.
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For the month of December 1983 there have been eleven
precipitation events with a mean pH value of 5.06 within a range of
4.18 to 6.08.

Hydrological Data at Perch Lake - P.C. Jay

The stream gauging weirs in the Perch Lake Basin are routinely
surveyed and water levels are taken manually twice a week and tabulated
on the recorder charts at each weir. These recorder charts are then
sent to Water Survey of Canada (Environment Canada) for interpretation
and estimation of Perch Lake Outlet and Inlet flows.

The small building which houses the recorder and stilling well at
#5 inlet has been thermally insulated and a new propane heater
installed to prevent ice forming in the weir. With the exception of
East Swamp Stream weir which requires a heater, all weirs in the Perch
Lake Basin are operating.
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3.6 PAPERS AND VERBAL PRESENTATIONS

3.6.1 PRESENTED PAPERS

Barry, P.J. and E. Robertson. "Use of Radioactive Tritlated Water to
Study Evaporation from a Small Natural Lake." Presentation. Can.
Met. and Oceanographic Soc. Banff, 1983 May.

Barry, P.J., R.M. Brown, R.J. Cornett, R.W.n. Killey, A. Price,
G. Kelly. "Snow Melt in a Northern Basin." Abstract to be
presented at the Fifth Northern Research Basins Symposium and
Workshop, Viermaki, Finland, 1984 March 19-23.

Brown, R.M., R.W.D. Killey and D.R. Lee. "Techniques used in Isotope
Hydrology Studies at Chalk River." Presented at IAEA Symposium on
Isotope Hydrology in Water Resources Development, Vienna, Austria,
1983 September 12-16.

Brown, R.M. "Low Level Measurement of ^H and 1'*c." Presented
at Workshop on Analytical Chemistry Related to Canada's Nuclear
Industry, Hecla Island, Manitoba, 1983 October 24-26.

Champ, D.R. and R.M. Brown. "Environmental Pathways of Tritium."
Proceedings of the European Seminar on Risks of Tritium Exposure,
EEC Mol. 1982. In press.

Champ, D.R., D.K. Myers and P. Unrau. "Biological Effects of Tritium."
Proceedings of the European Seminar on Risks of Tritium Exposure,
EEC, Mol. 1982. In press.

Champ, D.R. and J.R. Johnson. "Tritium Metabolism and Dosimetry."
Proceedings of the European Seminar on Risks of Tritium Exposure,
EEC, Mol. 1982. In press.

Clegg, D.E. "Further Studies of the Speciation of Contaminants in
Groundwater." Presented at Workshop on Analytical Chemistry Related
to Canada's Nuclear Industry, Hecla Island, Manitoba, 1983
October 24-26.

Judd, J.M. "Anion Analysis of Environmental Water Samples by Ion
Chromatograph." Presented at the Workshop on Analytical Chemistry
related to Canada's Nuclear Industry, Hecla Island, Manitoba,
1983 October 24-26.

Killey, R.W.D. and A.P. Annan. "Stratigraphic Information from Impulse
Radar Profiling Over Unconsolidated Sands." Proceedings of the
EMR/AECL Special Workshop on Geophysical Results at Chalk River,
Ottawa, 1983 December 14-15. In press.

Lee, D.R. "Evidence for Connection of Bedrock Groundwaters with
Maskinonge Lake, Chalk River." Presented at EMR/AECL Special
Workshop on Geophysical Results, Ottawa, 1983 December 14-15. In
press.
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Milton, G.M. and R.M. Brown. "Uranium Series Disequilibrium in the
Canadian Shield: A Case Study." Presented at the Geological Assoc.
of Canada Annual Meeting, Victoria, B.C., 1983 May 11-13.

Milton, G.M. and R.M. Brown. "Uranium Series Disequilibrium in Rock
Water Systems of the Canadian Shield." Presented at IAEA Symposium
on Isotope Hydrology in Water Resources Development, Vienna, Austria
1983 September 12-16. Proceedings in press.

Osborne, R.V. "Developments in Defining Objectives for Waste
Management." Abstract to be presented to Canadian Radiation
Protection Association Annual General Meeting, Banff, Alberta,
1984 April 30/May 1,2.

Winters, S.L. and D.R. Lee. "Organic Solute Transport in Groundwater
Discharge Environments." Abstract to be presented at Second
International Conference on Groundwater Quality Research, Tulsa, OK,
1984 March 26-29.

3.6.2 LECTURES AND TALKS

Champ, D.R. "Environmental Research." Tour of Perch Lake and
Discussions with Dr. Bertoni from the Argentinian Delegation,
1983 June 22.

Champ, D.R. "Experimental Studies at Chalk River in Contaminant
Migration in Groundwater." Half-day seminar to Water Resources
Section of Ontario Ministry of the Environment, 1983 October 24.

Champ, D.R. "Environmental Research at Chalk River." Discussion and
tour of Perch Lake with Yugoslavian delegation, 1983 November 7.

Champ, D.R. "How does Nuclear Power affect our Health and
Environment?" Public Affairs Branch seminar to CRNL staff,
1983 November 9.

Champ, D.R. "Environmental Hazards - How do you Assess?" Seminar to
high school students, 1983 November 24.

Cooper, E.L. "Environmental Radioactivity." Presented at the 25th
Annual Radiation Protection Course, CRNL, 1983 October 5.

Cooper, E.L. "Radiation Safety." Presented at Imperial Oil,
Dartmouth, N.S., 1983 November 26.

Cooper, E.L. Series of lectures on "Radiotracer Flow Measurements and
Handling of Radioisotopes." Presented at Glace Bay Heavy Water
Plant, 1983 December 3-5.

Cornett, R.J. "Environmental Research." Talk to Queen's University
Forestry Students, 1983 September.
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Cornett, R.J. "y andaSpectrometry." Talks to CRNL Radiation
Protection Course, 1983 October 3-4.

Cornett, R.J. "Predicting and Interpreting Oxygen Deficits." Fresh
Water Institute, Winnipeg, 1983.

Lee, D.R. "Environmental Research Field Sites." Radiation Protection
Course, 1983 October 5.

Lee, D.R. "Measurement of Fracture Flow at Chalk River using the
Borehole Dilution Technique." Department of Earth Sciences Seminar,
University of Waterloo, 1983 September 27.

Osborne, R.V. "Environmental Research." Radiation Protection Course,
1983 October.

Welch, S.J. "A Device for Monitoring and Sampling Several Intervals in
a Single Borehole." ERB technical seminar, 1983 December.

Welch, S.J. Summary of "Workshop on Geophysical and Related
Geoscientific Studies at Chalk River." ERB technical seminar,
1983 December.

Workman, W.J.G. "Measurement of C-14, Tritium and Rn-222 in
Environmental Samples using Liquid Scintillation Counting."
ERB technical seminar, 1983 October.

Young, J.L. "Organic Carbon Analysis." ERB technical seminar,
1983 September 22.

3.6.3 PUBLICATIONS

Barry, P.J. and E. Robertson. "LEEM - A Lake Energy and Evaporation
Model Users Manual." 1983, AECL-8178.

Barry, P.J. and E. Robertson. "A Model of Thermocline Formation."
Submitted to J. Limnology and Oceanography.

Brown, R.M., H.R. Andrews, G.C. Ball, N. Burn, Y. Imahori,
J.C.D. Milton and E.L. Fireman. fll*C Content of Ten Meteorites
Measured by Tandem Accelerator Mass Spectrometry." Earth and
Planetary Science Letters, 1984. In press.

Brown, R.M., H.R. Andrews, G.C. Ball, N. Burn, Y. Imahori and
J.C.D. Milton. "Accelerator 14C Dating of the 'Taber Child'."
Can. J. Archaeology, 1984. In press.

Champ, D.R., G.L. Moltyaner, J.L. Young and P.L. Lapcevic. "A Field
Column Technique for the Determination of Mass Transport
Parameters." In preparation for submission to Water Resources
Research.
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FIGURE 3.2 LOCATION MAP. CHALK RIVER NUCLEAR LABORATORIES PROPERTY.
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FIGURE 3.5.2A: Monthly Average Concentration of Cesium-137 and
Strontiura-90 in the Ottawa River at Rolphton,
Deep River and Pembroke during 1983.

*Health and Welfare Canada's recommended target concentrations for
Cesium-137 and Strontium-90 in drinking water are 5 x 103 Bq.m3 and
1 x 10^ Bq.m3, respectively. The target concentrations have been
derived to correspond to 0.1% of the ICRP recommended annual
occupational dose-equivalent for continuous exposure.
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4. RADIATION BIOLOGY BRANCH

by

D.K. Myers

4.1 Staff

4.2 Aims of the Branch

4.3 Screening for Genotoxic Chemicals by Determination of DNA Damage in
Mouse Organs Using the FADU Procedure

4.4 Measurement of Catalase and Superoxide Dismutase Levels in Mouse
Epidermis

4.5 DNA Damage in Human White Blood Cells by a Known Human Carcinogen,
Diethylstilbestrol

4.6 Comparison of DNA Damage with Other Cell Damage Caused by Tumor
Promotors

4.7 Dimer-Containing Excision Products in UV-Irradiated Cultured Human
Cells

4.8 Use of "Excision Fragments" as an Enrichment Method to Increase the
Sensitivity of DNA Repair Measurements

4.9 Selective Destruction of Non-Dimerized Pyrimidine Bases in DNA Isolated
from UV-Irradiated Human Cells

4.10 Normal Range of Radioresponse of Cultured Human Fibroblasts

4.11 Carcinogen Screening of Cultured Fibroblasts from Members of
Cancer-Prone Families

4.12 Hypersensitivity of a Human Fetal Fibroblast Line to Killing by Various
Alkylating Agents

4.13 Absence of O^-Methylguanine - DNA Methyltransferase Activity in a
Human Fetal Fibroblast Line

4.14 Analysis of 3-Methyladenine and 7-Methylguanine DNA Glycosylase
Activities in Human Fetal Cell Extracts

4.15 Accumulation of Aberrant Repaii-Generated Sites in DNA During
Incubation of UV-Damaged Xerod'rma Pigmentosum Cells

4.16 Development of a Rapid Screening Procedure for Radiosensitive
Individuals
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4.17 Ouantitation of Mitomycin C - Induced DNA Interstrand Crosslinks in
Cultured Human Cells, Using Alkaline Flution

4.18 PNA Damage and Pepair In Li-Fraumeni Syndrome Cultured Human Strains

4.19 Rapid Assay for Fstimation of Cytotoxicity

4.20 Development of a Lesion- and Site-Specific Repair Assay

4.21 Transformation of Mammalian Cells in Culture to Oncogene Expression and
Antibiotic Resistance by DNA-Mediated Gene Transfer Coupled to the Use
of DNA Damaging Agents

4.22 Effect of Dose Rate of Ionizing Irradiation on Mammary Tumorigenesis in
the Sprague Dawley Rat

4.23 Germ-free Mouse Colony

4.24 An Oxygen Effect for Y-Ray Induction of Radiation Resistance in Yeast

4.25 The Effects of Hyperthermia and Ionizing Radiation in Normal and Ataxia
Telangiectasia Human Fibroblast Lines

4.26 The Search for Mitotic Recombination in Mice

4.27 Assessment of Radiation Hazards to Human Populations

4.28 Low Dose - Low Dose Rate Genetic Fffects of Ionizing Radiation in
Yeast

4.29 Development of a Plasmid with Mutiple Inserts of the Human Proinsulin
Gene of Thymidine Kinase

4.30 Development of a Colony Counter bsing Intelligent Sensing

4.31 Follow-TIp of Past CRNL Employees

4.32 Publications

4.33 Committee Reports

4.34 Patents

4.35 Verbal Presentations
4.35.1 Lectures or Seminars
4.35.2 Local Talks
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Editor of Current Progress Report.

(2)
Junior Summer Student terminated 1983 September 02.

(3)
Leave of absence at the University of Colorado for 1 year as of

1983 August 01.

" National Sumer Student terminated 1983 August 24.

Canadore Student as of 1983 September 16 and terminated 1983 December 21.

^ ^National Summer Student terminated 1983 August 26.

Attached Staff under contract with the U.S. National Cancer Institute
Contract No. N0181002 (REP No. NCl-CP-FS-81002-65).

/ON

^ ^National Summer Student terminated 1983 August 26.
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4.2 AIMS OF THE BRANCH

Research in the »uiation Biology Branch is directed towards
improving our understanding of the effects of ionizing radiation on
living cells and of the response of cells to this challenge. Since
it is generally believed that, in terms of mutagenic and carcinogenic
hazards, the most critical target in cells is DNA (the carrier of
hereditary information), much of the emphasis of our research program
deals directly or indirectly with DNA. We have studied the nature of
DNA damage from exposure to radiation and cancer-causing chemicals
and the enzymatic "repair processes" which help to protect cells from
these insults. It is hoped that our studies at the molecular and
cellular level, together with studies using whole animals, will provide
an improved basis for predicting effects of radiation on human
populations.

4.3 SCREENING FOR GENOTOXIC CHEMICALS BY DETERMINATION OF DNA DAMAGE IN
MOUSE ORGANS USING THE FADU PROCEDURE
- H.C. Birnboim, M.C. Wolfgram, N.J. Gragtmans and R. McCann

This project is part of an international study designed to
compare, using a series of analytical tests, the ability of a standard
set of chemicals to cause damage to DNA in the internal organs of an
experimental animal. The study is entitled the "International
Programme on Chemical Safety - Collaborative Study on Short-Term Tests
for Genotoxicity and Carcinogenicity", and is organized under the
auspices of the World Health Organization. Earlier we were able to
show that DNA in cells from some organs (spleen, thymus, bone marrow
and mesenteric lymph nodes) suffered DNA strand break damage (as
detected by the FADU technique developed at CRNL) when mice were
exposed to the direct acting genotoxin, methylmethane sulfonate.
However, damage after exposure to the carcinogen, benzo[a]pyrene (BP),
was not detectable. We believed that this was probably due to two
principal reasons. First, the principal organ for 'activation' of
this chemical was the liver, not the other organs we had been able to
examine. Secondly, attack of the 'activated' form of this chemical on
DNA was at sites (guanine residues) that did not convert to strand
breaks.

To proceed further, we again attempted to prepare liver DNA with
a low 'background' level of strand breaks, so that additional breaks
from the administered chemical could more readily be seen. This was
a non-trivial problem because the liver is a solid organ composed of
very large cell. ; this means that even mild homogenization to prepare
the cell suspension required for FADU will likely break open the cells
and allow endogenous nucleases to attack the DNA. We have now been
partially successful in preparing intact DNA; the factors which seem
to be most important during extraction are speed and low temperature.
However, when BP was administered orally or by other routes to mice,
again very little damage could reproducibly be detected.
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Recent experiments have been more encouraging. We designed a
protocol to convert damage to guanine residues in DNA to strand
breaks which are recognizable by FADU. Damaged guanine residues are
normally 'repaired' by cellular enzymes which produce a transient
strand break. We have found that administration of an inhibitor of
strand break repair following BP causes a synergistic increase in the
number of breaks observed, as compared to either chemical alone. This
approach is being pursued further.

4.4 MEASUREMENT OF CATALASE AND SUPEROXIDE DISMUTASE LEVELS IN MOUSE
EPIDERMIS
- H.C. Birnboim, D.P. Morrison and T.L. Joyce

Earlier we have proposed that tumor 'promotion' in mouse skii; ,-y
phorbol esters involves generation of active oxygen species (such as
hydrogen peroxide and superoxide anion) by phagocytic white cells in
the dermis of inflammed skin. These species are viewed as diffusing
into the epidermis and causing damage to cells of the basal layer.
Since mouse strains are known to vary in their sensitivity to phorbol
esters, we have carried out a comparison of these strains to see if
they differ in their levels of catalase and superoxide dismutase, two
important enzymes involved in removal of active oxygen species. Thus
far, techniques have been established to prepare epidermal extracts
and to measure levels of these enzyme activities.

4.5 DNA DAMAGE IN HUMAN WHITE BLOOD CELLS BY A KNOWN HUMAN CARCINOGEN,
DIETHYLSTILBESTROL
- H.C. Birnboim, J.J. Jevcak, A.G. Knight and M. Plattner*

Diethylstilbestrol (DES) is one of the clearest examples of a
defined chemical which has been shown to cause human cancer. Because
of its potent estrogenic hormone activity, it was used clinically in
treatment of certain problems of pregnancy before it was recognized
that it lead to cancer in a proportion of girls born to treated
mothers. Despite extensive study, the mechanism of its carcinogenic
action is uncertain. In our study, we exposed human white cells to DES
and found that strand break damage could be detected by the FADU
technique. This is of interest because we have previously proposed
that strand breakage is involved in tumor 'promotion'. However, when
explored further, it was clear that substantial cell killing (i.e., by
the trypan blue staining test) accompanied the DNA damage. Whether
damage was primary or secondary to cell killing could not be determined
with certainty and thus it remains unclear whether the strand breakage
is important in the carcinogenic process.

* Medical Branch
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4.6 COMPARISON OF DNA DAMAGE WITH OTHER CELL DAMAGE CAUSED BY TUMOR
PROMOTORS
- H.C. Birnboim, J.J. Jevcak, P.G. Knight and M. Plattner*

We have shown earlier that several chemicals known to be active
as tumor promotors in mouse skin all have in common the ability to
cause DNA damage in human white cells, as determined by the FADU
technique. In trying to assess the significance of this observation
in terms of the underlying mechanisms of tumor promotion, we have
looked in parallel at two other cellular endpoints, cell viability
(with trypan blue staining) and cell-associated levels of glutathione
(an important anti-oxidant). This study is not yet complete but
evidence to date does suggest that, for approximately equal levels
of DNA damage, tumor promotors do vary significantly in these other
end-points, supporting the notion that DNA damage is the significant
event, and that it is not secondary to, for example, serious membrane
damage.

* Medical Branch

4.7 DIMER-CONTAINING EXCISION PRODUCTS IN UV-IRRADIATED CULTURED HUMAN
CELLS
- N.E. Gentner, M. Weinfeld, L.D. Johnson and M.C. Paterson

A sensitive reverse phase HPLC procedure was developed for
separating all three cyclobutyl pyrimidine dimer species (Ura<>Ura,
Ura<>Thy, ThyOThy) obtained after acid hydrolysis of DNA isolated
from UV-irradiated human cells. The separation exploited the
differences in hydrophobicity of these molecules, according to whether
they had 0, 1 or 2 methyl substituents, respectively (J. Chromatog.
280, 99-108 [1983]). This sytem has been of considerable value as
well in defining a previously undetected step in the pathway by which
human cells repair UV damage to their DNA. These studies concentrated
on the excision fragments released into the cellular milieu during the
course of repair.

If the internal incision observed in XP group D fibroblasts which
have been UV-irradiated and incubated is an initial step in the
excision-repair pathway for UV-induced cyclobutane dimers, then this
phosphodiester bond (between the two pyrimidine moieties forming the
dimer) should be found to be cleaved in the excised dimer products in
normal repair-proficient cells. The majority of such dimers excised
from DNA in cultured normal human fibroblasts remain inside the cell
at 24 h post-UV incubation and can be recovered in a TCA-soluble
fraction. Components in this fraction have been purified on both
reverse phase (RP) and strong anion exchange (SAX) HPLC columns. The
excised dimers are present in oligodeoxyribonucleotide fragments of
chain length 4-6. These fragments are not substrates for enzymatic
photoreactivation (photolyase plus visible light). On photochemical
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reversal (254 nm; 5500 J/m2), both free dThd and dTMP are released,
but not free thymine. The absence of thymine release indicates that
human UV-endonuclease, unlike the T4 and M. luteus enzymes, does not
act by a combined N-glycosylase/AP-endonuclease sequence. The amount
of dThd and dTMP released is 50-70% that of the number of photoreversed
ditners. This suggests that 50-70% of the excised oligonucleotides
contain the dimer at one end (whether 5' or 3' is not presently known)
and have a phosphodiester nick within the dimer.

On SAX-HPLC, the release of dTMP on photochemical reversal (PR) of
dimers can be seen directly because this product chromatographs with a
capacity factor different fron that of any of the species of dimer-
containing oligonucleotides. Release of dThd on PR, however, occurs in
a region (the column void volume) with high background. Hence most of
our studies have employed RP-HPLC to identify the products released on
PR. On RP-HPLC, however, the excision fragments and dTMP, both being
charged and hence relatively hydrophilic, have overlapping capacity
factors. The following six-step protocol was therefore developed to
establish the existence of an internal incision: (i) An aliquot is
run directly on RP-HPLC so that the initial quantity of free Thy and
dThd in the TCA soluble fraction can be estimated. Typically these
are very low. (ii) Another aliquot is incubated with bacterial alkaline
phosphatase (BAP) and then analysed by RP-HPLC. Any increase in dThd
over that in [ij is attributed to dTMP. (iii) After PR, another aliquot
is run to determine release of Thy (typically none) or dThd, again by
reference to the first analysis. In this case, any dTMP released
would be masked by the excision fragments. (iv) After PR plus BAP, the
increase in dThd compared to [iii] is taken as representative of dTMP
formed by PR. (v) the dimer content in the TCA-soluble fraction is
measured after HC00H hydrolysis, using the RP-HPLC system referred to
in the introductory paragraph, (vi) PR plus HCOOH hydrolysis followed
by RP-HPLC analysis gives the dimer content remaining after PR. The
difference between [v] and [vi] is the number of dimers monomerized,
which is then related to the amount of dThd and dTMP formed (steps
[iii] and [iv]) in consequence.

Formic acid hydrolysates of the TCA-soluble fraction from XP
complementation group D cells, treated in an identical manner to normal
cells, revealed that no excision of cyclobutane dimers occurs during
the first 24 h of post-UV incubation.

The SAX-HPLC separation pattern of excision fragments at 6 h
post-UV incubation is similar to that obtained at 24 h. This suggests
that the dimer-containing oligonucleotides observed represent the
direct products of excision and do not arise from post-excision
enzymatic events in the cell cytoplasm.
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Determination of whether the dTMP released is 5'-dTMP or 3'-dTMP
would serve to define the nature of the internal incision. It is not
possible to ascribe the radioactivity directly appearing on SAX-HPLC
after PR to one or the other, however, since they elute at nearly the
same position. Our proposed strategy is to treat the released and
purified dTMP species with polynucleotide kinase plus ATP; of the two
possibilities, only 3'-dTMP will be phosphorylated, and 3', 5'-dTDP, if
formed, can be identified by its markedly different capacity factor
on SAX-HPLC.

4.8 USE OF "EXCISION FRAGMENTS" AS AN ENRICHMENT METHOD TO INCREASE THE
SENSITIVITY OF DNA REPAIR MEASUREMENTS
- N.E. Centner, L.D. Johnson and M. Weinfeld

In the excision fragments from [3H]dThd-labelled, UV-irradiated
and incubated human cells, the number of counts in Ura<>Thy, Thy<>Thy
and Thy in formic acid hydrolysates are of similar orders of magnitude.
This represents an enrichment of dimer counts relative to Thy counts
of several thousand-fold compared to that in DNA. It has not escaped
our notice that a tremendous potential exists for increasing the
sensitivity of UV repair measurements, and presumably for the repair
of adducts formed by carcinogenic chemicals as well, if the content
of lesions in these excision fragments is assayed rather than the content
remaining in DNA. Certainly the method is applicable to measuring rates
of repair at early times (e.g. <24 h for cyclobutane pyrimidine dimers),
At longer times, the lesions may be released from cell cytoplasm into
the extracellular medium, a possibility that is now under investigation.

4.9 SELECTIVE DESTRUCTION OF NON-DIMERIZED PYRIMIDINE BASES IN DNA ISOLATED
FROM UV-IRRADIATED HUMAN CELLS
- M. Weinfeld, N.E. Gentner and M.C. Paterson

The kinetics for excision repair of UV-induced pyrimidine dimers
are usually monitored by following the disappearance of radioactivity
labelled dimers from acid hydrolysates of the TCA-insoluble fraction,
i.e. chromosomal DNA. A major problem witb this approach has always
been the vastly greater number of counts, approaching lO^-fold at
biologically significant doses for cultured human cells, in normal
pyrimidine bases. Furthermore, even in our reverse phase HPLC dimer
assay, in which thymine bases elute much later than the cyclobutane
dimers, a substantial contribution of counts in the dimer regions,
representing radiolytic products from thymine, complicates dimer
quantitation in DNA hydrolysates. We are currently investigating
hydrazinolysis of the DNA (to release counts in non-dimerized
pyrimidines from acid-precipitable material) prior to acid hydrolysis
and HPLC analysis as a way of reducing substantially the "background
noise" in the dimer regions.
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4.10 NORMAL RANGE OF RADIORESPONSE OF CULTURED HUMAN FIBROBLASTS
- M.C. Paterson, B. Zohr, B.P. Smith, S.J. MacFarlane and N.E. Gentner

This comprehensive study was designed to define the typical
response of a "normal" cell line to inactivation of colony-forming
ability by acute oxic y-irradiation. The following three variables
were selected for special attention: (i) age in vivo (donor age at
biopsy); (ii) age in vitro (strain age in culture, expressed as
passage number); and (iii) cell plating efficiency. Twelve cell lines
are included in this on-going study, which will require at least another
year to complete.

A substantial amount of data pertinent to the association between
cellular radioresponse and culture age however is already in hand for
one of the twelve normal strains — namely, GM38. A total of 68
independent survival experiments for oxic Y~radiation have been
performed during the past eight years; the passage numbers range from
11 to 29, the plating efficiencies from 3 to 68%, and the Dio's from
2.93 to 4.57 Gy. A statistical analysis of the relationship of Dio
with passage number, as well as D u with plating efficiency and
plating efficiency with passage number, has been performed. A
significant correlation at the P<0.05 level is observed for all three
relationships, indicating: (i) Dio decrease of 0.038 Gy for each
successive increment in passage number; (ii) a decrease in Dio of
0.0064 Gy for each 1% (absolute) decrease in plating efficiency; and
(iii) a 1.5% (absolute) decrease in plating efficiency for each
increment in passage number. The correlation of Dio with passage
number and of plating efficiency with passage number is not significant,
however, at least at the present number of determinations, when the
data for mid- and late-aged cultures are analyzed separately. Whether
similar patterns may hold for other strains in general and for
radiosensitive or radioresistant lines in particular, is not presently
known.

The results of this sort of analysis could be taken as indicating
that ^25% of the D m decrease with passage number (i.e. [0.0064 Gy
x 1.5]/0.038 = 0.25) might be attributable to plating efficiency
pev se. However, it is by no means clear that it is valid to so
ascribe particular contributions to Dio decrease at a given passage
number; if it were, the factor in (ii) above could be used to normalize
Dio values to a given plating efficiency. We hope that, as more data
accumulates within narrow ranges of passage number, we will be able to
determine whether such a "vertical" correction can be made. It appears,
given the scatter in Dio values, of the order of 50 such survival
experiments may be required to test significance adequately.
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Further, although the Dio decrease at late passage is highly
significant and its slope may be described by the average value quoted
above, a linear expression may not best describe the relationship. A
major portion of the observed Dio decrease may occur with the onset
of senescence, either in vivo (donor age in the seventh decade) or
in vitro (passage <21 in culture). We now match control strains closely
in age with experimental strains. To this end, we have requested that
henceforth the donor's age at biopsy be provided with each unknown
strain sent for testing.

4.11 CARCINOGEN SCREENING OF CULTURED FIBROBLASTS FROM MEMBERS OF
CANCER-PRONE FAMILIES
- M.C. Paterson, B.P. Smith, P.A. Knight, B.M. Zohr, G. Norton,
S.J. MacFarlane, R.S. McWilliams, M.V. Middlestadt and N.E. Gentner

As part of our research program under contract with the U.S.
National Cancer Institute (No. N01-CP-21029 [Basic]: "In vitro
radiosensitivity and DNA repair in genetic syndromes and families at
high risk of milignancy"), we screen NCI "unknown" strains for their
colony-forming ability (CFA) response following acute exposure to oxic
y-radiation, far UV (254 nm), mitomycin C (MMC) and methylnitrosourea
(MNU). This model panel of test carcinogens was chosen because the
action of these agents encompasses the formation of a number of
critical types of DNA damage. Those strains displaying an abnormal
response in this CFA assay are channelled into DNA repair studies
which seek to correlate repair deficiency with carcinogen hypersensitivity.
For each agent, the D m (dose required to reduce CFA to 10%, including
its standard error) for an "unknown" test strain is compared to that of
a reference normal strain, using Student's t test and P<0.05 as the
level of significance. The reference "normal" is the average survival
response of all the different control strains from clinically normal
donors. Each unknown strain is classified as normal (N), sensitive (S).
or resistant (R) depending on whether its response to the given
carcinogen is not significantly different from, significantly more
sensitive than, or significantly more resistant than, respectively,
that of the reference "normal".

To date, 27 "unknown" strains have been subjected to this first
phase of our progressive screening protocol, and a total of 217
individual survival experiments (including controls) have been
performed. The tables summarizing CFA parameters occupy 8 closely
spaced pages thus far, and cannot be reproduced here. The number of
abnormal responses accumulated thus far are: for y, 6S and 3R; for
UV, 8S; for MMC, 6S and 3R; and for MNU, 4S and 6R.
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Of particular interest are the cell strains 2.675T, 2800T, 2824T
and 3437T, all belonging to the cancer family syndrome of Li and
Fraumeni. These cell lines generally exhibit one or more of the
following characteristics: slight radioresistance, MMC hyper-resistance,
and also greater than normal resistance to inactivation by alkylating
agents such as MNU. Strain 2800T, for example, is resistant to the
cytotoxic action of all three carcinogens. (One strain in NCI Family
0165 ["radioresistance phenotype"] that is an exception to this pattern
is 3546T, which is somewhat sensitive to these three agents and to
inactivation by far UV [254 nm] as well). Such groupings of resistance
(or sensitivity) may imply a common basis. The extent of radioresistance
in Li-Fraumeni syndrome (LFS) strains is not sufficiently great so as to
make it a convenient laboratory marker. MMC-resistance is greater, and
serves as a better laboratory hallmark. In terms of DNA repair studies,
however, this result does not necessarily mean that the "internal
dosimetry" (i.e. the initial amount of damage formed in vivo by a given
MMC treatment level) is the same in different strains. MMC is a chemical
that requires reductive activation, and the extent of activation (or,
alternatively, its uptake) may differ among strains. Thus, it is
important that we establish that differences in resistance do not merely
reflect differences in initial damage.

4.12 HYPERSENSITIVITY OF A HUMAN FETAL FIBROBLAST LINE TO KILLING BY VARIOUS
ALKYLATING AGENTS
- M.V. Middlestadt, G. Norton and M.C. Paterson

We have a human fetal fibroblast line (8 fetal weeks) which has
exhibited increased sensitivity to the cytotoxic effects of two
alkylating agents, N-methyl-N-nitrosourea (MNU) and N-methyl-N'-nitro-
fj-nitroso-guanidine (MNNG), each of which induces appreciable levels
of O^-methylguanine adducts in DNA. For example, based on Dio
analyses (chemical dose required to reduce survival to 10%), at the
earliest passage examined to date (passage 6) this line is M.8x [DRF
(dose reduction factor) = Di0(normal)/Di0(fetal line)] more sensitive
than representative normal lines, age-matched in vivo and in vitro.
However this factor increases to M 5 as the culture age of the fetal
line increases (passage 27). This marked hypersensitivity contrasts
to a slight sensitivity to methyl methanesulfonate (DRF = 1.7), and
agent which induces few Os-methylguanine adducts as part of its spectrum
of DNA alkylation products. Furthermore, this line is approximately
1.6x and 2.Ox more sensitive than a representative normal fetal line,
GM 10, to the cytotoxic effects of ethyl methanesulfonate and
ethylnitrosourea, respectively. It has been noted that the increasing
sensitivity, dependent upon the culture age of the fetal line, has been
observed only with MNU and MNNG, an observation which implicates the
faulty repair of O6-methylguanine adducts as at least part of the
reason for the observed hypersensitivity. However, that this fetal line
may exhibit defects in the repair of other DNA alkylation adducts as
well is suggested by the MMS and EMS survival data.
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4.13 ABSENCE OF O6-METHYLGUANINE - DNA METHYLTRANSFERASE ACTIVITY IN A
HUMAN FETAL FIBROBLAST LINE
- M.V. Middlestadt and M.C. Paterson

The persistence of O6-methylguanine (O6-MeG) adducts in DNA is
implicated in mutagenesis and carcinogenesis. No nontransformed
lines, but ^20% of human tumor strains, have been classified as
Mer~ by their reduced ability to support the growth of MNNG-treated
adenovirus. Mer~ cells also show hypersensitivity to inactivation
by 06-MeG - inducing chemicals and a deficiency in the repair of
this lesion, a process which is mediated by a suicidal methyltransferase
acceptor protein which directly removes the 06-G methyl group without
any DNA incision events. We have a human fibroblast line, obtained
from a presumably normal 8 week old fetus, which has demonstrated the
characteristics of a Mer~ line. Analysis of the ability of fetal cell
extracts to accept [3H]-Me groups transferred from an [3H]-MeG
labelled DNA substrate has shown that while a Mer+ control fetal line
contains a constitutive 06MeG - acceptor level of approximately
110,000 sites per cell, our possible Mer~ fetal line contains only
about 5% of this receptor level, a result in accord with the marked
hypersensitivity of this line to MNU- or MNNG-induced cell
inactivation. However, the 06MeG-DNA methyltransferase activity
remains at this low level, regardless of culture age. Hence, the
apparent absence of this methyl receptor DNA repair protein cannot
exclusively account for the marked increase in MNU-induced cell killing
seen with an increase in the culture age of the fetal strain. The
suggestion remains that other DNA repair activities will be deficient
in this line. Moreover, this strain may ultimately permit us to
clarify the role of the Mer~ phenotype in malignant transformation
of cells.

4.14 ANALYSIS OF 3-METHYLADENINE AND 7-METHYLGUANINE DNA GLYCOSYLASE
ACTIVITIES IN HUMAN FETAL CELL EXTRACTS
- M.V. Middlestadt, L.D. Johnson, N.E. Gentner and M.C. Paterson

A major product of the interaction of carcinogenic and mutagenic
methylating agents with DNA is 7-methylguanine (9-MeG). While 7-MeG
can diminish in vivo by spontaneous chemical hydrolysis, recent
evidence from other laboratories has suggested that in mammalian cells
7-MeG can be released by a DNA glycosylase activity as well.
Similarly, a separate 3-methyladenine-DNA glycosylase activity has
been identified in both mammalian and bacterial cells. We have been
interested in studying these DNA glycosylase activities since we are
currently attempting to identify the DNA repair defects in a human
fetal strain with pronounced sensitivities to various alkylating
agents. Following the protocol of Lawley and Warren, we have set up
a high-performance liquid chromatographic separation procedure to
quantitate the enzyme-mediated release of alkylated bases resulting
from incubation of a [3H]~MNU-treated DNA substrate with cell extracts
derived from our sensitive or from a representative normal fetal
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strains. This analysis may permit us to identify the repair defect(s)
which account for the passage-dependent increase in MNU-induced
inactivation observed in our sensitive fetal strain. Furthermore,
quantitation of the metabolic fate of a spectrum of alkylation
adducts in this sensitive line may permit us to correlate specific
repair deficiencies with lethal and mutagenic events.

4.15 ACCUMULATION OF ABERRANT REPAIR-GENERATED SITES IN DNA DURING
INCUBATION OF UV-DAMAGED XERODERMA PIGMENTOSUM CELLS
- M.C. Paterson and S.J. MacFarlane

Xeroderma pigmentosum (XP) cells from complementation groups A,
D, F and G all appear to act ineptly on a fraction of the UV-induced
pyrimidine dimer-containing sites in DNA, cleaving the phosphodiester
bond between the two pyrimidine bases forming the dimer without
restoring the sites to normal. This is inferred from the specific
appearance of single-strand breaks in DNA extracted from post-UV
incubated cells on exposure to A. nidutans photolyase in the presence
of visible light. The most reasonable hypothesis is that only the
dimer cyclobutane bridge preserves strand continuity at such sites.
This novel incision may be an early, perhaps the initial, step in the
normal excision repair process for UV-induced damage in human cells.

The nature of the internal termini (whether 3'-0H/5'-POi, or
3'-PO4/5'-OH) is not known at present. Incubation of isolated DNA
possessing such sites with polynucleotide ligase failed to remove such
aberrant sites, which suggest that the internal ends were not
3'-0H/5'-P0i», but this negative result may reflect inaccessibility of
the cleaved phosphodiester bond to the ligase enzyme. To test this
latter hypothesis, we attempted to construct the requisite ends for
ligation using alkaline phosphatase followed by polynucleotide kinase
action, a procedure that should yield ligatable ends regardless of
the nature of the initial break. However, no ligation resulted. It
now appears that the calf alkaline phosphatase used in these
experiments will not act as a phosphomonoesterase at internal sites.
Our results to date thus have not defined the nature of the internal
break.

In normal cells at 24h post-UV (40 J/m2) incubation, ̂ 40% of the
initial number of dimers can be found in TCA-soluble excision
fragments in cell cytoplasm. Using the "excision fragment" technique
(Sect. 4.8 ), Gentner and Weinfeld have shown that no such excised
dimers (<1%) were evident in XPgroup D cells, substantiating our
similar conclusion based on UV-endonuclease sensitive sites. However,
cells manifest a level of UV-induced repair replication ^15% that of
normal. We wish to determine whether this seemingly non-productive
repair synthesis occurs proximal to dimer-containing sites or not.
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This can be tested by allowing post-UV incubation and repair synthesis
to proceed in the presence of 5-bromodeoxyuridine (BrdUrd). On the
isolated DNA, if 313nm BrdUrd photolysis plus photoreactivation (PR)
causes no additional single strand breaks above those arising from PR
alone, then the repair synthesis would be considered to occur proximal
to the internally incised dimers.

4.16 DEVELOPMENT OF A RAPID SCREENING PROCEDURE FOR RADIOSENSITIVE
INDIVIDUALS
- M.C. Paterson and R.S. McWilliams

This assay monitors Y~raY inactivation of human peripheral blood
lymphocytes, and was explored in an attempt to develop a simple method
for widespread screening of individuals for cancer proneness. The
method was originally based on trypan blue dye exclusion as a test of
cell viability. This approach, requiring a technologist to spend
considerable time with a microscope scoring lymphocytes individually
for ability to exclude dye, proved to be too tedious and labour-
intensive for routine application. One promising avenue for automation
involved use of an electronic particle counter interfaced with a
multi-channel pulse height analyser to score live and dead cells
separately. (This distinction is made on the basis of apparent
difference in cell volume which arise due to differences in
susceptibility of membranes to dielectric breakdown when subjected to
high electrical currents). For all Y~rav doses tested, the progressive
decrease in viability with time after exposure, as determined by this
method, was virtually indistinguishable from that obtained by dye
exclusion. A substantial increase in throughput is now possible.

4.17 QUANTITATION OF MITOMYCIN C - INDUCED DNA INTERSTRAND CROSSLINKS IN
CULTURED HUMAN CELLS, USING ALKALINE ELUTION
- M.C. Paterson, R.S. McWilliams and N.E. Gentner

Cell strains from family members exhibiting the cancer-prone
Li-Fraumeni syndrome (LFS) are generally radioresistant; the
dose-modifying factor (DMF) relative to strains from normal donors is
in the order of 1.25 for oxic y~radiation. The radioresistant strains
appear to be resistant to the cytotoxic action of mitomycin C (MMC) as
well: 2800T has a DMF (Dio for MMC T DIO for normal control strain)
of about 2, while that for 3437T is greater chan 4. While there is no
question of the actual received dose in the case of ionizing radiation,
these LFS strains might be MMC-resistant because a lower level of
damage is deposited in cellular DNA, compared to normal strains, at a
given level of exposure to MMC. This drug is the prototype of the
"reductive activation" carcinogens, that is, it is not itself the
ultimate carcinogen. Hence a strain could be resistant, not because
of enhanced repair of the extant lesions, but rather because of
lesser uptake or activation of the drug. Because of the seeming
importance of MMC as a laboratory hallmark for LFS, we wished to
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determine whether the same amount of initial damage was deposited in
LFS as in normal strains, for a given treatment.

Interstrand crosslinks in DNA are deemed to be the critical type
of damage caused by MMC. Such crosslinks may be detected uniquely by
a variation of the alkaline elution assay, since they prevent unwinding,
and therefore elution of DNA through filters, in response to a "test"
ionizing radiation exposure given immediately prior to deposition of
cells on the filter. For strain 3437T, these experiments have now
clearly demonstrated that about 4x the MMC treatment level is required
to attain a given level of crosslinking as with GM 38 (normal). This
suggests that the apparent resistance of this strain may be due solely
to a lower extent of uptake and/or activation, unless repair of
MMC-induced damage was sufficiently more rapid, compared to normal
strains, so as to significantly reduce the actual amount of damage
present at the end of the treatment period (lh, 37°C, in growth
medium). This latter possibility is being tested using the alkaline
elution technique: as crosslinks are removed, repair is seen as an
increased elution response to a fixed Y~raY exposure delivered just
before assay.

In contrast, it appears that the LFS strain 2800T may well exhibit
the same level of MMC damage as in normal strains, based on studies
with 4-NQO, another pre-carcinogen requiring reductive activation.
Strain 2800T is to be tested with MMC in the alkaline elution system
as well.

Two further approaches to this question of "internal dosimetry"
with MMC are in progress: (1) MMC treatment under chronic hyproxia
is known to be more cytotoxic than treatment in the presence of oxygen.
If a strain is MMC-resistant because of a lesser extent of reductive
activation, the DMF (Dio ratio, test/normal strain) would be expected
to diminish in hyposia compared to oxia. (2) A system in the
literature has been validated for measuring MMC activation by cell
sonicates under hypoxia, using a TPNH-generating system and the
disappearance of MMC absorbance at 363nm. We are presently setting up
this system for use with cell sonicates from LFS and normal strains.

4.18 DNA DAMAGE AND REPAIR IN LI-FRAUMENI SYNDROME CULTURED HUMAN STRAINS
- R. Mirzayans and M.C. Paterson

Repair of ionizing radiation-induced DNA damage was measured in
cultured fibroblasts from normal individuals and from those exhibiting
the Li-Fraumeni syndrome (LFS), by alkaline sucrose gradient velocity
sedimentation following incubation both in the absence and presence of
cytosine arabinoside (araC). Lesion repair in the presence of araC
results in that site remaining "open", i.e. detectable as a single
strand break; this attempted but aborted repair is described as
"araC-inhibitable sites".
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The LFS strains 3437T and 2800T repaired y-induced single strand
breaks and/or alkali-labile lesions, and araC inhibitable sites, at the
same gross rate as did normal cells. With MMC, however, the number of
araC-inhibitable sites was too small to measure damage by this method
following exposure to this agent. However, both 3437T and 2800T have
now been demonstrated to be hyperresistant, compared to normal strains,
to the cytotoxic effect of 4-NQO, a pre-carcinogen that (like MMC)
requires reductive activation, and sufficient numbers of araC-inhibitable
sites are formed following exposure to this agent plus incubation. Based
on this method of dosimetry, at least 2-fold less damage was detected in
3437T then in 2800T or normal strains.

Measurements of the inhibition of and recovery from de ncvo DNA
synthesis in carcinogen-treated cells has also furnished data relevant
to the "internal dosimetry" question. Damage to DNA from genotoxic
agents causes a transient depression of de novo DNA synthesis, which
presumably reflects the reduced suitability of lesion-containing DNA to
serve as a template for replication. The observed inhibition in
replicative synthesis may also enhance cellular recovery by "buying
time" for the repair processes to run their course and, by so doing,
minimize the need for the replicative machinery to navigate past damaged
sites lacking normal base-pairing instructions. The extent of depression
of replicative synthesis post-treatment may be considered a measure of
the amount of damage, except for certain hypersensitive strains that
fail to show such an inhibitory response on damage deposition. The
time taken for restoration of the normal rate may be a measure of the
time required to repair the damage, since the normal rate is presumably
restored once the lesions have been removed from DNA. By this test, all
radioresistant lines tested to date appear to repair ionizing radiation-
induced damage more effectively than do normal cells. Following a
10-Gy exposure, the same extent of inhibition is observed in GM 730
(normal) and in the radioresistant strains 2675T, 2800T and 3437T. By
4h the DNA synthesis rate has recovered in these latter strains to ̂ 110%
of that prior to y-ray treatment, while in GM 730 it has not yet fully
recovered. These radioresistant strains tend to be MNU-resistant and MMC-
resistant as well, and DNA synthesis inhibition measurements shall be
obtained following treatment with these agents in due course.

4.19 RAPID ASSAY FOR ESTIMATION OF CYTOTOXICITY
- R. Mirzayans and M.C. Paterson

We are investigating the potential of a rapid screening assay for
estimation of the cytotoxic effects of carcinogenic and mutagenic agents
on cultured human fibroblasts. In brief, the technique involves
exposure of fixed numbers of cells to various doses of the test agent,
followed by incubation in fresh medium and then estimation of the
extent of cell growth using a Coulter electronic particle counter.
Using cell number at three days post-treatment as an indicator, two
strains from the "radioresistance phenotype", 2800T and 3437T, were
found to be more resistant than GM 38 (normal) to the cytotoxic effects
of MMS, EMS, 4NQ0 and 3-methyl-4NQO.



- 102 -

This method is rapid (results are available in ca. four days),
less laborious and relatively economical compared with the conventional
assay of colony forming ability (CFA), and may be of considerable
utility in screening numerous members of a cancer-prone family for
carcinogen response, once the "case members" have been suitably
examined. To test its validity, an on-going series of experiments has
been instituted where this procedure is conducted in parallel with the
CFA assay for a number of fibroblast strains.

A more rigorous approach is also possible. The "base" number of
cells (i.e. those treated; typically 10"* cells per 10 cm dish) obviously
includes both live and dead cells. If increase in cell counts is
followed as a function of time, it should be possible to extrapolate
back and estimate- the effective survival level immediately post-treatment.
Two factors will affect when the cell numbers increase: (i) the initial
survival level and (ii) the length of division delay engendered by the
carcinogen treatment. The former is a measure of cytotoxicity and the
latter may be considered an inverse measure of repair competency.

4.20 DEVELOPMENT OF A LESION- AND SITE-SPECIFIC REPAIR ASSAY
- M. Weinfeld, R. Aubin and M.C. Paterson

Attempts to examine chemically-induced DNA damage and subsequent
repair processes in human cells are subject to two major complications.
Firstly, the heterogeneity of DNA adducts produced by most carcinogens
often makes it difficult or impossible to attribute any observed
effects to a particular lesion. Secondly, there are all the difficulties
inherent in studying large and complex DNA molecules, especially in
defining the location of any lesion. In order to bypass both of these
problems we are developing a repair assay in which a specific DNA
lesion will be chemically introduced at a unique site in a small
autonomously replicating vector such as BK virus or a BR-derived
plasmid. (Papovaviruses, including BK, do not code for replication or
repair enzymes of their own, and therefore depend on the relevant
functions of their host cells). To date, three BK-derived plasmids
have been engineered and cloned, and will be tested for their ability
to replicate in a series of human cell lines.

4.21 TRANSFORMATION OF MAMMALIAN CELLS IN CULTURE TO ONCOGENE EXPRESSION AND
ANTIBIOTIC RESISTANCE BY DNA-MEDIATED GENE TRANSFER COUPLED TO THE USE
OF DNA DAMAGING AGENTS
- R. Aubin, M. Weinfeld and M.C. Paterson

Recent technical advances have supplied cell and molecular
biologists with various strategies whereby foreign DNA may be introduced
into mammalian cells. One of these procedures, 'DNA-mediated gene
transfer, involves the formation of calcium phosphate-DNA complexes
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which can subsequently be incorporated by cells via the process of
endocytosis. As a result, recipient cells (at frequencies of one
in 101* or 105 cells) are then capable of expressing the information
encoded within the newly acquired DNA segment(s), and in many
instances the novel phenotype will be retained over many generations
as a result of stable genomic integration. This "transformation" is
thus intimately linked to genetic recombinational events. If such
recombinational events were then to be artificially enhanced in
recipient cells, an increase in the transformation frequency of the
transfecting DNA should also be observed. We are therefore exposing
murine cells (NIH 3T3) to several DNA damaging agents for which the
spectrum of interaction with DNA includes formation of interstrand
cross-links (such as in the case of eis-dlaminodichloroplatinum,
mitomycinC and Ms-chloronitrosourea) and DNA double strand breaks
(as for y-radiation), ail of which represent lesions potentially
conducive to induction of genetic recombination. The cell's
recombinogenic proficiency may then be assessed by scoring for
transformation frequency by pBR322-SV40 chimeric plasmids carrying
an active human bladder carcinoma oncogene (pEJ/Neo) and/or an
antibiotic (neomycin/G418) resistance gene (pSV2/Neo).

4.22 EFFECT OF DOSE RATE OF IONIZING IRRADIATION ON MAMMARY TUMORIGENESIS
IN THE SPRAGUE DAWLEY RAT
- N.J. Gragtmans, R.A. McCann, J.W. Murphy and D. Dunford*

This project (described in the last progress report) is intended
to study the influence of dose rate of X- and gamma-irradiation on
mammary tumorigenesis in the Sprague Dawley rat. As in our previous
study on tritium (HTO), RBE values will be calculated from 1) the
percentage of animals developing 1 or more tumors within a given
period of time 2) the total number of tumors per 100 animals and
3) the period of time required for 50% of the animals to develop one
or more tumors. Table 1 shows the incidence of animals with tumors
to date and at 330 days. Two groups (acute X-ray, 2.0 and 3.0 Gy)
have been terminated, as the percent of animals had exceeded 50%
in these groups. All tumors are collected for histologic classification.

TABL"E 1

IRRADIATION DOSE Animals with Tumors to date
(Gy) Day Post- % with

Irradiation Tumors

% Animals with
Tumors at 330 days
Post Irradiation

Control 1

Control 2

Acute X-ray
(37.16 Gy/h) 0.5

3.0

376

330

350
350
313
308

10

20

35
48
65
73

8

20

35
43

Terminated
Terminated
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Acute Gamma
(26.32 Gy/h)

Chronic Gamma
(7.6 x 10"3

Gy/h)

Intermediate
Gamma
(0.17 Gy/h)

0
1
2
3

0
1
2
3

3

Intermediate Gamma
(2.04 Gy/h) 3

.5

.0

.0

.0

.5

.0

.0

.0

.0

.0

355
355
343
343

391
387
349
377

331

331

20 20
55 48
45 43
57 53

15 12
22 18
35 32
45 32

48 48

38 38

4.23 GERM-FREE MOUSE COLONY
- N.J. Gragtmans

The colony was recently started and we were able to maintain mice
germ-free using microisolator cages. There were breaks in sterility in
some of the cages, but we expect that with experience these problems
will be resolved. Within the next few months germ-free nude mice will
be used by the NCI group to study tumorigenicity of a number of human
and mouse-derived transformed cell lines.

4.24 AN OXYGEN EFFECT FOR Y~RAY INDUCTION OF RADIATION RESISTANCE IN YEAST
- R.E.J. Mitchel, D.P. Morrison, K.M. Baird and T.L. Joyce

Previous evidence in a lower eukaryote indicated the lack of an
oxygen effect for ionizing radiation induction of radioresistance (P.E.
Bryant, Nature 261, 588-590, 1976), suggesting that the signal for
induction may be different from that in prokaryotes, where it is
believed to be DNA damage. We show here that prior exposure to a
sublethal dose of Y-radiation caused induction of radioresistance in
Saooharomyoes oerevisiae, and that the rate of induction was
proportional to the initial dose. Irradiation in oxygen produced a
higher rate of increase in resistance, per unit dose, than irradiation
in nitrogen, with an O.E.R. of 2.8. The same maximum level of
resistance was reached in response to saturating doses regardless of
the presence or absence of O2 during the initial irradiation. At less
than saturating doses however, the maximum increase in resistance was
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higher, per unit dose, following irradiation in the presence of O2
than in its absence. Oxic doses which gave the maximum possible
increase in the level of resistance were considerably less than those
required to produce the maximum rate of increase in resistance. These
results suggest that there are at least two steps in the mechanism
which increases radiation resistance, and that the first process is
responsive to a greater range of signal. These results also indicate
that the use of DNA damage as the signal for induction of radiation
resistance has been conserved during the evolution of prokaryotes to
lower eukaryotes, in contradiction to the earlier report cited above.

4.25 THE EFFECTS OF HYPERTHERMIA AND IONIZING RADIATION IN NORMAL AND
ATAXIA TELANGIECTASIA HUMAN FIBROBLAST LINES
- R.E.J. Mitchel, A. Chan*, B.P. Smith, S.D. Child** and M.C. Paterson

The effects of 45°C hyperthermia and y-radiation have been
studied in three normal human fibroblast lines (GM 38, GM 730, WI 38)
and compared to the effects in two lines derived from patients with the
hereditary disease ataxia telangiectasia (ATeBI, AT5BI). All lines,
both normal and y-sensitive AT, showed a similar resistance to killing
by heat alone, suggesting that the defect responsible for the increased
radiation sensitivity in AT lines does not confer increased heat
sensitivity. Shouldered survival curves were obtained in each case
indicating the ability to accumulate sublethal heat damage. All normal
and AT cell lines exhibited increased resistance to the lethal effects
of heat in response to prior thermal stress, indicating that the defect
which causes radiosensitivity in AT cell lines does not prevent the
induction of thermotolerance. Heat (45°C, 30 min) was shown to
increase the sensitivity of the normal cell lines to killing by
y-radiation. The thermal enhancement ratios obtained ranged from
about 2.5 to 3.0. The same heat treatment however produced very little
increase in the radiation sensitivity of the AT cells. Thermal
enhancement ratios of about 1.2 were obtained in these lines. We
hypothesize that in normal cells, this heat treatment inactivates the
process which is already defective in AT lines, and that this process
may be required for the proper rejoining of double strand breaks
produced during the repair of other radiation-induced lesions.

* National summer student 1982
** National summer student 1983.

4.26 THE SEARCH FOR MITOTIC RECOMBINATION IN MICE
- D.P. Morrison, P. Unrau and T.L. Joyce

In the yeast Saaoharomyoes oerevisiae recombinational repair
capacity is of primary importance in the recovery of cells from
ionizing radiation-induced DNA damage. The relevance of this type of
DNA repair to mammalian somatic cells is not clear. However, the
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segregation of recessive genetic characters as a result of
recombination events was seen as a possible mechanism for the
promotion step of cancer induction. When this work was initiated
there had been no experimental demonstration of mitotic recombination
in mammalian cells. Somatic recombination processes have since been
proposed as the source of antibody diversity in humans, and the
"cassette" model of mating-type switching in yeast, a recombination
process, suggests a mechanism for controlling developmental and
differentiation patterns in higher organisms.

Mitotic crossingover, the recombinational event most readily
induced in yeast, is detected by the segregation from a heterozygous
cell line of a pair of clones each of which is homozygous - but for
the 2 different alleles that define the heterozygote. In the mouse
system used in this study a "twin-spot" should take the form of
adjacent black and white patches of fur on a brown (heterozygous)
background. Hybrid mice, heteroallelic at the coat colour gene Ĉ ,
were exposed in utero (day 9, 10 and 11 of gestation) to 1 Gy of
150 kV X-rays. No twin spots were observed in 713 animals examined.
Five single spots of undefined origin were observed. Of 40 hybrids
examined following in utevo exposure to the potent mutagen/carcinogen,
ethylnitrosourea, 3 had single spots and 7 had white midventral spots.
The latter are believed to result from killing of melanocyte presursor
cells. Again no twin spots were observed. It can be concluded from
these results that in this mouse hybrid mitotic crossing-over if it
occurs is not readily detectable. That recombination events of the
gene conversion type do occur cannot however be ruled out.

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

During the past months, attention has been focussed primarily on
radiation hazards to uranium miners. Two lectures on this topic were
presented at the Annual Radiation Protection Course at CRNL and the
Uranium Mine Radiation Safety Course at Elliot Lake. The primary
problem concerns interpretation of epldemiological data on uranium
miners who were exposed to a variety of radiation sources and other
potential carcinogens but whose excess risk of lung cancer has
frequently been attributed to inhalation of radon daughters only. It
would appear more logical to sum the radiation hazards from radon
daughters, thoron daughters, external gamma, and inhaled uranium and
thorium ore dusts, as suggested in the IAEA Safety Series No. 26
(1983); however it is doubtful whether the risk factors suggested by
the IAEA for inhaled ore dusts are accurate within a factor of 10.
This latter problem has been explored in detail by J.R. Johnson,
Biomedical Research Branch.
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Other activities have included continued input of data to the
Joint Panel on Research for Uranium Production (in collaboration with
D.R. Champ, Environmental Research Branch) and provincial Working
Group 3 for Nuclear Emergency Planning. Comments have been provided
on a number of draft documents including guidelines for proposed AECB
regulations, a review being prepared under contract for WNRE on health
effects of radiation in uranium mining, and ethical guidelines for the
AECL Clinical Radioisotope Committee.

4.28 LOW DOSE - LOW DOSE RATE GENETIC EFFECTS OF IONIZING RADIATION IN YEAST
- P. Unrau

Further development of assays to measure DNA double strand break
(DSB) induction and repair in yeast has been postponed owing to lack
of technical support. It is now possible, using Zymolase, to spheroplast
yeast and obtain more than 40% high molecular weight DNA. However the
large amounts of DNA at the origin (light end) suggested nuclease
degradation. In tests it was found that this low molecular weight
material could not be avoided by spheroplasting at 0°C, by using metal
ion chelators, or by adding exogenous DNA. Thus a nuclease, if any,
that produces such material would be metal ion-independant, function
at 0°C, and act only on endogenous DNA. Alternative explanations are
being considered.

The spheroplasting techniques developed for DSB assays are being
applied for yeast transformation studies. A new method of isolating
yeast gene alleles (alternative mutated copies of a normal gene) is
being tested. It is known that yeast shuttle vectors with endonuclease
induced DSB are 100-1000x more recombinagenic than normal plasmids,
which may form the basis of a new recombination repair assay.

4.29 DEVELOPMENT OF A PLASMID WITH MUTIFLE INSERTS OF THE HUMAN PROINSULIN
GENE OF THYMIDINE KINASE
- P. Unrau, R. Pilon, J.D. Childs and H.C. Biraboim

The number of inserts of a human proinsulln gene, supplied by
L. Visentin (NRC, Ottawa) was increased relative to the amount of
plasmid DNA. Initially two copies were present; utilizing the T4
transductional insert multiplication system, a series containing 1 to
14 copies of the inserted gene per plasmid was obtained. Absence of
clones with >14 inserts suggests that there are biological limits to
insert number.

The HSV thymidine kinase gene was studied by R. Pilon who obtained
up to 10 inserts per plasmid genome. As the TK gene is 2018 bp in
length while the proinsulin gene is only 250 bp, it appears that the
maximum number of inserts is limited on a copy number rather than base
pair number basis, perhaps reflecting limitations in the underlying
recombinational processes that give rise to multiple inserts.



- 108 -

A yeast - E. aoli shuttle vector has been obtained which carries the
ADE 2 gene of yeast. Strains suitable for the isolation of ADE 2
alleles are being bred with a view to developing mutational and
recombinational assays. The shuttle vector is being modified by
R. Pilon to eliminate intra-vector Hind III sites so that endonucleolytic
damage may be produced exclusively in the assay gene (ADE 2).

4.30 DEVELOPMENT OF A COLONY COUNTER USING INTELLIGENT SENSING
- P. Unrau and R. Davis*

Most microbiological investigations in chemical mutagenesis or
radiation biology depend on colony forming organisms whose survival,
growth, mutation, etc., are compared for treated and control cultures.
Usually such experiments require counting of colonies by hand.
Discussion of potential application of intelligent sensing devices
suggested that a colony counter could be made which could specifically
discriminate between separate and touching colonies. It was found
that current machines cannot perform this discrimination.

* Applied Mathematics Branch

4.31 FOLLOW-UP OF PAST CRNL EMPLOYEES
- M.M. Werner

An AECL report (AECL-8183) has been published on the follow-up
1982 December 31 of long-term Chalk River employees. This report
also includes updated tables for the AECL participants in the 1953 NRX
clean-up (AECL-7760) and in the 1958 NRU clean-up (AECL-7901).
Mortality data are given for 2 other groups of Chalk River staff:
female employees, 1966-1982, and male employees of CRNL with accumulated
lifetime occupational doses of 0.2 Sv or more. Data on the fatal
cancers recorded for long-term male employees (1966-1982) are also
presented.

Work has commenced on the setting up of a data base to contain the
records necessary for the yearly updating of the long-term CRNL
employees mortality study. Mariette Miller of the Mathematics and
Computation Branch is currently setting up the schema for the data base
using the SIR (Scientific Information Retrieval) system. The data will
be entered as soon as the data base is ready.

A cooperative project has been started with Dr. T.W. Anderson,
Department of Health Care and Epidemiology, the University of British
Columbia. Dr. Anderson will be doing a combined analysis of the
mortality of workers at Ontario Hydro nuclear stations and at CRNL. To
this end he will require CRNL mortality data and cumulative exposure
data by year. Preliminary data containing the total lifetime exposure
record and the cause of death (without personal identification) have
been prepared and sent to Dr. Anderson.
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The final list of Canadian military personnel who worked in the
clean-up after the NRX and NRU reactor accidents has been received.
This list was prepared by staff at National Defence Headquarters with
assistance from members of the Department of Epidemiology and Community
Medicine, University of Ottawa, and from the Radiation Biology Branch.
There are still some problem areas to be resolved before the final
analysis by the University of Ottawa can be done on the clean-up
participants.
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4.32 PUBLICATIONS

H.C. Birnboim: Rapid alkaline extraction method for the isolation of
plasmid DNA, in methods in enzymology, vol. 100, pp.243-255 (ed.
R. Wu, L. Grossman and K. Moldave). Academic Press, New York,
1983.

H.C. Birnboim: Important of DNA strand-break damage in tumor
promotion, in Radioprotectors and Anticarcinogens, pp.539-556 (ed.
O.F. Nygaard and M.G. Simic), Academic Press, New York, 1983.

H.C. Birnboim, J.R.N. McLean, R. Pontefrac and J.G. Kaplan: The effect
of tin chloride on the structure and function of DNA in human
white blood cells. Chem-Biol. Interact. 46: 189-200, 1983.

J. Cadet, N.E. Gentner, B. Rozga and M.C. Paterson: Rapid quantitation
of ultraviolet-induced thymine-containing dimers in human cell DNA
by reversed phase high performance liquid chromatography. J.
Chromatog. £8£, 99-108 (1983).

N.E. Gentner: Repair of radiation damage to DNA. Bulletin Can.
Radiat. Prot. Assoc. 4_, No. 4, 6-7 (1983).

R.E.J. Mitchel and D.P. Morrison: A comparison between rates of cell
death and DNA damage during irradiation of Saccharomyces
cerevisiae in N2 and N2O. Radiat. Res. 96_, 374-379 (1983).

R.E.J. Mitchel and D.P. Morrison: Assessment of the role of oxygen and
mitochondria in heat shock induction of radiation and thermal
resistance in Saccharomyces cerevisiae. Radiat. Res. j)6_, 113-117
(1983).

R.E.J. Mitchel and D.P. Morrison: Heat-shock induction of ultraviolet
light resistance in Saccharomyces cerevisiae. Radiat. Res. 96,
95-99 (1983).

J.D. Hepburn and R.E.J. Mitchel: The influence of hyperthermia on
killing of human fibroblasts by ionizing or ultraviolet radiation.
Proceedings of the Genetics Society of Canada, 1983 (Abstract).

R.E.J. Mitchel and D.P. Morrison: Radiation induction of thermal
resistance. Proceedings of the seventh international Congress of
Radiation Research, 1983 (Abstract).

R.E.J. Mitchel and D.P. Morrison: The oxygen effect as a probe for
classes of ionizing radiation damage resulting in mutation, gene
conversion or cell death. Proceedings of the third international
conference on oxygen radicals in chemistry and biology, 1983
(Abstract).
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M.C. Paterson, N.T. Bech-Hansen. P.J. Smith and J.J. Mulvihill:
Radiogenic neoplasia, cellular radiosensitivity, and faulty DNA
repair. In: Radiation Carcinogenesis: Epidemiology and
Biological Significance (J.D. Boice, Jr., and J.F. Fraumeni, Jr.,
eds.), pp.319-336. Raven Press, New York, 1983.

G.P. van der Schans, M.C. Paterson and W.G. Cross: PNA strand break
and rejoining in cultured human fibroblascs exposed to fast
neutrons or gamma rays. Int. J. Radiat. Biol., kkj. pp.75-85,
1983.

M.H. Greene, J.J. Goedert, N.T. Bech-Hansen, D. McGuire, M.C. Paterson
and J.F. Fraumeni, Jr.: Radiogenic male breast cancer with _lri
vitro sensitivity to ionizing radiation and bleomycin. Cancer
Investigation, 1(5): pp.379-386, 1983.

M.M. Werner, D.K. Myers and D.P. Morrison: Updated follow-up of
long-term Chalk River employees. Atomic F.nergy of Canada Limited,
Report AECL-8183, 1983 August.

4.33 COMMITTEE REPORTS

(Branch representatives have been involved in the preparation of the
published committee reports listed below).

The National Dose Registry of Canada. Health and Welfare Canada,
83-EHD-89 (1982).

Ionizing P.adiation: Sources and Biological Effects. United Nations
Scientific Committee on the Effects of Atomic Radiation (1982).

Risk Estimates for Exposure to Alpha Emitters. Advisory Committee on
Radiological Protection, ACRP-1. AECB INFO-0090 (1982).

Risks of Low-LET Radiation as given in BEIR-III and Previous Reports.
Advisory Committee on Radiological Protection, ACRP-2. AECB
INFO-0091 (1982).

Joint Panel on Occupational and Environmental Research for Uranium
Production, 1982 Annual Report. Energy, Mines and Resources
Canada (1983).

4.34 PATENTS

H.C. Birnboim: Fluorescent detection of PNA damage. U.S.A. patent
granted, September 1983.
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4.35 VERBAL PRESENTATIONS

4.35.1 Lectures or Seminars

" ?.. Centner: Repair of radiation damage to T)NA. Invited lecture to
Health Physics M.Sc. program class, as part of special seminar
series, McMaster University, Hamilton, 12 October 1983.

D.K. Myers: Biological effects of radiation. Uranium Mine Radiation
Safety Course, Elliot Lake, 1983 October 17.

M.C. Paterson: Genetics of cancer susceptibility. Invited speaker at
First Annual Ter-y Fox Cancer Research Conference on Oncogenes and
Cancer, Vancouver, British Columbia, 1983 July 05.

M.C. Paterson: Cancer proneness, carcinogen sensitivity and faulty DNA
metabolism. Invited speaker at the Ontario Cancer Institute
International Symposium on Cellular and Molecular Biology of
Neoplasia, Honey Harbor, Ontario, 1983 October 04.

M.C. Paterson: Environmental and hereditary interactions in cancer
causation. Invited talk at George Washington University, Falls
Church, Virginia, 1983 December 05.

M.C. Paterson: Role of DNA repair in radiation and cher.ieal induced
carcinogens. Invited speaker at NCI Symposium on Comparison of
Mechanisms of Carcinogenesis by Radiation and Chemical Agents,
Gaithersburg, Maryland, 1983 December 06.

M.C. Paterson: New insight into the molecular defect in xeroderma
pigmentosum? Invited talk at National Cancer Institute, Bethesda,
Maryland, 1983 December 09.

M.C. Paterson: Verbal progress report on NCI Contract NO1-CP-21O29
(Basic). Presented to Project Officer and members of Clinical
Epidemiology Branch, National Cancer Institute, Bethesda,
Maryland, 1983 December 12.

P. Unrau: DNA Replication and Recombination. Environmental Health,
Tunneys Pasture, Ottawa, 1983 November 25.

4.35.2 Local Talks

N.E. Gentner: DNA damage and repair. Part of Summer Student Lecture
Series. Delivered 15 July 1983 at CRNL.

N.E Gentner: Repair defects in carcinogen-hypersenstive cultured human
fibroblast strains. Delivered 22 August 1983 to U.S. NCI Site
Visit team, at CRNL.

N.E. Gentner: Correlation between cancer proneness in donors and DNA
repair deficiency in cultured human cell lines. Lecture to Grade
13 students from Medawaska High School, Barrys Bay, delivered 24
November 1983 at CRNL.
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N.E. Gentner: DNA repair. Lecture to Dr. R. Uffen, Ministry of State
for Science and Technology, delivered 13 December 1983 at CRNL.

N.J. Gragtmans: Tritium RBE study. Radiation Biology Branch meeting,
1983 July 11.

D.K. Myers: Follow-up of long-term Chalk River employees, a progress
report. Health Sciences Division Seminar, CRNL, 1983 Aug. 17.

D.K. Myers: Panel discussion with Terry Fox Youth Foundation students,
CRNL, 1983 Sept. 28.

D.K. Myers: Hazards of radon daughters in uranium mining. Annual
Radiation Protection Course, CRNL, 1983 Oct. 4.

D.K. Myers: Nuclear medical research: Panel discussion with Furopean
diplomats, CRNL, 1983 Nov. 17.

D.K. Myers: AECL contributions to medical and health care: Panel
discussion with Canadian Medical Association Journal
representatives, CRNL, 1983 Nov. 15.

M.C. Paterson: Causes of cancer. Presented to Grade 7 Science
Students, Central Public School, Renfrew, Ontario, 1983 November
01.

P. Unrau: Mutagenesis and Carcinogenesls. Annual Radiation Protection
Course, CRNL, 1983 Oct. 4.

P. Unrau: Increases in Human Gene Copy Number Using T4 Transduction.
Radiation Biology Branch meeting, 1983 Nov. 7.

M.M. Werner: Updated follow-up of past CRNL employees. Radiation
Biology Branch meeting, CRNL, 1983 August 08.
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5.1 STAFF

Branch Head

Secretary

Professional

Technical

Clerical

J.R. Johnson

L.A. Kaden

G.H. Kramer
B.F. Peterman

J.D. Brunette
P.A. Burchart (1)
D.W. Dunford
S.E. Gardner
A. Hesketh

P.A. Robinson (2)

M.R. Gresham (Part-time)

5.1.1 Summer Student

A. Longtin - University of Montreal, Montreal, working with
B.F. Peterman, terminated 1983 August 19.

5.1.2 Waterloo Co-op Student

H. Fuhry - University of Waterloo, Waterloo, working with J.R. Johnson
and B.F. Peterman, reported for work 1983 August 22, terminated
1983 December 13.

5.2 BIOASSAY LABORATORY - G.H. Kramer

5.2.1 Distribution of Tritium Exposure at CRNL - 3 tables

5.2.2 Bioassay Database Systems

The scheduling and monitoring of personnel has been tested using
NRU, System Materials Branch and Chemical Engineering Branch. In
response to user feedback several major modifications were made to the
support programs but the total system is now in place and ready to be
used plant wide; however, prior to going plant wide an internal audit
of the total system revealed many major complexities'.and indicated that
future problems could be avoided by a total redesign of the system.
This is being done.

(1) Temporary, reported for work 1983 July 05, terminated 1983
September 30

(2) Maternity Leave - 1983 April 04 to September 30. Returned
from maternity leave, 1983 October 03



Table 5.2.1.1

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1983 July 01 - September 30

ARD
CO
EIP
MS
MSC

; NRU
NRX
RES
RIS
RL
WEP

TOTALS

% of Persons

0-49
mrem

13
28
32
40
6
51
37
5
54
0
2

268

76.4

50-99
mrem

0
13
0
10
1
37
0
0
8
0
0

69

19.7

100-199
mrem

0
0
0
2
0
11
0
0
1
0
0

14

4.0

NUMBER

200-299
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

OF TESTED

300-399
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

PERSONS IN

400-499
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

GIVEN DOSE RANGES

500-999
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

1-3
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

3-5
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Above
5 rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Tested
Persons

13
41
32
52
7
99
37
5
63
0
2

351

100.0

Total
mrem

11
1268
515

1629
90

5136
217
0

1113
0
0

9984

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 and AECL-7744.

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



Table 5.2.1.2

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1983 October 01 - December 31

0-49
mrem

ARD
CO
EIP
MS

, MSC
: NRU
' NRX
• RES

' RIS

20
18
30
36
4
32
36
5
49

1 RL i 0
; WEP o

; TOTALS 1 230

; % of Persons ,63.2

NOTES TO TABLE ABOVE

!
50-99 j 100-199
mrem i mrem

0 : 0
15 5
3 i 0
16 j 10
1 i 0

43 I 23
0 ! 0 ,
0 i 0
10 ! 6
0 I 0
0 j 0

88 i 44
j }

; 24.2 i 12.1
i

NUMBER

200-299
mrem

0
0
0
0
0
1
0
0
0
0
0

1

0.3.

OF TESTEP

300-399
mrem

0
0
0
o
0
0
0
0
0
0
0

0

0.0

PERSONS IN

400-499
mrem

0
0
0
0
0
1
0
0
0
0
0

1

0.3

GIVEN DOSE RANGES

500-999
mrem

0
0
0
0

1-3
rem

0
0
0
0

0 0
0
0

0
0

0 0

o ; o
o i o
0 0

0 0

0.0 0.0

3-5
rem

0
0
0

o
0
0
0
0 .
0
0
0

0

0.0

Above
5 rem

0
0
0
0
0

o
0

o
0
o
0

: 0

• 0.0

Tested
Persons

20
38
33
62
5

100
36
5
65

; o
0

364

100.0

Total
mrem

47
1896
739

2798
117
7620
245
1

2312
0
0

15780

i

i—•
i—>

•0

I

i

(1) Doses are estimated from tritium concentrations in urine of individuals who have submitted one or more samn1es,
and so represent tested personnel only.

(2) The method of dose estimation is described in AECL-5507 and AECL-7744.

(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.



T a b l e 5 . 2 . 1 . 3

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1983

1 ARD
! CO
EIP
MS

i MSC
i NRU
! NRX
j RES
: RIS
: RL

j WEP

TOTALS

% of Persons
i

0-49
mrem

51
21
29
46
15
22
36
13
49
0
3

285

56.2

50-99
mrem

0
5
3
9
2
18
6
0
16
0
0

59

11.6

100-199
mrem

0
9
11
13
0
19
0
1
14
0
0

67

13.2

NUMBER

200-299
rarem

0
7
1
10
0
21
0
0
8
0
0

«

9.3

OF TESTED

300-399
mrem

0
7
0
3
0
25
0
0
2
0
0

37

7.3

PERSONS IN

400-499
mrem

0
0
0
3
0
5
0

o
o
0
0

8

, 1.6

GIVEN DOSE RANGES

500-999
mrem

0
I
0
0
0
3
0
0

o
0

o

4

0.8

1-3
rea

0
0
0
0
0
0
0
0
0
0
0

0

0.0

3-5
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Above
5 rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

i

Tested
Persons

51
50
44
84
17
113
42
14
89
0
3

507

100.0

Total
mrem

199 .
6300 i
2204 !
7836 j
190 !

22780
999
119

6438
0
9

47079

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 and AECL-7744.

(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.
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5.2.3 Quality Control Program

Additional QC procedures have been added to those described
previously (PR-HS-15). The additional procedures encompass the
fluorometric method and the radiochemical method of estimating
uranium in urine. These procedures entail the analysis of a known
standard alongside the normal samples processed routinely. Other
procedures for the infrequent analyses (e.g. Ni-63, Pm-147, S-35)
entail the parallel analysis of a standard with the sample(s). All
results are recorded and plotted on control charts.

The other procedures are all working satisfactorily and there have
been no major QC failures.

5.3 IN VIVO MONITORING - B.F. Peterman

Calibration of Whole Body and Thyroid Counters for Radioiodines -
B.F. Peterman and J.D. Brunette

Whole body and thyroid counters, located in the Low Background
Building (Building 560), are routinely used for monitoring 1-131 and
1-125 in the CRNL employees, respectively. The objective of the work
was to recalibrate these instruments with a Radiation Protection Bureau
(Ottawa) thyroid phantom which is intended to be the Canadian Standard.
Measurements indicate that when the activity is concentrated in the
thyroid the whole body counter detects the y activity with a slightly
higher efficiency of 6.0 x 10~3 (counts in full energy peak per 364 keV
gamma emitted) compared to the case when the activity is distributed
uniformly throughout the bottle phantom of 5.3 x 10~3.

Since the location of the thyroid is uncertain the relationship
between the coefficient of variation (when the detector was displaced
1 cm from the central position in all six directions) and the
distance between the thyroid phantom and the detector was explored.
The results indicate that with increasing the distance the coefficient
of variation decreases. On the basis of this experiment the optimal
distance for routine counting distance of 5 cm was chosen.

The new calibration results are in good agreement with previous
calibrations. A report describing the results is in preparation.

5.4 RADIOCHEMICAL ANALYSIS - G.H. Kramer

Nothing to report.



- 121 -

5.5 METABOLIC STUDIES

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

5.5.1.1 Uranium Hydrolysis

The preliminary experiments on the hydrolysis of the uranyl ion
(UO "*") in aqueous solution are complete. These experiments performed
at 25°C and an ionic strength of 0.37 M (KNCL) have revealed the
following problems:

1) The uranium is contaminated with small amounts of nitric acid
2) The titration apparatus needed redesigning for temperature contol
3) The experimental protocol had to be changed

Analysis of the results obtained by these experiments reveals two
major species in solution: (UCLKCOH)- and (UCLKCOH)^ Their
respective equilibrium constants are (1.33 ± 0.017 x 10~6 and
(4.91 ± 0.44) x 10~17. There are also minor contributions from
other species.

5.5.1.2 Purification of Uranyl Nitrate

The uranyl nitrate is precipitated from aqueous solution by
excess ammonia, filtered and washed before redissolving in hydrochloric
acid. The redissolved uranium is precipitated again as above. The
redissolved uranium is then evaporated to dryness and heated to 600°C
in a furnace to produce U^Og. The oxide is dissolved in hydrochloric
acid with the addition of small amounts of hydrogen peroxide. The
resulting solution is evaporated to dryness to produce uranyl chloride,
UCLCl., a yellow deliquescent solid. Experiments indicate that this
purification is effective and that no residual acid remains in the solid.

5.5.1.3 Titration Apparatus

The results above (5.5.1.1) necessitated the redesign of the
titration vessel. The new vessel not only controls the temperature of
the solution of interest but also the electrodes and temperature probe
ensuring a high constancy of temperature within the titration vessel.
The vessel will be used to determine equilibrium constants at 37°C.

5.5.1.4 Equilibrium Constant Calculations

The preliminary results obtained in Section 5.5.1.1 indicated
that there were small errors in the acid and/or base concentrations.
The resulting effect of these small errors was to give substantial
negative values for some results that should be zero. As a result
of these observations a new program, NBOPT, has been developed to
optimize any or all of the input parameters: standard electrode
potential, nernstian slope, acid concentration, base concentration,
initial volume of solution and, in certain cases, the ionization
constant of water. Although the program was designed to solve a
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particular problem, it has now found much wider applications and
is routinely used to evaluate the electrode parameters in
calibration runs, acid and base concentrations in standardization
experiments and also the ionization constant of water.

Work is continuing on developing efficient and robust computer
codes to aid in the overall analyses of experimental data.

5.5.2 Tritium Gas Inhalation Studies - J.R. Johnson and B.F. Peterman
(Supported in part by a contract from the Canadian Fusion Fuels
Technology Project)

5.5.2.1 Rat Exposures

The objectives of this experiment were to demonstrate that the
retention of tritium following inhalation of HT was consistent with
all retained tritium being initially in the oxide (HTO) form and to
confirm the results of the rat experiments by Pinson and Langham
(J. Appl. Physiol. K), 108-128, 1957).

Six young adult male Sprague-Dawley rats were exposed to HT and
six were injected with HTO for controls. Urine was collected from
all rats and analysed for total tritium and, on some samples, for
bound tritium. No bound tritium was observed. Four rats (two HT
and two HTO) were sacrificed on day one and four on day seven after
the exposures and tissues from these rats were analysed for acid
soluble and acid insoluble (bound) tritium. No significant differences
between HT and HTO exposed rats were observed. Four rats (two HT and
two HTO) were kept for two weeks to follow longer term retention. In
all sets of rats the retention of tritium, as measured from tritium
in urine, was the same for HT and HTO exposures.

It is therefore concluded that all tritium retained following
HT inhalation by rats is initially in the oxide form.

The ratio of urinary concentration to the integrated air
concentration predicted from the Pinson and Langham experiment was

8.3 x 10~7 Bq iT1 per Bq min m~3

The mean value found in this experiment was

(3.7 ± 0.5) x 10~7 Bq L-1/Bq min m~3

11 -3
for exposures to about 3 x 10 Bq m for times varying between
5 and 10 minutes. The quoted uncertainty is one sample standard
deviation of the six exposures.

The agreement between the predicted and obtained value is
good considering that the prediction was based on a 30 hour exposure
to rats maintained in a metabolic cage where the likelihood of in
vitro oxidization in excreted and other materials existed. A
minute amount of in vitro oxidization was measured in this experiment,
but not enough to affect the result significantly.
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5.5.2.2 Human Exposures

To date, one volunteer has been exposed at a very low concentration
and at a higher concentration. The results of the later exposure gave a
conversion rate of 2.0 x 10~8 Bq L"1 per Bq m~3 min, or the fraction of
inhaled HT converted to HTO of 4.3 x 1CT5. This result is in agreement
with those obtained in the earlier experiment (J. Appl. Physiol. 10,
108-128, 1957). ~

Based on this one human exposure, a ratio of the hazard of
inhaled HTO to HT is calculated to be 9.7 x 103. Exposure to other
volunteers are being organized to estimate the mean value and
variability of this ratio.

5.6 METABOLIC MODELS AND INTERNAL DOSLMETRY

5.6.1 Iron Metabolism - J.R. Johnson

A task group of the Medical Internal Radiation Dose (MIRD)
Committee has recently published (Robertson, et al. J. Nuc. Med. 2!4_
339, 1983) a model of iron metabolism in man. This model was
developed to calculate doses from radioiron injected for medical
diagnostic purposes. It is a recirculating compartment model with
iron exchanging between plasma and extracellular fluids, tissue
storage compartments, bone marrow and red blood cells (RBC). It is
a first order model with the exception of iron in the RBE compartment,
which is assumed to be retained for 120 days, at which time it returns
to the extracellular fluid compartment. By contrast, the ICRP model
(Publication 30) is a "once through" first order compartment model,
with the compartments, represented by organs (spleen, liver and other
soft tissue) rather than physiological compartments as in the MIRD
model. Both of these models have been implemented in the computer
code GENMOD (HP 41, 341, 1981) which contains the ICRP recommended
lung and GI tract models and which is used at the Chalk River Nuclear
Laboratories to calculate doses, excretion rates, derived investigation
levels, etc. The results of calculations using these models have been
compared with the objective of seeing if the much less sophisticated
ICRP model was adequate for radiation protection purposes. It was
found that the effective dose per unit intake of radioiron was higher
for the MIRD model and urinary excretion rates following an exposure
were considerably different leading to the conclusion that the ICRP
model is not adequate without modification.

A paper describing the models and results in detail is being
prepared.

5.6.2 Clearance of Thoron from Lungs - B.F. Peterman

The program which calculates the clearance of thoron from lungs
is being modified to include the dissolution of gases in tissues
and blood of the lungs.
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5.6.3 Carbon Metabolism - J.R. Johnson

A detailed model of carbon metabolism has been developed based
on the results of rat experiments at CRNL, human exposures at
Ontario Hydro and other published data in animals and humans. This
model is currently being reviewed by D. Whillans of Ontario Hydro
before any detailed calculations are performed.

5.6.4 Thorium and Uranium Ore Dust Dosimetry - J.R. Johnson

The IAEA has recently recommended (Safety Series 26, 1983) that
the equation

50 0.02 0.06 1700 200

be used to limit the radiological hazard to miners in uranium and
thorium mines. The first three terms in this equation represent
external gamma irradiation and radon and thoron daughter exposures
while the last two represent exposures to aerosols of uranium and
thorium ore dust. The annual limits of intake (ALI) of 1700 Bq
and 200 Bq for long lived alpha activity of uranium and thorium ore
dust respectively were calculated from models and parameters
developed (ICRP Publication 30) for use with industrial compounds
normally encountered in the workplace, and may not be adequate for
ore dust. In addition, the limits for radon and thoron daughters
used in the above equation are based, at least in part, on the
regional lung concept (ICRP Publication 32) (with the TB and P
region each assigned a weighting factor of 0.06), whereas the ALI's
for ore dust are based on the composite lung concept (ICRP
Publication 30) (with a weighting factor of 0.12).

Since the ALI's for ore dust are potentially very important in
the estimation of the radiological hazards, and for monitoring
programs in mines, it was decided to review the models and parameters
that "ere used to calculate them. Preliminary results of this review
indicate that the ALI for uranium ore dust could be as high as
10,000 and that for thorium ore dust as high as 5,000. The main
factors influencing the ALI are choice of lung clearance model, of
lung dosimetry model and aerosol particle size.

5.7 MISCELLANEOUS

5.7.1 Stable Iodine in Urine - G.H. Kramer

The method previously described (PR-HS-15) has been optimized
for maximum sensitivity for our requirements. The final method
allowed the iodine catalysed reaction of Ce(iv) and As(iii) to
proceed for 30 minutes at 30°C prior to quenching by Fe(ii) and
standing for 72 minutes before final analysis. A typical result
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of a spiked urine sample gave a precision of about 8% in terms of
absorbance but due to the non-linear calibration curve this
translates to a precision of 18% in concentration. This method
has been abandoned as a suitable tool of the analysis of stable
iodine in urine.

5.7.2 Gene Conversion in Yeast as a Function of LET for Low LET Radiation
- J.R. Johnson, P. Unrau* and D.P. Morrison*

Current recommendations on dose limits for radiation protection
refer to dose equivalents and effective dose equivalents. These
quantities are calculated from measured or calculated absorbed doses
using quality factors (Q) and other factors. The ICRP currently
recommends that all low LET radiation (x-rays, gamma rays and
electrons) be assigned a Q of one. This Q was selected after
consideration of the measured relative biological effectiveness (RBE)
for various biological end points, and of radiation quality. However,
it has been suggested that the Q for low energy electrons such as
those produced in the decay of tritium should be greater than one,
and factors as large as three for tritium have been suggested.

RBE's for low LET radiation have been measured over the range from
about 0.5 to 3, and depend on such factors as the reference radiation
used, the end point selected, and the dose rate. Microdosimetric
calculations suggest that the biological target size is also an
important parameter, and in particular predict that the RBE for effects
produced by low LET radiation for target sizes below about 100 nm
should be essentially unity. Gene conversion in irradiated yeast is
thought to result mainly from DNA damage in the immediate vicinity of
the mutant gene, and hence represent a small target which can be used
to test this microdosimetric prediction.

Gene conversion yields in^east have been measured following
irradiation with five different LET radiations that essentially span
the range of LET encountered for low LET radiation. These radiations
are 50 and 150 kVp x-rays from a thin window (2.5 mm Be) x-ray tube,
150 and 300 kVp x-rays from a thick window (0.4 mm Cu) x-ray tube, and
Co-60 gamma rays. The dose rate used was about 100 rad m"1, which is
well below that which produces dose rate effects, based on previous
experience. Irradiations were done under both anoxic and oxic
conditions. No significant difference in the measured yields was
found, for example, an RBE of 1.05 ± 0.07 (SEM) for 50 kVp x-rays
compared to Co-60 gamma rays was found. *.

A paper describing these results is in preparation.

* Radiation Biology Branch
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5.8 PUBLISHED PAPERS, REPORTS, PRESENTATIONS, INFORMAL LECTURES

5.8.1 Published Papers

Kramer, G.H. - "The Determination of Technetium-99 in Urine",
Atomic Energy of Canada Limited, Report AECL-8026, Canadian
Journal of Chemistry _61, 1949, 1983.

5.8.2 Reports

Johnson, J.R. - "Current Status of Internal Dosimetry Calculations",
15th Information Meeting of the Nuclear Fuel Waste Management
Program. Published in "Environmental Research and Underlying
Chemistry Research", TR Report TR-216, Toronto, Ontario, 1983 April,
Whiteshell Nuclear Research Establishment, Pinawa, Manitoba,
1983 August.

Kramer, G.H. - "The Calibration of Volumetric Glassware - A Discussion
and Procedure", Atomic Energy of Canada Limited, Report AECL-7991,
1983 May.

Desai, N. and Kramer, G.H. - "An Improved Radiochemical Method for
the Isolation of Uranium from other Actinides in Urine", Atomic Energy
of Canada Limited, Report AECL-7986, 1983 June.

Kramer, G.H., Gardner, S.E. and Johnson, J.R. - "Screening Procedures
for Alpha, Beta and Gamma Emitting Radionuclides in Urine", Atomic
Energy of Canada Limited, Report AECL-7608, 1983 August.

Kramer, G.H. - "The Calibration and Quality Control Procedures of
the Bioassay Laboratory at Chalk River Nuclear Laboratories", CRNL-2559,
1983 October.

Peterman, B.F. - "Whole Body Monitoring at CRNL", CRNL-2582, 1983
September.

5.8.3 Presentations

Whillans, D.W. and Johnson, J.R. - "Human Carbon-14 Metabolism and
Dosimetry Following Inhalation of Carbon-14 Dioxide". Presented by
D.W. Whillans at the 7th International Congress of Radiation
Research, ICRR, Amsterdam, July 1983.

Kramer, G.H. and Desai, N. - "An Improved Radiochemical Method for
the Isolation of Uranium from other Actinides in Urine". Presented
by G.H. Kramer at the 29th Annual Conference on Bioassay, Analytical
and Environmental Chemistry, Seattle, Washington, October 1983.

5.8.4 Informal Lectures

Johnson, J.R. - "Metabolism and Dosimetry of Radionuclides",
Annual Radiation Protection Course, CRNL, October 1983.

Kramer, G.H. - Tour of the Bioassay Laboratories. Annual Radiation
Protection Course, CRNL, October 1983.
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6. MEDICAL BRANCH

by

P.W.S. Evans

6.1 STAFF

6.2 CLINIC PROCEDURES

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

6.3 CLINIC VISITS BY WORK CATEGORIES

6.4 BREAKDOWN BY INTERNATIONAL CODE

6.5 MEDICAL EXAMINATIONS

6.6 NON-OCCUPATIONAL ABSENTEEISM

6.7 LABORATORY PROCEDURES

6.7.1 X-Ray Department
6.7.2 Haematology
6.7.3 Urine

6.8 TOTAL HOSPITAL PROCEDURES
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6.1 STAFF

Branch Head
Secretary
Professional
Nurses

Medical Technicians

Part-Time Nurses

D.W.S. Evans
V.A. Schizkoske
J.J. Meenan
A. Kinloch
J. Williams
M. Plattner
J. Shaw
Y. Davis
G. Miller
D. Williams

6.2 CLINIC PROCEDURES

6.2.1 Occupational Accident and Illness

AECL
Male

Female

Others
Male

Female

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

June

41
18
59

6
7

13

—

—

July

30
15
45

—

—

—

Aug

29
17
46

1
1

1

—

Sept

36
17
53

3
3

2

~2

—

Oct

43
29
72

3

1

~1

—

Nov

35
38
73

2
1
3

H
i 

i
M

i 
i

—

TOTAL

348

23

375

6.2.2 Non-Occupational Accident and Illness

AECL
Male

Female

Others
Male

Female

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

321
223
544

84
20
104

16
2
18

5
—
~5

249
188
437

48
15
63

5
1
6

2
1
3

272
185
457

46
22
68

8
2
10

1
—
~1

325
172
497

41
7
48

10
3
13

2
—
~2

319
145
464

40.
10
50

2
1
3

2
—
~2

268
178
446

52
12
64

6
3
9

1
1

2845

397

59

14
3690
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6.3 CLINIC VISITS RY WORK CATEGORIES

June July Aug Sept Oct Nov
ST HR ST HR ST HR ST HR ST HR ST HR Total

AFCL

Office of Vice-Pres.
& General Manager

Office of Pir., Res.

Office of Pir., AR&r*

Office of Gen. Mgr.,
PA&O

Health Sciences

Chem. & Mat.

Physics

Office of Gen. Mgr.,
Cotnm. Ops.

AP&RP

Fuels & Materials

Special Projects

Elect. Inst. & Cont.

Quality Assurance

Finance

Info. Serv.

CRF.A

Administration

Operations

Plant Design

General Services

Maint. & Const.

1

—

39

30

30

4

18

61

26

13

2

33

9

3

19

36

34

31

24
413

—

—

—

—

—

—

—

—

—

—

—

3

—

—

17

32

—

55

200
307

—

1

25

24

26

3

9

52

22

10

—

16

4

2

10

29

22

29

20
305

—

—

—

—

--

—

—

—

—

—

—

2

—

—

12

21

—

26

179
?40

i-i

4

21

17

38

1

15

39

22

21

—

16

9

3

14

37

29

29

29
346

—

—

—

—

—

—

—

--

—

—

—

7

—

—

14

25

—

52

128
??f>

1

1

1

18

14

29

5

8

36

27

16

3

17

15

—

15

33

27

24

27
317

—

—

—

—

—

—

—

—

—

—

—

2

—

—

11

21

—

47

203
284

1

1

22

19

32

5

10

37

14

9

2

17

2

1

19

30

27

26

31
306

—

—

—

—

—

—

—

—

—

—

—

8

—

—

24

36

—

30

185
?83

2

1

38

9

25

4

9

41

13

12

1

14

7

1

28

26

26

30

33
3?0

—

—

—

—

—

—

—

—

—

—

—

4

—
—

33

12

—

39

178
266

6
9

7

163

113

180

22

69

266

124

81

8

139

46

10

216

338

165

418

1237
3613

Others

Crawley & McCracken

Attached Staff, etc.
23 12 17 10 77

3690
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6.4 BREAKDOWN BY INTFRNATIONAL CODE

June July Aug Sept Oct Nov TOTAL

Infectious and Parasitic Diseases 6 8 3 6 5 3 31

Neoplasms 1 4 2 2 5 2 16

Endocrine, Nutritional & Metabolic 2 3 7 10 5 4 31
Diseases, & Immunity Disorders

Diseases of the Blood & Blood-forming — 1 — — — — 1
Organs

Mental Disorders

Diseases of the Nervous System &
Sense Organs

Diseases of the Circulatory System

Diseases of the Respiratory System

Diseases of the Digestive System

Diseases of the Genitourinary System

Complications of Pregnancy, Childbirth
& the Puerperium

Diseases of the Skin & Subcutaneous
Tissue

Diseases of the Musculoskeletal System
& Connective Tissue

Congenital Anomalies

Conditions Originating in the
Perinatal Period

Symptoms, Signs & Ill-defined
Conditions

Tnjury & Poisoning

Fxternal & Internal Contamination

Factors Influencing Health Status
& Contact with Health Services

4

50

62

104

30

4

~

71

32

5

46

45

57

21

4

—

54

17

5

64

46

43

27

3

—

63

26

6

54

35

111

19

5

—

52

27

1

35

45

123

21

3

3

28

44

3

42

42

103

28

7

—

28

29

24

291

275

541

146

26

3

296

175

35

211

—

162

774

31

161

1

125

584

26

143

—

157

615

37

131

1

141

637

31

131

—

141

621

36

144

—

150

622

196

921

2

876

3853
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6.5 MEDICAL EXAMINATIONS

6.6

June July Aug Sept Oct Nov TOTAL

AECL
Male

Female

Others
Male

Female

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

17
_2
19

11
_1
12

9

~1

2

10

16

6

_1
7

2

3

9
_8
17

4

~4

8

~8

8
_6
14

3
_1
4

73

38

28

NON-OCCUPATIONAL ,

Office of VP
& Gen. Mgr.

Off. of Dir.
Research

Off. of Dir.
AR&P

Off. of Gen.
Mgr., PA&O

Health Sci.

Chem. & Hat.

Physics

Off. of Gen.
Mgr., Comm.
Ops.

AP&RP

Fuels & Mat.

Spec. Proj.

EI&C

Qual. Assur.

Finance

2

ABSENTEEISM

June
M F

»

>

—

33

534

47

3

264

1244

41

174

74
30

3834

-4

64

—

4

12

7

354
1

44
154

8

3

h
494
144

July
M F

—

4

—

16

334

414

14

29

964

17

26

24

294
2934

3

—

—

—

8

74
104

3

9

154

7

84

4
414
114

Aug
M F

1

—

1

—

254

26

474

"

10

854

164

274

34

244
2684

3

—

—

—

174

7

164

"

24

204

64

74

4
614
143

Sept
M F

—

1

—

—

244

234

64

3

254

1254

25

18

84
21
3394

4

—

14

14

11

124

26

5%

4

11

34

24

4
73
153

Oct
M F

—

—

—

2

364

34

614

4

174

1274

174

34

94

10
3504

—

—

—

24

164

74

31

14

5

27

14
44
—

664
1634

2
141

Nov
M F

—

2

—

—

30

674

424

"

39

1514

234

35

2

15
408

14

—

14

—

14

8

24

44

84

344

2

2

—

43
1434

Total

94

94

44

64

2444

2874

4474

234

181

835

169

186

354

465
29044
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6.6 NON-OCCUPATIONAL ABSENTEEISM (continued)

June
K F

July
M F M

Aug
F

Sept
M F M

Oct
F M

Nov
F Total

Total brought
forward 3834 144 293% 114 268% 143 339% 153 350% 163% 408 143% 2904%

Info. Serv.

CREA

24

3%

18% 23 18 25% 23 5% 18 8 12 32

7 3% 2% % 5% --

Admin. 22 14% 10% 10% 9 20% 26 22% 7% 23% 15% 23

Operations 151% 16% 68% 9% 75 22 62 18 71 4% 80% 14

Plant Design 45 15% 38 5 69% 12% 64% 17% 73 9 90 7%

Gen. Serv. 52% 44 38 48% 38% 42% 64 50% 53 50% 85 43%

Main. & Con. 4 33% 1% _28_ 55 15 54 63 3%

209%

30%

205

593

447

610%

327
738% 259 509 207% 521 268 617% 298 619% 272% 749% 267 5327

6.7 LABORATORY PROCEDURES

6.7.1 X-Ray Pepartment

AECL
Male

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

June

29
27
56

1
3
4

2
1
3

—

July

30
27
57

4
4

—

Aug

28
32
60

3
3

1

~1

—

Sept

40
18
58

2

~2

~

Oct

21
26
47

2
1
3

—

Nov

19
28

• 47

2
2

—

TOTAL

325

18

4

347
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Total brought forward

6.7.2 Haematology

AECL

Male

Female

Others
Male

Female

6.7.3 Urine

AECL
Male

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

June July Aug Sept Oct Nov

62
32
94

31
6
37

9
1
10

3

~3

41
18
59

15
5
20

7
—
~1

2

~2

99
32
131

8
4
12

1
—

T
—

—

80
21
101

12
7
19

1
—

—

—

105
22
127

15
8
23

1
—
~1

1

"I

90
26
116

12
9
21

1
—

—Ill

61
13
74

30
3
33

9

~9

3
—
~3

40
12
52

15
—

Is
7

~7

2
—

92
12
104

9
—
~9

1

~1

—

76
5
81

12
—
12

1

~1

—

100
11
111

15
1
16

1

~1

86
23
109

11
3
14

1

~I
__
1
1

347

TOTAL

628

132

21

1134

531

99

20

1790
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6.8 TOTAL HOSPITAL PROCEDURES

Audiometric Tests

Blood Pressures

Clinic Procedures

Electrocardiograms

Laboratory Procedures

Medical Examinations

Respiratory Function Tests

June

30

10

743

13

326

42

19

July

41

7

554

5

225

20

28

Aug

88

106

584

7

322

29

26

Sept

16

28

618

3

275

20

28

Oct

38

57

595

7

330

12

24

Nov

28

32

596

21

312

18

13

TOTAL

241

240

3690

56

1790

141

138
1183 880 1162 988 1063 1020 6296
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