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INTRODUCTION - J.C.D. Milton

This report covers the fourth semi-annual period since the Research
Company was reorganized. During this period the new research fellow
program reached its first goal: we now have eight research fellows on
staff, six fully funded by Physics and Health Sciences (P&HS), who are
invigorating all our programs. The planned expansion of the program will
depend critically on government funding of the Research Company in
88/89.

Section 1.1 of this report contains an excellent topical review of the
wide-ranging program in Health Sciences on tritium toxicity. The program
involves scientists from all three of the Chalk River branches of Health
Sciences. Particularly good progress has been made in the last six
months. The work on cancer proneness is expanding data on apparently
normal people and has been extended to include cancer patients. All
tests are now blind. The work was the subject of two very fine TV
presentations, one each shown on the French and English networks of the
CRC.

Investigation continues on the complex influence of hyperthermia on
cancer induction and promotion. It is clear that these early stages of
cancer do not depend on a single factor, but on many. One of these
factors may be the potency of the natural killer cells in human blood,
cells that have the ability to recognize and destroy cancerous cells.
These natural killer cells have been shown to be very sensitive to
temperature.

A method may have been found for extending the life of T-lymphocytes
grown in culture beyond the present 30 to 60-day limit.

Activities in environmental research are moving in the direction of
studies of a more fundamental nature so that the results will have a
certain portability. Model studies form a large part of this new
emphasis and notable among those is the Twin Lakes tracer study. Work is
in progress to follow the plume the full 240 metres to the discharge zone
with considerable success in the mathematical modelling.

Members of the Health Sciences unit at CRNL were active as resource
people for the Hare Commission on Ontario Nuclear Safety Review during
the late fall. Some members of the Commission visited Chalk River.
Other members of P&HS presented a brief entitled "Nuclear Safety: Beyond
the Technical Details" at one of the Commission's hearings.
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A highly successful event occurred at Chalk River In November. Called
Partnerships for Profit, it brought 85 senior executives of Canadian
business in contact with the Research Company's capabilities. Physics
and Health Sciences manned four booths: on cancer screening,
environmental protection, ANDI, and nuclear physics instrumentation.

Discussions with MOSST and other government departments were initiated on
the possible national laboratory role of some facilities in Physics and
Health Sciences.
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1. HEALTH SCIENCES - TOPTPAL REVIEW AND SUMMARY

1.1 TOPICAL REVIEW - TRITIUM

1.1.1 Dosimetry and Instrumentation - J.R. Johnson, Dosimetric Research
Branch

1.1.1.1 Dojiimetry a n d HazardEvaluation

In the early 1960s, R.V. Osborne studied the uptake of HTO by human
volunteers. It was established that the effective half-life of tritium was 10
days rather than 12 days as stipulated by the ICRP. The effective half-life
could be shortened to two or three days by large Intakes of watec. It was
found that the intake through skin equaled the intake via the lungs.

Various protective materials were tested to prevent uptake via skin.
Thus, the use of plastic ventilated suits was instigated to prevent uptake
while working in areas contaminated with HTO.

The introduction of high specific activity tr.lt la ted (HT) hydrogen gas
into various facilities in recent years has resulted in a need to evaluate the
dosimetric models and hazards from chemical and physical forma other than
Lritiated water (HTO). Recent work carried out at CRNL has concentrated on HT,
both as a gas in air, and after it has become absorbed into surfaces, although
other tritium forms, such as tritiated methane, metal tritides and tritiated
pump oils have also been considered.

With the completion of a model for HT gas dosimetry and the measurement
or model parameters in human volunteers, attention has been focussed on the
measurement, uptake and dosimetry of tritium from TIT contaminated surfaces.
The experiments consisted of exposing one inch diameter stainless steel
plancher.'j to To, which were subsequently used to study the efficacy of
swiping surfaces to establish tritium content, and used to study the uptake and
retention in rats under various conditions. The results of the swipe
experiments indicated that about 10% of the removable tritium is taken off with
each swipe. Swiping proved to be an effective method to measure the removable
component of the tritium surface contamination, but it does not necessarily
reflect the total tritium activity present. The activity collected by each
swipe is dependent on the history of the surface. If the surface is left
undisturbed for a few days the amount of surface activity will be replenished
but the loss of tritium from the surface to the atmosphere will, in the long
term, deplete the tritium from the stainless steel. The tritium loss after one
year was found to be about 0.2% per day for cleaned surfaces and about 1% per
day for surfaces that had not been degreased immediately after exposure.
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The recent experiments carried out on rats exposed to T2 contaminated
surfaces extended earlier measurements by Johnson and Peterraan of organically
bound tritium (OBT) in tissues. Experiments were -also carried out to develop
methods of measuring OBT in urine; to evaluate the effectiveness of various
glove materials and barrier creams to block this uptake; to evaluate the
effectiveness of decontamination efforts after an exposure; and to measure the
microdistribution of the OBT in skin tissue. Briefly, the results of these
experiments were:

^Retention. Retention was followed for 56 days post exposure. Elevated
OBT was observed throughout this period, most notably in skin and
1iver.

OBT in Urine. Various ion exchange columns were evaluated for their
ability to separate out the OBT from the HTO but were not found to be
effective. A double distillation method is recommended.

Blocking. Protection against uptake by gloves varied from about a
factor of 2 to 100, depending on glove material and length of exposure.
.Some barrier creams also provide reasonable protection for short periods
of time.

Decontamination. Washing the skin with a detergent or alcohol
immediately after exposure reduced uptake. The effectiveness of tin's
decontamination decreases rapidly with time.

Distribution. Autoradiography of skin sections at the point of contact
indicates that the OBT is concentrated in the basal layer of the skin,
la the epithelium of hair follicles, and in subcutaneous muscle.

i.l. 1.2 JLnstruinejitation

Tritium monitoring development at Chalk River Nuclear Laboratories
(CRN'l,) has recently been reviewed by McElroy and Wong. Current work includes
continuing improvement to the CRNFL Nafion discriminating monitor, a stud)' of
i.nt> use of a wetproof catalyst in discriminating monitors, the development of
tritium process monitors and the evaluation of passive samplers for HTO and HT
monitoring-

Wetproofed catalysts, originally developed at Atomic Energy of Canada
Li.inti.ed (AECL) for hydrogen isotope separation, have been successfully applied
in hydrogen-oxygen recombination. This technology has been applied to low
level tritium monitoring as a means of eliminating the need for hydrogen
swamping and for heating the catalyst, which are common requirements in low
level HT monitors. Tests with this catalyst showed that HT conversion
efficiency generally exceeded 90% although performance was poorer in tests at
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low temperature and high air flow. It is anticipated that a monitor based on
this type of catalyst could be especially suited for use in remote locations
and field studies, where electrical power and/or hydrogen for swamping are not
readily available.

The need for new designs of in-line tritium process monitors at Chalk
River Nuclear Laboratories was due to the construction of a Tritium Extraction
Plant, research into tritium handling and packaging, and other research and
development projects concerned with the tritium aspects of fusion. Three
models of ion chamber based tritium process monitors have recently been
designed, built and evaluated. These monitors cover the range of tritium
activity from 37 kBq m~3 to 90 x 10~3 TBq m~3 (100% tritium). The signal from
these ion chambers can be processed by a commercial electrometer amplifier or
by a custom amplifier designed for a specific purpose. All monitors were
designed using standard off-the-shelf components to minimize customizing costs,
to facilitate the assembly and disassembly of the units, and to simplify
meeting applicable quality assurance codes. Because these monitors are used in
tritium process lines they were designed to meet both vacuum and pressure
design criteria. The design of all the Ion chamber monitors described here
allows baking oat to moderate temperatures (a few hundred degrees Celsius).
This allows decontamination when surface adsorption buildup becomes a problem.
All ionization chambers are fabricated from stainless steel. Ceramic
insulators are used as required. The monitors are used with either helium,
deuterium, or hydrogen as a carrier gas-

Passive samplers for trltiated water vapour, similar to those developed
by Ontario Hydro, have recently been evaluated in laboratory tests and in
limited field trials. This initial evaluation has been very favorable and it
is anticipated that a large scale field evaluation will be undertaken. Various
options are under consideration to allow the extension of this technique to the
sampling of tritiated hydrogen gas.

1.1.2 ZlLLLiHlIL-il! t n e Environment - R.M. Brown, Environmental Research Branch

Some of the first measurements of globally dispersed tritium in the
environment were done at CRNL in 19T3 for the purpose of detecting, and
identifying, thermonuclear weapons' tests. It was immediately realized that
tritium released in such tests constituted a world-scale tracer for the
movement of water through the global hydrological cycle. Measurements of
tritium in precipitation, surface and groundwaters have continued to the
present day at CRNL as well as in many laboratories around the world detailing
the dispersal of this tracer. These studies have given valuable information on
the. turnover rates of water within various compartments of the hydrological
cycle. At CRNL, measurements of the tritium content of Ottawa precipitation
demonstrated the annual cycle of transfer from the stratosphere to the



troposphere and subsequent washout by precipitation. Measurements of the
appearance of this deposited tritium in the Ottawa River gave a measure of the
water storage capacity of the Ottawa Basin. Measurements of tritium in
groundwaters still serve to detect the presence of water which has infiLtrated
within the past 30 years. In some confined aquifers, the 1961 pulse of bomb
tritium can still be located, although at low concentration, providing an
estimate of transit time from the recharge zone useful in contaminant transport
considerations.

Study of tritium in the local CRNL environment has had two purposes:
monitoring of the dispersal of reactor tritium from site facilities and use of
this reactor tritium or injected tracer tritium in the study of environmental
dispersion processes- The monitoring program has given long term records of
tritium release and deposition around the CRNL site and movement of HTO from
waste management facilities. We now make use of these to test atmospheric and
groundwater dispersion models. Surveys of HTO plumes in Waste Management Areas
have given information on the direction and velocity of groundwater flow in
these areas. Since the movement of most other radionuclides is delayed by
geocheraical absorption processes, the HTO serves as a relatively innocuous
forerunner of other radionuclides, indicating potential future migration
routes. In Waste Management Area "C" (used for low level solid waste)
reduction of tritium releases from a portion of the site has demonstrated the
effectiveness of an experimental barrier installed just below the surface to
prevent the infiltration of precipitation and snowmelt- Movement of other
raii lonuclid.es, dependent on groundwater flow, will also have been inhibited.
In the Twin Lakes tracer studies of aquifer dispersion, an injection of HTO was
used to check the transport behaviour of 1-131 which was being used for in_ situ
monitoring of groundwater movement. In 1987 July a larger slug of HTO was
injected to trace groundwater flow patterns over a longer distance than is
possible with 1-131. By 1987 December the slug was about 17 5 ra from the
injection well and was expected to be detectable when it reached the surface
discharge zone at 250 m.

Evaporation from a lake surface has been studied by measuring the flux
of HTO from Perch Lake which has elevated levels of reactor tritium. This was
done by combining the vertical wind speed and HTO vapour concentration profiles
measured at the downwind side of the lake. Since virtually all the tritium had
been added by the lake, measurements were much more sensitive than trying to
determine the small amount of normal water vapour added by the lake to the
large amount already present in the air.

A number of studies of the uptake and distribution of tritium in
vegetation in the open environment, particularly trees, has been undertaken at
Chalk River. HTO in the foliage of vegetation is in relatively rapid
equilibrium with atmospheric HTO, hence leaf mixture can be used as a
convenient sampling medium to observe the atmospheric dispersion pattern of
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tritium over an extended area. With the high sensitivity of our tritium
measurements, the HTO plume from CRNL has been observed above background levels
to distances of 40 km. Tritium bound to carbon atoms in the photosynthesis of
organic components is immobilized when a tree growth ring is formed. The
history of tritium exposure of trees has been learnt by observing the
distribution of organically-bound tritium in a sequence of annual growth rings.
Tn contrast, free HTO within vegetation is very mobile. Although only the
outer few growth rings of a tree stein are active in moisture transport up the
tree, HTO has been observed in growth rings formed more than 15 years before
any reactor tritium was present in the area. The rooting depth of trees has
been studied by measuring the HTO content of trees growing in an area where
tritium from a waste management occurs in the groundwater at a range of known
depths. Such information is important in assessing the possible transfer of
fission product radionuclides from groundwater to the surface by vegetative
uptake.

Recently we have conducted several experiments studying the fate of
tritium released to the environment as elemental hydrogen. This is relevant to
consLderation of potential hazard from facilities handling large amounts of
T2 or HT, e.g. plants extracting tritium from reactor D2O, fusion test
facilities and plants producing tritium-based self luminous signs and lights-
After preliminary experiments in 1986 August and 1987 February, an
.International experiment was conducted in 1987 June, in association with the
Canadian Fusion Fuels Technology Project and Ontario Hydro Research Division,
in which scientists from six countries studied the dispersion and deposition of
tritium from a release of 3.5 TBq (95 Ci) of HT at the CRNL Meteorological
vield. The experiment offered an opportunity to intercompare measurement
techniques and to study the rate and site of oxidation of HT to the much more
hazardous HTO form, the deposition of tritium on soil and vegetation, the
transfer of HTO down the soil column, the pickup of tritium by vegetation and
the formation of organically-bound tritium in the vegetation. The rate of
oxidation of HT in the atmosphere and on vegetation was found to be extremely
slow, conversion to HTO occurring by microbial action on HT diffused into the
soil- Deposition velocities in the range 2 to 11 x 10~^ m.s~^ were measured by
all participants. Approximately 1% of the released tritium deposited on the
400 m long field. Reemission rates for HTO from the soil were observed to be
2.5 to 15% of deposited tritium during the first hour, decreasing subsequently
to 0.7 to 1%/h. Reemission was inhibited during the night (cool temperature,
dew) and in rainy periods. Vegetation obtained its tritium from the soil water
or exchange of leaf moisture with atmospheric HTO resulting from evaporation of
soil moisture. The experiment provided an excellent opportunity to study the
whole cycle of tritium transfer in the open environment.
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1-1.3 RBE of Tritium - D.K. Myers, Radiation Biology Branch

Work on the relative biological effectiveness of tritium beta rays
compared to X-rays for acceleration of the appearance of mammary tumors in rats
was described in the topical summary of Progress Report PR-HS-18 in 1984. The
results have been published in the journal Radiation Research. As noted at
that time, it would be useful to have results from similar experiments that use
the induction of cancer, rather than acceleration of its appearance, as an
endpoint. A project on induction of myeloid leukemia by tritium and X-rays in
CKA/H mice was therefore initiated in 1986; the costs of this project are
being shared by ASCL, Atomic Energy Control Board and the Utilities- This
study involves 5 000 mice and is scheduled for completion early in 1990. The
experimental design was described in a publication in the journal Radiation
Protection Dosimetry.

An extensive literature review of the Toxicity and Dosimetry of Tritium
has maanvhile been prepared in collaboration with J.R. Johnson for the Advisory
Committee on Radiological Protection, Atomic Energy Control Board. The
recommended procedures for estimation of effective dose equivalents from
exposures to tritiated water or trttiated hydrogen gas appeared to be
reasonable for radiation protection purposes. The same procedures would not be
•iiiequate for exposures to other tritiated compounds. Some problems requiring
Farther research were identified.

SUMMARY - A.M. MARKO

L-2.1 Dosimetric Research Branch

The International Commission on Radiation Units and Measurements (ICRll)
has proposed two new dose equivalent (D.E.) quantities to be used in radiation
protection for specifying radiation fields (ambient and directional D.E.s) and
! wo for measuring the doses received by individuals (penetrating and
superficial D.E.s). These apply to all types of ionizing radiation and are
intended to replace exposure and varied D.E. indexes defined some years ago.
In choosing these new quantities, one objective was that existing
instrumentation and techniques should be capable of measuring them without
drastic modifications- While a number of modifications to filters and
radiators, and to the methods of deriving the D.E. from measurements, will be
required, it appears in general that the new ICRU quantities could be measured
just as accurately as the old quantities. Considerable modifications to
calibration procedures will be required and these are under study by an ICRU
Subcommittee-
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In the current TLD readers at CRNL, the TLDs are heated until a preset
temperature is attained. They are then heated for an additional fixed period
of time and then read. An alternative method is being studied. The TLD is
heated for a fixed period, at the end of which the preset temperature is
attained. The fixed period is broken down into three shorter ones - only the
second period is used as an indication of the dose. The tested method shows
several advantages, such as better discrimination against spurious light
signals which are emitted at a lower temperature, more complete removal of
residual signals, and smaller, more reproducible readings from unirradiated
TLDs. This technique lowers the smallest detectable dose and improves the
accuracy and reliability of the measurement of small doses-

The experimental part of the study of the quantitative measurement of
tritium contamination on surfaces was completed and a final draft report was
submitted to Ontario Hydro. After some revisions to the draft, the final
report has been accepted by Ontario Hydro. The major conclusions were reported
in the previous progress report.

Because of continued problems with the Sanotek control computer for the
stack monitor, it has been decided to replace this unit with one developed
within CRNL. E. Long of Mathematics and Computation Branch has been seconded
to the branch to assist with this project- Most of the defined hardware for
the replacement computer for the reactor stack effluent monitor has been
specified and ordered, the controlling software has been outlined and writing
the program has begun.

The new Chalk River Dosimetry Database (CDD) has been operated in
parallel with the old Personal Radiation Recording System (PRRS) during 1987.
Only a few discrepancies between the results of the two systems have been
encountered since June, and radiation exposure reports have continued to be
produced routinely by the CT)D. A few of the PRRS procedures are still required
such as those for the archiving of input data files; these will be set up to
run independently, allowing the main PRRS system to be abandoned on schedule at
the end of the year. Since the CDD, like PRRS, runs on the CRNL mainframe
computer under NOS/BE, it is unfortunately necessary to begin work almost
immediately on yet another data base to run in either the NOS/VE or VAX
environment•

At WNRE's request, the Branch has undertaken a literature review of the
vegetable intake/internal dose pathway for thorium in order to determine if an
estimate of the dose to man from radioactivity in soil or water can be made
from reported concentration of thorium in these materials and in people.

The data base for the metabolic model of cerium presently used by CRNL
has been modified to allow direct excretion of cerium from the blood
compartment via urine. This modification of the 1CRP model has resulted in
better agreement with monitoring results.



The proposed new ICRP lung model has been tested using various sets of
occupational contamination data. The flexibility of the model makes it much
simpler to use to evaluate doses from bioassay results following an acute
exposure. However, the model has time dependent fractional clearance rates,
and these result in difficulties in assessing data from chronic exposures.

1-2-2 Environmental Research Branch

Mass balances of the incident fluxes of water and common anions in the
snow and its subsequent melt and runoff have been completed. These show that
water, sulfate and hydrogen ions very nearly balance whereas less than half the
inputs of nitrate appear in the runoff. This result confirms earlier
observations and with a more comprehensive experimental design this past winter
the result is unambiguous.

Re-activation of the Twin Lake site became a project of considerable
interest as part of our efforts to broaden our base of environmental and
Lexicological research. The tracer site offers a setting where the subsurface
transport and degradation of organic contaminants of particular concern can be
studied under controlled field conditions. Such contaminants would include
pesticides and relatively soluble components of petroleum products. Results at
Twin Lake would undoubtedly be somewhat site-spacific, but would provide a
benchmark against which one could test various laboratory procedures for
•nivisuring properties and processes of concern. It would also be possible to
usi.1 the site for testing procedures to extract contaminants from aquifers or to
destroy them J_n î_t_u. The Twin Lake tracer site also offers the possibility of
observing contaminant behaviour daring discharge to a wetland and a chance to
study the behaviour in this highly organic interface.

The long residence times associated with the migration of radioactive
materials detrimental to the quality of groundwater preclude the performance of
iargw-scale study field tests that are required to validate predictive
contaminant models. At CRNL field observations collected from the existing
contaminated sites have been used to assess the validity of existing models.
The -najor limitation associated with the data obtained from the studies is the
scarcity of information on the source of contamination and plume evolution in
time and space. In this research program, field observations are augmented by
data obtained from controlled experiments. Field-column experiments and
relatively large-scale dispersion experiments are used to decrease the
deficiencies in the database obtained from the observational studies. In
addition to the. field data obtained from observational studies and controlled
experiments, laboratory experiments are used to research the phenomena that
are not well understood and to scrutinize the models. With respect to this
overall program of predictive model validation, the Progress Report describes
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efforts to provide a state-of-the-art methodology in validating mathematical
models of conservative contaminant transport in groundwater.

The approach adopted in the model validation program is based upon the
interconnection between modelling, experiments and observational studies. A
field-oriented experimental program has been established at CRNL with the
objective of evaluating existing models of the dispersion process and providing
the basis for modification or development of new models. This is achieved
through two natural gradient tracer tests. Furthermore, a combination of data
from field observations, field-column experiments, and laboratory experiments
on phenomena and conditions analogous to those of a radioactive waste
repository are used to evaluate existing models of retentive mass transport-

The analysis of the results of the experimental pvogram to assess
bacterial transport via groundwater moving through rock f.actures has been
completed. The breakthrough curves for injected Escherichia coli and
"non-reactive" particle tracers were compared with those for conservative
inorganic and radioactive tracers. Rapid transport, relative to the
conservative tracers, of both bacteria and nor-reactive particles was observed.
The first appearance of both was with, or slightly before, the conservative
tracers for water movement. Removal of the bacteria and particles by
fiLtration processes occurred and was quantified through the calculation of
filter factors. The filtration process in this fracture system is similar to
that found in a gravel aquifer. From the results we can conclude that
part: Lculate contaminants can be very rapidly transported in fracture systems
•ind that continuing sources of contamination could lead to relatively high
local concent rat tons of particulate contaminants compared with the average at
any given distance from the source. It was also concluded that the use of
traditional conservative tracers, for water movement, to assess the potential
for movement of parciculate contaminants could lead to significant
underestimates of exposure to particulate contaminants due to consumption of
water from wells located in fractured media.

Prediction of the transport of radionuclides from waste disposal
facilities requires an adequate understanding of the processes affecting the
transport of specific radionuclides. An alternative approach to long-term
field tests or short-terra laboratory tests for assessing these processes is the
jLn. si_t_u field column technique. Columns constructed from undisturbed cores of
aquifer matrix are placed in a well that had a screen located at the depth from
which the column sediments were previously collected. The columns provide a
defined flow system, tracer can be injected from the surface, the porous media
with which the tracer was in contact is fully recoverable for analysis, the
hydrogeochemical conditions of the aquifer can be closely approximated in the
column, and the time needed for the experiment can be selected by controlling
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column dimensions. It is proposed to study the behaviour of the following
radionuclides in these columns: neptunium, plutonlum, americium, iodine and
technet iutn.

The differences in distribution of stable iron concentrations in water;
in the suspended and sinking particles and in sediments can not be explained by
equilibrium K^ models nor by kinetic models as a homogeneous compartment.
They can be explained by a kinetic model that distinguishes suspended particles
with long residence times in the water column from sinking particles with
comparatively short residence times- This model predicted the observed
partitioning of Fe between water and sediments to within a factor of 3,
improving by more than one order of magnitude on the predictions of models that
assume a homogeneous particulate compartment. These analyses suggest that
models of radionuclide transport in surface waters must consider the
heterogeneity in particle behaviour. The success of the two particle
compartment model in predicting the partitioning of stable Fe is encouraging
for prospects of long range prediction of nuclide behaviour in surface waters.

Following the Chernobyl reactor incident late in April 1986, a watching
brief has been maintained on the radionuclide distributions, radiation
exposures and counter-measures adopted over the globe as such information
becomes available. In company with the vast majority of other national nuclear
agencies, the Environmental Research Branch (ERB) will be participating in
appraisals of scientific information that can be gained from the observed
dispersion of activity and in reviews of the appropriateness and effectiveness
of criteria used for turning on various counter-measures.

The ERB has been approached by CANDIJ Operations and Ontario Hydro to
develop an environmental assessment program that will meet Atomic Energy
Control Board requirements for licensing the shutdown of the Nuclear Power
Demonstration reactor, with only security staff on site while the calandria and
other large, radioactive components are left in place in extended storage to
allow decay of internal radioactivity. Fuel and heavy water have already been
removed from the reactor. Work to develop an assessment program has begun.

Sedimentary Total Organic Carbon (STOC) determinations are performed in
the ERB on a routine basis both for branch research projects and on a limited
basis as a commercial service. Several analytical protocols are in use for
STOC and recently ERB had an opportunity to compare its methodology with that
of another institution. The comparative results varied by up to an order of
magnitude. Preliminary tests have been run to evaluate the methodology and
more interlab comparisons are planned. On the basis of the initial results the
ERB is satisfied that its methods are appropriate for the samples and
conditions under which they are routinely used. The results suggest that the
relatively harsh conditions used by others may be yielding anomalously low
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values for STOC. A major difficulty in the work is that an appropriate
standard reference material to use for comparing the accuracy of the various
methods has not been found as yet.

Nuclear power producers are taking an increased interest in the
management of wastes containing carbon-14. Ontario Hydro outlined sources of
and major concerns with radiocarbon wastes at a one-day workshop organized by
the Waste Management Technology Division, and AECL staff outlined their
information and experience with carbon-14. In part as a follow-up on previous
measurements of carbon-14 in vegetation around CRNL Waste Management Areas and
in part as a response to renewed interest in the isotope, a limited study of
the distribution of carbon-14 in soil gas and groundwater at Waste Management
Area "C" has begun.

Levels of carbon-14 in the soil gas are high enough that CRNL will
undertake some additional work to assess the importance of radiocarbon releases
from Waste Management Area "C". Sampling for carbon-14 analysis of dissolved
inorganic carbon (DIC) in the plume of contaminated groundwater leaving the
uncovered portion of the site is currently underway. This plume has already
been defined by measurements of tritium concentration in a network of
piezometers. Tritium has been present for many years in the wetland and stream
receiving groundwater discharge; these surface waters will also be tested for
c-irbon-14.

1.2.3 Radiation Biology Branch

Two hypotheses were proposed for modes of action of thalidoraide and
other teratogenic analogues on cell lines derived from the "pseudo-thalidoraide
syndrome (Roberts syndrome). In the first, direct action on DNA to cause
interstrand cross links might occur; this would be expected to result in a
cytotoxic response in normal cells and a more pronounced sensitivity of
cultured cells derived from Roberts' Syndrome patients. In the second,
inhibition by thalidoraide of the repair pathways required to remove
interstrand cross-links might occur; although thalidomide might not be toxic
by itself, it might result in increased sensitivity if applied in combination
with ionizing radiation. Results of experiments did not produce evidence to
support either hypotheses.

The screening assay using lymphoblastoid cells may prove useful in
determining the cancer susceptibility of individuals exposed to specific
carcinogens. However, for cancer therapy application, the 4-8 weeks required
to carry out the assay, after the diagnosis of neoplasia, is too long to allow
a prediction of cancer treatment response prior to the commencement of the
therapy. Hence the possibility of a new more rapid assay based on the
sansitlvity of peripheral blood lymphocytes is being investigated. This
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lymphocyte assay can be based on the same principle as the lymphoblastoid assay
in that a grow-back ratio of treated to nontreated dividing lymphocytes may be
achievable. Attempts to initiate lymphocyte biastogenesis by the use of T-cell
mitogens and growth factors have been successful and it is expected that a
ten-fold increase in lymphocytes will enable one to competently carry out the
grow-back assay.

Cell lines derived from a number of cancer patients have also been
examined. Two of these seem to exhibit resistance to MMC. This response may
well be due to sub-normal bioactivat ion rather than to DNA repair being more
efficient than normal. Resolution of this question will require determination
of the actual amount of DNA damage induced In both resistant and apparently
normal cells by the same MMC exposure- It may be noteworthy that twice as many
strains from ostensibly normal people have been tested, and none have exhibited
this resistant response.

In the experiment to determine the RBK of tritium for myeloid leukemia
daily observation of the mice have continued for the past six months with
collection of tissues from animals which had died or were sacrificed. Gross
pathology and histology of collected tissues is being used to arrive at the
final diagnosis of myeloid leukemia- This diagnosis will be audited by Dr.
.O.K. Percy, the veterinary consultant pathologist from the University of Guelph
who was acquired for quality assurance in this study.

Natural killer (NK) cells are a type of human white blood cell that havs
the ability to recognize and kill (by cellular lysis) other cells of the same
individual that have become tumorous. As such, they represent the last line of
defense against cancer and may be particularly important before the original
mincer has undergone many divisions- These NK cells exist in the active state
in the circulatory system and do not need to be stimulated or activated as do
some other types of killer cells- In a cancer patient these cells may play a
role in preventing the growth of secondary tumors, e.g. from metastasis- When
a cancer patient is receiving treatment by radiation and/or hyperthermia, NK
cells in the circulatory system are necessarily exposed to the treatment, as
are the tumor cells- This project is designed to assess the effects of
hyperthermia and radiation on NK cells, and on the ability of exposed NK cells
r;o lyse treated tumor cells. Such data will provide information on the
alteration in the risk of secondary tumor formation which could result, from
such exposures-

Results have shown that a single hyperthermia treatment near the time of
exposure to an alkylating agent increased the number of both proraotion-
dfipendent and promotion-independent initiated cells and, as a consequence,
increased the risk of carcinogenesis associated with that exposure. It is
apparent that the risk associated with an exposure to a chemical initiator or
promoter is not a fixed value but can be increased or decreased by a cellular
stress applied near the time of exposure.
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To determine the extent of variation in radioresponse that might be
expected in the populatLon-at-large it has been necessary to undertake blind
screening of several hundred human lymphoblastoid cell lines (LCLs). A large
collection of strains has been accumulated for use in this work. Most of them
have been established at Chalk River from blood samples obtained from normal,
healthy donors. LCLs have been established for several genetic disorders
including ataxia telanglectasia (from patients and from carriers), xeroderma
pigtnentosum, Fanconl anemia and Bloom syndrome. All these strains have been
used in the blind screening tests. Regrowth curves are obtained for
unirradiated controls and for cells exposed to acute and chronic Co-60 gamma
rays. To date a total of 1 263 analyses have been performed.

The preparation of competent E. coli cells is a key step in performing
iji vitro recombination studies and for DNA cloning procedures. Several key
factors important in the production of competent cells have been identified.
This hay resulted in the routine production of some E_-_ coli cells able to
undertake extremely large number of transformations. The procedure has been
streamlined so that a large number of hypercompetent cells can be produced in a
single day.

The scientific literature on risk estimates for humans is currently in a
state of flux as a result of re-evaluation of doses received by the
Hiroshima-Nagasaki bomb survivors. It appears probable at the present time
that risk estimates for adult males will not be greatly altered, but estimates
of risk to persons exposed at a young age (particularly young girls) may be
increased appreciably. This latter increase is due primarily to revision of
the models used to extrapolate from observations of radiation-induced cancers
over a limited .lumber of years to predictions of total excess cancers expected
to appear over an average lifetime of about 75 years. The overall impact is
likely to be little change in risk estimates for male radiation workers but an
increase of about two-fold for a general population of all ages.

1.2.4 Medical Biophysics Branch

Culture conditions for assaying colony-forming ability of human myeloid
progenitor cells are now well established yielding adequate plating
efficiencies.

In 25 out of 33 cases, the survival response of myeloid progenitor cells
from fresh human bone marrows, x-irradiated jtn vitro in phosphate buffered
saline, was characterized by a two-term exponential relationship. In the
remaining eight cases, where the plating efficiency was ten times lower,
survival of cells followed a simple exponential function. These results
illustrate the importance of optimizing the plating efficiency of bone marrow
progenitor cells if their different sensitivities to radiation are to be
observed.
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Mononuelear cells From fresh human bone marrow were sorted by flow
cytometry into three regions of interest. Cells from each region were isolated
and cultured under conditions to permit rayeloid progenitor cells to form
colonies- It was found that only one region contained the majority of myeloid
progenitor cells.

Monoclonal antibodies (MAb) to human cuprozinc and manganese superoxlde
dismutase in the active and inactive states are produced by culturing strains
of hybridomas. A serum-free growth medium for culturing the hybridomas has
•also been developed. This procedure leads to lower costs and simplifies the
purification of MAb.

A protocol has been developed to continue growth of T-lymphocytes beyond
the 30- to 60-day "crisis period" usually seen when long-terra T-cell cultures
are attempted. Cultures of T-lymphocytes from peripheral blood are being kept
in what appears to be continuous growth by monthly restimulation. Thus,
long-term culture has been achieved- Studies are continuing in order to define
the optimum growth and re-stimulation conditions and to extend these results to
cells derived from human bone marrow.

Since ionizing radiation can suppress the immune response, it was of
interest to study the effects of radiation on the surface receptors of humin
lymphocytes- The leukeraic T-cell MOLT-4 is radiation sensitive and carries the
T6 receptor, which is expressed on cortical T-lymphocytes. The effect of
radiation on the surface density of T6 was measured by indirect immunostaining
vising flow cytoraetiry. The fluorescent signal was gated on the live cell
region. Thus, the density of anti-T6 binding was measured on live cells, even
though there was significant radiation-induced cell death. The anti-T6 binding
increased in Irradiated cells. Binding peaked at approximately 2 Gy and began
.""!> decrease by 3 Gy, although it remained higher than In unirradiated controls-
The increased binding at low doses suggested that the membrane receptors became
more accessible after irradiation.

It has been shown that the fluorescence lifetime instrument can resolve
MiK 3 to Z transition in alternating purine-pyrimidine co-polynucleotides, both
Li terms of the spectroscoplc and kinetic properties of the DNA-specific
fluorescent probes.

The problems associated with the scale-up of the affinity
chromatography procedure for the purification of glutathione peroxidase have
been overcome and conditions for this technique have been optimized. The
result is that preparations of glutathione perioxidase are 85-90% homogeneous.

1.4.5 General - Health Sciences

29TH ANNUAL RADIATION PROTECTION COURSE
Hosted by A.M. Marko at AECL, Chalk River, Ontario
1987 September 28-0ctober 02
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1.4.6 Seminar Speakers - Health Sciences

ORGANIC CONTAMINANT TRANSPORT - FIELD EXPERIMENTS
J.F. Barker
Dept. of Earth Sciences, University of Waterloo, Waterloo, Ontario
1987 July 31

CONDENSATION PROCESSES IN THE ATMOSPHERE
A.D. Kaye
Physics Dept., York University, Toronto, Ontario
1987 November 30

USE OF ENDANGER ASSESSMENTS IN EVALUATING REMEDIAL ALTERNATIVES
G.W. Lee, Jr.
Blasland and Bouck Engineers, P.C., Syracuse, New York, U.S.A.
1987 December 08

THE OXYGEN ISOTOPIC COMPOSITION OF SULPHATES IN UPLAND FOREST OF THE PLASTIC
LAKE WATERSHED, DORSET, ONTARIO
D.R. Van Stempvoort
Dep!:. of Earth Sciences, University of Waterloo, Waterloo, Ontario
1987 December 17
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2.2. NEUTRON DOSIMETRY

2.2.1. Response of Radiation Protection Instruments to New ICRU Dose
Equivalent Quantities - W.G. Cross

The International Commission on Radiation Units and Measurements
(ICRU) has proposed two new dose equivalent (D.E.) quantities to be used in
radiation protection for specifying radiation fields (ambient and directional
dose equivalents) and two for measuring the doses received by individuals
(penetrating and superficial individual D.E.'s). These apply to all types of
ionizing radiation and are intended to replace exposure and the various D.E.
indices defined some years ago. They are defined in terms of D.E.'s at
specified locations in a standard ICRU tissue sphere. In choosing these new
quantities, one objective was that existing instrumentation and techniques
should be capable of measuring them without drastic modifications. The main
instrumental and dosimeter characteristics that must in many instances be
changed are the energy response and angular response.

A general study has been made of these responses for all major types
of detectors used in radiation protection. Gamma ray survey instruments that
now measure exposure will under-respond to ambient D.E. by up to a factor of
1.6, in the energy region between 40 and 200 keV. The energy response of
ionization-chamber instruments can be made acceptable by thickening the
chamber walls and lining part of them with At. Instruments based on Geiger-
Muller or semi-conductor detectors can be improved adequately by modifying
their energy-flattening filters. The gamma-ray energy response of LiF TLD's
will be adequate but the beta-ray energy response will present the same severe
difficulties as it has in the past. However, the angular response that will
be required for beta rays will be more easily achieved than before, provided
that a suitably thin TLD is used. The desired angular response for beta-ray
survey instruments is no longer isotropic but drops off sharply at large
angles of incidence.

For neutrons, the energy response of moderator-type survey
instruments ('rem meters') presently varies by a factor of 4 or more and will
be about equally bad for measuring ambient D.E. The responses of personal
neutron dosimeters, such as etched track or bubble detectors, will also remain
about the same as it is at present.

The accuracy with which other types of detectors - proportional and
scintillation counters, TLD materials other than LiF, photographic film,
radiophotoluminescent detectors and thermally-stimulated exoelectron emission
detectors - can measure the new quantities has also been studied. While a
number of modifications to filters and radiators, and to the methods of
deriving the D.E. from measurements, will be required, it appears in general
that the new ICRU quantities could be measured just as accurately as the old
quantities. Considerable modifications to calibration procedures will be
required and these are under study by an ICRU subcommittee.
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2.2.2. Response of CR-39 to Low-Energy Heavy Ions - W.G. Cross and A.
Arneja

As part of a program to understand the mechanisms and energy
response of CR-39 neutron dosimeters, the response of CR-39 to low-energy
carbon and oxygen ions is being studied. These are produced in dosimeters by
elastic scattering in the CR-39. Beams of singly-charged C and 0 ions were
produced by a 150-keV accelerator, by using CO2 in the radio-frequency ion
source, and were analyzed by a 30° magnet. They were scattered through 135°
by a thin (20 ug/cm ) layer of Au evaporated onto a VYNS film, and entered
CR-39 detectors mounted in the vacuum of the accelerator. The CR-39 was
electrochemically etched in KOH solution at 60° C, at a field strength of 25
kV/cm.

No tracks have been detected for ions of energies up to 90 keV. The
work will be extended to higher energies when a larger magnet power supply is
obtained.

2.2.3. Equipment for Electrochemical Etching of CR-39 Dosimeters - A.
Arneja, B.A. MacDonald and W.G. Cross

The circuit layout of the high voltage supply used for
electrochemical etching (AEP 5366) has been changed to facilitate
construction, and a modified supply has been built and tested. These changes
do not affect the electrical specifications.

2.3. THERMOLUMINESCENCE DOSIMETRY

2.3.1. Ontario Hydro Intercomparison of Personal Dosimeters - A.R. Jones
and A.H. Ohno

Along with other Canadian dosimetry agencies, CRNL took part in an
intercomparison of dosimeter response when irradiated on a phantom in photon
and mixtures of beta and gamma fluxes prevailing in reactor environments.

The evaluated doses, for each agency are being compared with the
dose absorbed on the phantom under a 1 g.cm cover. The preliminary CRNL
results are consistent with the delivered doses and the calibration used here,
at least when beta doses are small. Since the beta rays encountered in this
environment are high energy they produce a substantial increase in the
apparent deep dose (the dosimeters are covered by 0.54 g.cm" of material).
The results will be evaluated for all agencies and the results published in a
report in preparation.

A similar report is being prepared to present the results of an
earlier intercomparison performed at CRNL under laboratory conditions. The
two intercomparisons are complementary. The first permitted control of the
irradiation conditions. In the experiment conducted at Ontario Hydro, the
conditions were not controllable or exactly known. However they were probably
more realistic.
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2.3.2. Environmental Dosimetry Calibration Experiment - A.R. Jones and A.H.
Ohno

In the course of many environmental dosimetry intercomparisons
performed under the aegis of the US DOE an anomalous observation has been
made. Those agencies using Co sources for standardizing achieve, on the
average, more accurate results than those using 1J'Cs gamma rays.

CRNL, along with the other agencies who have access to both sources,
are cooperating in an experiment coordinated by EML (New York.) to try to
explain the anomaly. In the meantime Co continues to be used for
standardization at CRNL.

2.3.3. Constant Time vs. Constant Temperature Read-out of TLDs - A.R.
Jones, R.M. Holford and W.F. Richter

In the existing CRNL TLD readers the TLDs are heated until a fixed
time after the cooler surface has attained a preset temperature.

An alternative method is being studied. The TLD is heated for a
fixed period, at the end of which the preset temperature must be attained
(otherwise an alarm condition is set). The fixed period is broken down into
three shorter ones. In the first, the light is not measured. In the second
the light is measured and used as an indication of the dose. The light
emitted in the third is used as an indication of the reader and dosimeter zero
signal and is subtracted from the signal obtained in the middle sub-period.

It is hoped that this alternative method will have the following
advantages:

- elimination of spurious light signals which occur at relatively low light
levels

- improved precision at both high and low dose levels
- reduction of residual signals
- simplification in the processing of controls

Data has been accumulated and is being analyzed to see if these
advantages can be realized, and to optimize the division of the time period
into the three periods mentioned above.

2.4. BETA DOSIMETRY

2.4.1. Tests on MOSFETs and Silicon Diodes for Use in Beta Warning
Dosimeters - A.R. Jones and A.H. Ohno

Four test jigs have been constructed for testing the two types of
detectors. Each jig carries one of each of the two detector types and sample
TLDs of those used at CRNL for surface dose monitoring. They also include the
necessary circuits to display the doses indicated by the MOSFETs and silicon



2-7

diodes. This arrangement permits the comparison of the doses indicated by the
two active detectors and the TLDs in laboratory and field experiments.

The individual detectors have been calibrated and tested in the
laboratory. Their response to beta doses of different magnitude, and dose
rate from beta spectra of different energies have been measured. These two
tests have been done because it is likely that the MOSFET detector performs
well at low dose rates while the silicon diode performs well at low doses.

2.4.2. Extremity Dosimeter Monitoring and Calibrating - A.R. Jones and A.H.
Ohno

At present extremity dosimeters used at CRNL are made from quite
thin (~ 30 mg.cm"-) layers of teflon containing grains of LiF. These are
encased in 30 mg.cm"- covers and are sufficiently flexible to be worn on the
finger tips (where the doses are generally the highest) without too much
inconvenience to the user. An alternative, which is being considered, is a
thicker TLD, 100 mg.cm"^, held in a ring with a thin (7 mg.cm"^) cover.

To compare the two dosimeter types, both were calibrated with a
uranium slab and then exposed to various beta radiations both from contact and
remote sources, and to X- and gamma-rays.

It was found that both types overestimated the doses from ' Y beta-
rays or photons by 50% and underestimated the doses from 2 0 4 ^ ĵy ab o ut 50%.
Only the ring mounted TLDs detected -*• Pm beta-rays. In addition, they are
capable of detecting much smaller doses than the ones currently used.

The ring mounted TLD have a more uniform response for contact doses
but they are less uniform in response when the TLDs are remotely irradiated.

If they are acceptable to the users, the ring mounted TLDs are
generally superior. Also, their reader is more reliable and faster.

Another competitor is a single non re-usable TLD with a bar code
identification. According to the claims of the manufacturer (which have been
supported by independent tests), it is very thin and has a thin cover and
should therefore provide a good energy dependence. A sample of these has been
obtained and irradiated over a range of beta ray energies and doses.
Following this they were returned to the manufacturer. A second sample has
also been received to permit further testing.

2.4.3. Dose Rates from a Uranium Slab - A.R. Jones and A.H. Ohno

Uranium slabs are convenient sources of beta-rays for calibrating
extremity dosimeters because they are large in area, reproducible and provide
a suitable dose overnight (~ 4 rad).

To measure the dose absorbed by the dosimeters bearing in mind their
inass/area and that of their covering layer in relation to the dose at 70 urn
depth, it is necessary to know the doses at various depths in contact with the
slab.
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This has now been measured with an extrapolation chamber with window
thickness varied between 20 and 630 um, water equivalent of the polycarbonate
'makrofol1. These measurements permit an estimate to be made of the response
of a dosimeter, calibrated with a uranium slab, to other beta sources in terms
of the source and dosimeter geometry.

2.A.A. Angular Response of an Extrapolation Chamber to Beta Radiation-
W.G. Crcsi and A.R. Jones

For measurement of the directional dose equivalent of beta radiation
(ICRU 39) the angular response required of an instrument is that of an ideal
extrapolation chamber with a tissue-equivalent window 7 mg/cm^ thick. While
some measurements of this "standard" for angular response have been made, it
has by no means been adequately explored. Previous measurements (AECL-950A,
1987) were made using an extrapolation chamber with a 7.A mg/cm2 plastic
window and a * Pm beta-ray source. These measurements have now been made at
a higher beta-ray energy (from ™^Y) and with the source at various distances
between 15 and 100 cm from the chamber. At the shorter distances the response
is nearly 20% higher for angles of incidence between 55° and 70° than it is at
0°, while at 90° it has fallen to about 20% of its 0° value. This peak near
70° is much more pronounced than it is for lower energy betas. At larger
source distances it disappears, presumably because increased air scattering
results in beta rays entering the chamber window with a wider distribution of
directions.

Thus the angular response of an extrapolation chamber varies with
both beta-ray energy and source distance. This makes it very difficult to
specify the ideal angular response of a beta-ray survey instrument or
dosimeter.

2.5. TRITIUM MONITORING

2.5.1. Quantitative Measurements of Tritium Surface Contamination - R.G.C.
McElroy, R.A. Surette, and J.R. Johnson (sponsored in part by
Ontario Hydro)

The experimental part of the study of the quantitative measurement
of tritium on surface contamination was completed and a draft final report was
submitted to Ontario Hydro in the first half of the year.

The major conclusions were reported in the previous progress report.

Ontario Hydro requested some clarification and changes to the draft
report. We responded to these requests and a final report was submitted this
half. The final report has now been accepted by Ontario Hydro.

As a follow up to these experiments, a long term measurement of the
loss rate of tritium from stainless steel was done. Planchets that had been
exposed to elemental tritium were measured for tritium content after being
stored open to room air for almost one year.
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Two sets of planchets were measured. After being exposed to T2 gas,
one set had been degreased with trichloroethylene and rinsed with acetone
prior to storage. The other set was not specifically treated in any way.

The results indicate that the loss rate for the non degreased
planchets was higher. The tritium loss rates from stainless steel planchets
were calculated to be 0.2%/day for cleaned planchets and 1%/day for the other
planchets.

A second series of tests was done to determine if luminescent
compounds contained in the filter paper might interfere with swipe
measurements. This was in response to a report by C.T.Peng and R.L.Hua
("Comments on Tritium Monitoring by Liquid Scintillator Counting", Applied
Radiation Isotopes, 3J5, No- 6» 492-494 (1987)) that the count rate from
various materials, placed in liquid scintillation cocktail, increased in time.
The report concluded that the luminescent material was leached from swipe
material and interfered with tritium monitoring.

In our experiments, the apparent activity increased during the
counting period. However the absolute increase was small. The background
sample, along with the other swipe samples increased by about 20 CPM in four
weeks. One possible explanation of this increase is that it is due to tritium
diffusion into the vials while they were stored in the lab. This was not
confirmed. If the phenomenon was due to luminescence, a large increase would
be expected, even for the inactive samples.

2.5.2. Analytical Tritium Monitors for BEATRIX-2 - R.A. Surette, J. Miller
and S.R. Bokwa

An ion chamber, similar in design to those used in the CRITIC-1
experiments, except for having an effective volume of 50 cc was designed and
built. This monitor is to be used for the gas analysis system in the
BEATRIX-II series of experiments to be performed in Hanford Wa. We are
currently preparing a report describing the various available CRNL designs of
process tritium monitors.

2.5.3. HTO/HT Discriminating Monitor - M.J. Wood, R.G.C. McElroy, and R.A.
Surette (Sponsored in part by CFFTP)

Responsibility for the development, construction and delivery of two
Nafion based HTO/HT discriminating tritium monitors reverted to the Dosimetric
Research Branch in late fall 1986. First priority was to be the delivery a
discriminating tritium monitor, based upon our original design, to the
Radiation Dosimetry Research Group at Harwell. The monitor was shipped in the
first half of 1987.

After careful consideration of the operating environment in the TEP
it was realized that the humidity of the air being sampled could be extremely
dry during the winter and could reach temperatures of greater than 35 degrees
celsius during the summer. It was decided that the discriminating monitor
designed and sent to Harwell was not appropriate for the TEP environment.
Before a monitor design for the TEP could be decided on both the temperature
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and humidity extremes had to be considered as the tritium separation membrane
employed in the monitor was known to be both temperature and humidity
sensitive.

A time consuming but very informative series of experiments were
carried out on nafion tube assemblies, enabling us to predict the permeation
rate of HTO through a given permeation membrane over a wide range of
temperatures and humidities. Although we had performed tests on the humidity
response of the membrane in the past this response was not well known as a
function of the temperature of the membrane. Both the liquid to gas and gas
to gas permeation rates were investigated.

After analyzing the data a discriminating tritium monitor design was
agreed on that should exhibit dependable performance in the TEP environment.
The discriminating monitor for the TEP has been designed and is being
constructed. The monitor is scheduled to be in the TEP in February 1988.

The sampling manifold for the discriminating monitor has been
functionally designed and this design has been forwarded to the Process
Systems Design Branch for final engineering and procurement. The manifold
will enable the discriminating tritium monitor to sample seven remote
locations.

2.5.4. Tritium Stack Samplers for the CRNL Tritium Extraction Plant - M.J.
Wood, R.A. Surette

The practical design for two tritium stack samplers for the CRNL TEP
has been completed. The first sampler is a simple flow through bubbler
sampler to monitor HTO being released in stack gases. The second sampler is a
discriminating tritium sampler, incorporating CRNL-made wetproofed catalyst to
oxidize HT so that both HT and HTO can be sampled. A sketch of the two
samplers along with parts lists for the two samplers have been forwarded to
CRNL's Process Systems Design Branch who are responsible for the final
engineering and procurement of the two samplers. All the necessary hardware
with the exception of mounting hardware, pumps and valves have been forwarded
to the Plant Design Branch.

Arrangements have been made with CRNL's Chemical Engineering Branch
to have two replacement catalyst columns made for the discriminating stack
sampler. The second set of catalyst columns will enable us to exchange the
catalyst columns in the sampler with the spare columns and conduct performance
tests on the old columns following long periods of operation.

2.6. STACK EFFLUENT MONITOR

2.6.1. Calibration of the Flow-meter and the Noble Gas Monitor in the Stack
Effluent Monitor - A.R. Jones and A.H. Ohno

The flow rate in the stack monitor was measured by observing the
delay between two counting rate maxima after a short pulse of *--"Xe was
released. Two GM tubes were stationed about 1 km apart, one within the noble
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gas monitor and one on the main effluent pipe shortly after the junction of
the NRU and NRX effluent pipes. The flow rate was then calculated from the
cross section of the pipe, the delay and the length of pipe between the two
sampling points. The indicated flow rate was found to be 7% low.

The noble gas monitor was calibrated by comparison with a sample of
Ar collected and measured by the Environmental Research Branch. After

observing the difference between the measured and indicated values, the
monitor sensitivity was adjusted to agree with the collected sample.

2.6.2. Filter Change System - R.A. Surette, and R.G.C. McElroy

The filter change system was inoperative during the half due to
problems with the Sonotek control computer.

2.6.3. Particulate and Iodine Detectors - R.A. Surette and R.M. Holford

The particulate and iodine detectors were inoperative during the
reporting period due to problems with the Sonotek control computer.

2.6.A. Control Computer - R.G.C. McElroy, R.A. Surette and E. Long

Due to continued problems with the Sonotek control computer, we have
decided to replace this unit with one developed within CRNL. E. Long of
Mathematics and Computations Branch has been seconded to the branch to assist
with this project.

Most of the defined hardware for the replacement computer for the
reactor stack effluent monitor has been specified and ordered. The
controlling software has been outlined and writing the program has begun.

The hardware selected is a System 2, IBM-PC compatible industrial
computer supplied by Pro-Log Corporation. The System 2 microcomputer includes
the MS-DOS 3.2 operating software and uses STD BUS hardware specifically
designed for IBM PC/XT compatibility. The system offers PC compatibility at
the BIOS interrupt and operating system levels. A ROM disk drive emulator
has been selected to contain the application software for the stack monitor
and diagnostics. A commercial supplier of counter boards to replace the
custom wire wrapped boards used in the original design has been found and
boards have been bought.

The software will run under MS-DOS. The communications with the
four serial ports will be interrupt driven but the rest of the program will
not be interrupt controlled. Real time operation will be achieved by
separating the program into time critical and background tasks. Background
tasks will be performed on a time available basis. During time critical
tasks, the communication interrupts will be disabled. To assure starting
tasks with timing to one second accuracy, each software task will be
subdivided so as to be able to be finished within one second. This coarse
graining of the time will not compromise the overall timing accuracy, as each
time critical measurement period will be measured to better than 0.1 s.
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The software is being written in C, using commercial subroutine
packages for handling the interrupt driven serial communications.

2.7. MISCELLANEOUS

2.7.1. Calculation of Dose Conversion Factors - R.M. Holford

The EDEFIS code has been extended to handle the case of ground
contamination. Initially, the method of Kocher (NUREG/CR-1918) was followed
and the results given for gamma-emitting isotopes were successfully reproduced
to within about 5%. The method selected for estimating dose to the skin from
beta radiation differs from Kocher's in several respects. The approximations
involved in the model being used are such that extreme accuracy in the
physical calculations is unnecessary. Beta particles have a finite range, and
the calculations are greatly simplified if the rate of energy loss is assumed
to be uniform within this range. This assumption is valid within 50% for any
particular distance along the track, and when the function is integrated and
averaged by the dose calculation routines, the actual error resulting from the
approximation is much less than this. A more serious error is that resulting
from the calculation of the dose at a single point 1 metre above the ground.
As a result, all beta emissions with a range in air of less than 1 metre are
assigned a zero dose conversion factor in Kocher's tables. An important
example of an isotope with radiations in this category is carbon-14. By
calculating the dose at five different heights and averaging, a more realistic
result is obtained. Additionally, the mid point of an average person is
assumed to be at 0.8 m, not 1 m; this change also produces a significant
increase in the calculated dose conversion factors.

2.7.2. Radiation Dose Recording - R.M. Holford and D.W. Dunford

Pre-processing of external dosimetry data, and its transmission to
the CRNL mainframe computers, has been successfully transferred to an IBM-
compatible computer specially equipped with a 3g inch disc drive. In
addition, programs for quality control and environmental dose estimation,
previously run on the mainframes, have been translated from FORTRAN into C and
can now be completed on the IBM-type machine.

Pre-processing of regular TLD dosimetry data is now handled by the
TLD-readers themselves, but a copy of the current TLD calibration file is
maintained on the central computers and included with the raw data on archival
magnetic tapes. The time to transmit such a calibration file to the central
computers has been reduced by a factor of ten by transferring it in binary
form using the CDC CONNECT program and then expanding it to printable form
using a short program on the mainframe.

As previously reported, the new Chalk River Dosimetry Database (CDD)
has been operated in parallel with the old PRRS system during 1987. Only a
few discrepancies between the results of the two systems have been encountered
since June, and Radiation Exposure reports have continued to be routinely
produced by the CDD. A few of the Personnel Radiation Recording System (PRRS)
procedures are still required, such as those for the archiving of input data
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files; these will be set up to run independently, allowing the main PRRS
system to be abandoned on schedule at the end of this year. Since the CDD,
like PRRS, runs on the CRNL mainframe computers under NOS/BE, it is
unfortunately necessary to begin work almost immediately on yet another data
base to run in either the NOS/VE or VAX environment.

2.7.3. Intelligent Colony Counter - R.A. Surette and R.G.C. McElroy

In the previous period, we began development of a user friendly
interface for the CRNL developed intelligent colony counter. A menu manager
for C programs was written and merged with the existing colony counter
routines. This "user friendly" interface provides a menu which allows the
various colony counter options to be selected. Typically the user is
presented with a series of choices. Selection of tasks to be performed is
accomplished by moving the cursor to the desired item and pressing the ENTER
key or, alternatively, selecting the first letter of the menu choice, or for
some choices, a function key. The particular selection might result in a task
being performed or result in the presentation of another menu.

Some of the enhancements to the original colony counter software
are: to be able to change the default setup within the main operating
environment, instead of having to run a separate program; the ability to add
comments to the data file and to edit the data; to be able to recount a plate
without affecting the sequence; and to generate a data file in ASCII format
for portability to other software packages such as LOTUS 123.

The main advantage of this menu manager is that the menu structure
is defined by a very simple data structure, which allows easy modifications.
The description of the menu manager has been published in "A Simple-to-Use
Menu Manager for C Programs", AECL-9616.

The revised software was used this summer by students of the Deep
River Science Academy.

2.7.4. Doorway Monitor - A.R. Jones, R.M. MacDonald, A.H. Ohno and W.F.
Richter

After laboratory testing of the new decision circuits and software,
one of the aisles in building 401 has been converted.

Although both the new and old alarms are set to trigger using the
same principle (i.e. an alarm is triggered whenever an increase in counting
rate which exceeds the statistical variation in background is detected), there
are important differences. The new monitor has an enhanced sensitivity when
the source moves close to one of the four detectors and the alarm indication
identifies the affected detector. After detection of a contaminated person
the increase in counting rate in each of four detectors can be separately
displayed with the contaminated person standing still in the monitor.
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2.7.5. Replacement of Mercury Batteries - A.R. Jones, B.A. MacDonald and
W.F. Richter

In earlier types of portable radiation monitoring equipment designed
at CRNL, mercury batteries were used because of their energy density and
constant voltage during discharge. These are being discontinued because of
the waste disposal problem posed by their toxic contents.

Alternative batteries, designed for powering cameras, using silver
oxide or lithium systems, have been tested and found to be suitable
substitutes which are both smaller and cheaper (per hour of operation).
Necessary design changes to the instruments concerned have been made.

2.8. RADIOCHEMICAL ANALYSES

2.8.1. Radium in Urine - J.W. Leon and E.S. Lamothe

Tests of the radium technique, described in the last progress report
(PR-PHS-HS-3, Sec. 2.8.1), are progressing.

2.8.2. Neodymium Fluoride Coprecipitations - E.S. Lamothe, G.H. Kramer, and
J.E. Cheyne

Under G.H. Kramer's supervision, work was done to replace the cerium
fluoride (CeF3) precipitation steps in the gross alpha method currently used
by the bioassay laboratory. Neodymium fluoride (NdF-^) has the potential
advantage of not needing a regular purification step as is currently required
with CeF3.

Recoveries of Th-230, Am-241 and Pu-239 from urine samples are in
the 50% range when NdF^ is used. The traditional method using CeF-̂  gives
recoveries of 65%. CeF3 coprecipitation works well and it is felt that
further work to replace CeF3 by NdF3 is unwarranted at this time. The
bioassay laboratory will continue using CeF3.

2.8.3. Promethium in Urine - E.S. Lamothe and S.E. Gardner

Work has just begun to develop a method to measure promethium in
urine without using multi-solvent extraction steps. Two experimental
protocols under consideration are direct liquid scintillation counting on the
raw urine and co-precipitation of promethium using the normal gross beta
method.
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2.9. HETABOLIC STUDIES

2.9.1. Literature Review to Assess the Vegetable Uptake/Internal Dose
Pathway - E.S. Lamothe and J.R. Johnson

At WWRE's request, we have undertaken a literature review of the
vegetable uptake/internal dose pathway for thorium in order to determine if an
estimate of the dose to man from radioactivity in soil or water can be made
from reported concentrations of thorium in these materials and in people. The
specific goals of this task are to:

(1) Quantify a link parameter as Sv-a~v/Bq g"^ soil
(2) Assess if this parameter can be linearly applied to high nuclide

concentrations
(3) Compare to food-chain dose estimates for the same life style conditions.

A report summarizing our findings is being prepared.

2.9.2. A Modified Cerium Metabolic Model - E.S. Lamothe and J.R. Johnson

The metabolic model presently used by CRNL and by the International
Commission on Radiation Protection (ICRP) for cerium does not allow for any
direct urinary excretion of cerium following an exposure that results in
cerium going to blood. Previously, the National Commission on Radiation
Protection (NCRP) had recommended a different model in order to describe
better the intake and retention of cerium by humans after inhalation or
ingestion. The NCRP model is a re-cycling model and allows for direct
excretion of cerium via urine.

In the metabolic model currently recommended by the ICRP (ICRP 30,
1.979), cerium entering the transfer compartment (blood) is taken up by soft
tissues, liver, spleen and bone surfaces. Cerium is retained in these
tissues/organs for several thousand days and then excreted via urine and
feces. Neither recycling from these tissues/organs to the transfer
compartment for redistribution nor direct urinary excretion of cerium from the
transfer compartment is included in the ICRP model.

In the NCRP cerium model (NCRP 60, 1978), cerium entering the blood
is taken up by soft tissues, liver and bone surfaces where it is retained for
several thousand days and then excreted. Direct urinary excretion of cerium
from blood via urine is included.

The GENMOD metabolic database has been modified to allow direct
excretion of cerium from the transfer compartment via urine. The new and old
parameters and resulting doses per unit intake are given below.
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ICRP Distribution Modified Distribution
Fraction Fraction

Organ/Tissue (Retention Times) (Retention Times)

liver 0.6 (3500 d)
spleen 0.05 (3500 d)
bone surfaces 0.2 (3500 d)
soft tissue 0.15 (3500 d)
urine 0
feces 0

H 5 Q for injection 6.6 E-09 Sv
H 5 0 for acute 2.3 E-09 Sv class W

inhalation 2.5 E-09 Sv class Y

Although the resulting dose due to injection, where all the activity
enters the transfer compartment, differs by 20% from that obtained from the
current ICRP model, it is believed that this revised data better describes the
intake and retention of cerium by humans than had the ICRP-30 data.
Differences in committed doses per Bq intake for an inhalation exposure are
insignificant. However, doses calculated from urinary excretion are orders of
magnitude lower if the revised fractions are used.

2.9.3. Lung Models - J.R. Johnson and G.S. Milencoff

The proposed new ICRP lung model has been tested using various sets
of occupational contamination data. These include data from uranium fuel
fabrication facilities, an Am-241/Pu-239 contamination case, and a Sr-89
contamination case. The flexibility of the model makes it much simpler to use
to evaluate doses from bioassay results following an acute exposure. However,
the model has time dependent fractional clearance rates, and these result in
difficulties in assessing data from chronic exposures. Work on this problem
is continuing.

2.9.4. Uranium Metabolism - J.R. Johnson

Data on animal experiments and human experience with intakes of
uranium in its various chemical and physical forms continues to be collected
and evaluated. These data will be used to evaluate and potentially improve
existing metabolic models for uranium. This work is being carried out in
conjunction with the work on an NCRP Task Group on Uranium.

2.9.5. Uranium Ore Dust - J.R. Johnson, J.W. Leon and J.S. Jackson
(This work is supported by a contract from MacLaren Plansearch Ltd.,
Toronto.)

The biokinetics and acute toxicity of a high grade (44% U by wt)
uranium ore dust is being studied as part of a large study of the long term
toxicity of uranium ores. Thirty mg of this ore has been instilled into the
lungs of young male wister rats. These rats became moribund within a few
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days. The kidneys were examined upon sacrifice at day five post exposure and
gross damage of the kidney structure was observed. Excretion rates over the
first five days and organ burdens at sacrifice of Th-230, Uranium and Ra-226
have been measured. Approximately one half of the ore dust had cleared the
lung after five days. This experiment was repeated using 15 mg of the ore.
The rats exhibited some signs of uranium toxicity (large urine volume, protein
in urine) over the first week but have improved since then. Excretion rates
are being measured, and the rats are being serially sacrificed for organ
burden measurements and histological examination.

2.9.6. Recycling Biokinetic Models - J.R. Johnson and D.W. Dunford

Most biokinetic models used in internal dosimetry do not allow for
recycling of activity between organs after the initial deposition. This lack
of recycling has been criticized as not being realistic, but the effect on
doses calculated from intakes or bioassay results has rarely been assessed.
It was therefore decided to examine this problem by comparing the retention
and excretion of a three compartment non-recycling model (transfer compartment
plus two organ compartments) to the various possible types of recycling models
involving these three compartments. The results indicated that the non-
recycling model only give good agreement for organ retention and excretion
with the mammary recycling model. (However, blood concentrations were not in
agreement,) The non-recycling model could not give results in agreement with
the more complex recycling models. A report on the work has been submitted
for publication.

2.10. EMPLOYEE MONITORING PROGRAM

2.10.1. Distribution of Tritium Exposure at CRNL - E.S. Lamothe

See Tables 2.10.1.1, 2.10.1.2 and 2.10.1.3.

2.10.2. Body Radiation Doses - C.E. Thibeau and R.G. Gallagher

Since the last report (PR-PHS-HS-3) there have been two whole-body
radiation doses exceeding the 600-mrera two-weekly administrative control
limit, three skin doses exceeding the 1600-mrem two-weekly administrative
control limit and two extremity doses exceeding the 4-rem two-weekly
administrative control limit.

Distributions of whole body and skin radiation doses in the third
and fourth quarters of 1987 and for the calendar year 1987 are given in Tables
2.10.2.1 to 2.10.2.6.

2.10.3. Hand Radiation Doses - C.E. Thibeau and R.G. Gallagher

Distributions of extremity radiation doses in the third and fourth
quarters of 1987 and for the calendar year 1987 are given in Tables 2.10.2.5
to 2.10.2.7.
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DISTRIBUTION OF TRITIUM EXPOSURE OF CRNL
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DISTRIBUTION OF TRITIUM EXPOSURE OF CRNL
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NOTES TO ABOVE TABLE:

(1) NUMBERS 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.
(4) SSSC DOES NOT INCLUDE BRANCHES LISTED SEPAFATELY
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DISTRIBUTION OF WHOLE-BODY DOSES AT AECL

3RD QUARTER, 1987
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DISTRIBUTION OF WHOLE-BODY DOSES AT AECL

4TH QUARTER, 1987
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DISTRIBUTION OF WHOLE-BODY DOSES AT AECL

JANUARY 1 - DECEMBER 3 1 , 1987
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DISTRIBUTION OF SKIN DOSES AT ÀECL

3RD QUARTER, 1987
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DISTRIBUTION OF SKIN DOSES AT AECL

4TH QUARTER, 1987
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Table 2.10.2.6

DISTRIBUTION OF SKIN DOSES AT AECL

JANUARY 1 - DECEMBER 31, 1987
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Table 2.10.2.8

DISTRIBUTION OF EXTREMITY DOSES AT AECL

4TH QUARTER, 1987
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* * NUMBER OF MONITORED PERSONS IN GIVEN DOSE RANGES (MREM) *
* ititititiiiiitititisitiiitititititiiitititititititititiiitititititiiititititiiiiitiiititiiitititiiitititititititiiit*

* * 0- 21- 51- 101- 201- 501- 1001- 2001- 3001- 4001- 5001- >10000 NUMBER TOTAL *

* * 20 50 100 200 500 1000 2000 3000 4000 5000 10000 PEOPLE MREM *
itititititititiiititititititiiiiititiiititititititititititititititititiiiiit^
it

* PRC1

* PRC2

* PRC3

* PRC4

* CO

* NRU

* NRX

* RIS

* EIP

* MS

* WEP

* SSSC

* RCC

* WNRE
* OTHR

it

it

it

it

it

it

it

it

it

it

it

it

"k

it

it

it

1
0
1
0
0
1
1
4
1
2
1
5
5
2
1

3
0
1
0
0
2
1
1
2
4
0
1
1
2
1

5
1
0
1
0
3
0
2
2
5
0
0
3
9
5

1
0
0
3
1
8
1
10
1
6
1
0
7
10
1

2
0
0
1
6
22
2
6
3
21
3
1
8
28
1

7
0
0
1
6
8
1
8
1
10
0
3
16
25
1

6
0
0
0
1
10
1
5
0
7
0
0
13
10
0

4
0
0
0
0
5
1
0
0
3
0
0
10
8
0

2
0
0
0
0
3
0
2
0
1
0
0
3
2
0

1
0
0
0
0
1
0
0
0
0
0
0
2
4
0

0
0
0
0
0
3
2
0
0
0
0
0
4
1
0

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

32
1
2
6
14
66
10
38
10
59
5
10
74
103
10

*
36390 *

59 *

27 *

1600 *

7455 *

75541 *

19526 *

22633 *

1800 *

36223 *

1284 *

2044 *

147711 *

117916 *

1639 *
itititititisisititititititititititisititXititititiiititititititititititititititiiititititM

* TOTALS * 25 19 36 50 104 87 53 31 13 8 10 4 440 471848 *
* ft *

* %PERSONS * 5.7 4 .3 8.2 11.4 23.6 19.8 12.0 7.0 3.0 1.8 2 .3 .9 100.0 *
ititi<*i<i<*i<i<it*isitit*isit1tisititit*ititit*i<i<i<i<i<itititititititi<itititititi<*^

to

to



2-30

2.10.4. Bioassay Laboratory - E.S. Lamothe

2.10.4.1. Quality Assurance

The quality control program has shown that the bioassay laboratory
is working satisfactorily and that the methods are performing as expected.

The alpha/beta detector (GS 4000) used for counting passive air
sampler (PAS) samples has been repaired. When P-10 counting gas is
available, it will be determined if the instrument is indeed functioning well.
In the interim, PAS samples are counted with alpha counters.

Problems of peak drift and counting efficiency with the Nal(Tl)
gamma detector were found to be due to poor connections, and poor
reproducability of source-detector geometry. A new detector has been ordered
and counting geometry has been standardized.

The low gas problems with the beta counter were found to be due to a
faulty valve. The valve has since been replaced.

2.10.4.2. Tritium in Urine Intercomparison - E.S. Lamothe

The bioassay laboratory took part in a Tritium in Urine
Intercomparison sponsored by the Bureau of Radiation and Medical Devices in
August. The results indicate that our measurements of tritium in urine are in
good agreement with other laboratories.

2.10.5. In Vivo facility - E.S. Lamothe

2.10.5.1. Data Acquisition System

The Canberra S-40 MCA has been repaired. The In Vivo Facility can
once more perform simultaneous multichannel analyses with various detectors.

2.10.5.2. The Lung Counter

The photomultiplier tube (PM) could no longer be adjusted to match
output.

Two matched PM tubes are being ordered in order to repair the lung
counter. These new tubes will have a solid base, eliminating the flying leads
system that is now in use. This will make changing PM tubes easier and less
time consuming.

2.10.5.3. Quality Assurance

The In Vivo Facility has been performing satisfactorily over this
review period.
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2.10.5.A. Measurement of Low Energy Beta Emitting Radionuclides In Vivo - J.R.
Johnson, E.S. Lamothe and G.H. Kramer

The CRNL phoswich lung monitoring system has been calibrated for the
measurement of C-14, Ni-63 and Pm-147 in the lung. These radionuclides emit
bremsstrahlung, which can be easily measured with low energy photon detectors.
The minimum detectable dose rate to the lung, based on observed background
fluctuations for uncontaminated subjects is 0.93, 8.5, and 0.88 mSv a for
C-14, Ni-63 and Pm-147 respectively. A note describing this work will be
published in Radiation Protection Dosimetry.

2.11. TRAINING

2.11.1. Tritium Safe Handling Course - J.R. Johnson, E.S. Lamothe, R.G.C.
McElroy, R.A. Surette, M.J. Wood and J.W. Leon (CFFTP Sponsored)

Various members of the branch contributed to the CFFTP sponsored
Tritium Safe Handling course, in September. Branch personnel contributed a
lecture on the dosimetry of tritium, a lecture on tritium monitoring, a
laboratory session on tritium dosimetry and a laboratory session on tritium
monitoring.

2.11.2. Radiation Protection Course 1987 - A. Arneja, N.O. Freedman, J.R.
Johnson, E.S. Lamothe, R.G.C. McElroy, A. Ohno, C.E. Thibeau,
M.J. Wood

Short practical presentations were prepared and made to the
participants of CRNL's annual Radiation Protection Course. Displays were set
up and equipment used in radiation dosimetry and radiation detection were
shown and explained. These presentations were well received. However, it was
clear that more time for these presentations would be preferred, both by the
course participants and the people giving the presentations.

In addition, various formal lectures in the course were delivered by
branch personnel as well as their participating in panel discussions.

2.12. PUBLICATIONS AND PRESENTATIONS

2.12.1. Publications

A COMPARISON OF TWO METHODS OF RAPIDLY HEATING THICK TLDs

A.R. Jones
Radiation Protection Dosimetry 17, 307-311 (1987)

A MICRO-COMPUTER CONTROLLED GLOW-CURVE PLOTTER FOR TLD READERS
R.M. Holford, A.R. Jones and W.F. Richter
Radiation Protection Dosimetry r9, No. 2, 117-120 (1987)
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A NEW SOLID STATE BETA DOSIMETER
A.R. Jones and J.M. Sanders
Radiation Protection Dosimetry \J_, 105-109 (1987)

A SIMPLE MENU MANAGER FOR C PROGRAMS
R.G.C. McElroy and R.A. Surette
AECL-9616 (October 1987)

METABOLISM OF TRITIUM UPTAKE DUE TO HANDLING OF METAL SURFACES EXPOSED TO
TRITIATED HYDROGEN GAS
J.R. Johnson and B.F. Peterman
A paper prepared for the Canadian Fusion Fuels Technology Project,
CFFTP-G-87026, AECL-9518 (1987).

TRITIUM-IN-AIR MONITORING - A CANADIAN PERSPECTIVE
R.G.C. McElroy and K.Y. Wong
Nuclear Safety 28, 334-340 (1987)

2.12.2. Reports

BIOLOGICAL HAZARDS AND DOSIMETRY OF TRITIUM
J.R. Johnson and D.K. Myers
Course notes prepared for CFFTP-sponsored Tritium Safe Handling Course,
CRNL-2739-3 (1987).

2.12.3. Lectures, Presentations, Abstracts

A COMPARISON OF EXCRETION AND RETENTION BETWEEN THE CURRENT ICRP LUNG MODEL
AND A PROPOSED NEW MODEL
J.R. Johnson and G.S. Milencoff
Presented at a "Models for Scaling to Man" symposium sponsored by Battelle,
Richland, Washington, 1987 October 20-23.

BIOASSAY TECHNIQUES
E.S. Lamothe
A lecture delivered at the Annual Radiation Protection Course, Chalk River,
September 1987.

DOSIMETRY AND RADIOBIOLOGY OF TRITIUM
J.R. Johnson and D.K. Myers
Presented to the Ontario Hydro 1987 Station Health Physics Conference,
Darlington, 1987 December 1-2.

IN VIVO MONITORING LABORATORY
J.R. Johnson
A lecture delivered at the Annual Radiation Protection Course, Chalk River,
September 1987.
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METABOLISM AND INTERNAL DOSIMETRY OF RADIONUCLIDES
J.R. Johnson
A lecture delivered at the Annual Radiation Protection Course, Chalk River,
September 1987.

OPEN HOUSE 1987
N.O. Freedman, E.S. Lamothe, C.E. Thibeau, and M.J. Wood
Oral presentations, posters and other displays for CRNL's 1987 open house held
in October.

RADIATION DOSIMETRY I & II
R.G.C. McElroy
Two lectures delivered at the Radiation Protection Course, Chalk River,
September 1987.

RADIATION MEASUREMENT
A.R. Jones
A lecture delivered at the Annual Radiation Protection Course, Chalk River,
September 1987.

RADON IN HOMES
J.R. Johnson
A lecture delivered at the Annual Radiation Protection Course, Chalk River,
September 1987.

TRITIUM MONITORING
R.G.C. McElroy
A lecture delivered at the CFFTP sponsored Tritium Safe Handling Course, Chalk
River, September 1987.
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3. ENVIRONMENTAL RESEARCH BRANCH

by

R-V. Osborne
(Edited by W.J. Beattie)

3.1 STAFF

3.2 INTRODUCTION

3.3 ENVIRONMENTAL PROCESSES

3.3.1 ATMOSPHERIC PROCESSES

- Meteorological Measurements for Atmospheric Dispersion Studies
- Tritium Dispersal and Deposition from a Release of HT

3.3.2 UNSATURATED ZONE, GROUNDWATER AND STREAMFLOW INTERACTIONS
- Snowmelt Processes
- Processes in the Unsaturated Zone
- Investigation of Unsaturated Zone Processes using Tritiated

Water
- Chemistry of Snowmelt and Runoff
- Groundwater Recharge Chemistry

3.3.3 FLOW AND CONTAMINANT TRANSPORT IN GROUNDWATER
- The Twin Lake Tracer Test Site
- Geochemical Characterization at the Twin Lakes Tracer Test

Site
- Validation of Conceptual Groundwater Flow and Mass Transport

Mode Is
- Surface Area Measurements
- Microbial Mediation of Radionuclide Transport
- Bacterial Transport in Fractured Rock
- Downhole Column Radiotracer Test Program

3.3.4 LAKE AND RIVER PROCESSES
- Modelling the Dynamics of Co in Perch Lake
- Modelling Nuclide Behaviour in Lakes
- Stable Fe Partitioning in Perch Lake
- Sorption of Nuclides onto Suspended Particles
- Measuring Particulates in Water
- Rate of Metal Accumulation in Groundwater Seepage Zones
- Determination of Seepage Flux from 233 Lake to the Sand

Aquifer
- Comparison of Pb-210 Geochronologies with Volcanic Markers in

Lake Sediments
- Measurement of Groundwater Flow Velocities through Lake

Sediments
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3.4 ENVIRONMENTAL ASSESSMENT - CRITERIA, TECHNIQUES AND IMPLEMENTATION

3 .4 .1 INTRODUCTION

3.4.2 ENVIRONMENTAL DISPERSION MODELLING

- BIOMOVS
- LEGCO
- TRITIUM

3.4.3 ASSESSMENT CRITERIA AND STANDARDS

3.4.4 FIELD STUDIES
- Site Capacity Study for Shallow Land Burial
- Environmental Assessment Cor the Decommissioning of NPD

3.5 ANALYSIS AND MONITORING

3.5.1 INTRODUCTION

3.5.2 INSTRUMENTS, METHODS AND ANALYSIS
- Electronic Instrumentation
- Analytical Quality Assurance
- Analytical Instrumentation
- Continuing Measurement of Ultra-Trace Levels of Thorium and

Uranium in Materials for the Proposed Sudbury Neutrino
Observatory

- Iodine Speciation in Natural Waters
- Determination of Ra in Natural Waters
- Sedimentary Total Organic Carbon (STOC) Analytical Methodology

3.5.3 SITE MONITORING
- Gamma Exposure Rates in Public Areas near CRNL
- Gamma Exposure Rates at CRNL
- Radlonuclides in Precipitation and the Ottawa River
- Radionuclides ia Liquid Effluents
- Radionuclides in Surface Water
- Argon-41 in the CRNL Stack Effluent
- Tritium Migration from the Liquid Dispersal Area
- Tritium in Surface Waters in the Vicinity of CRNL
- Streamflow Measurements on the CRNL Site
- Carbon-14 Releases from Waste Management Area C
- CRNL Climatological Report
- Hydrologic Data at Perch Lake
- Mercury Analysis of Vegetation Samples

3.5.4 MONITORING IN ASSOCIATION WITH OUTSIDE AGENCIES

- Canadian Air and Precipitation Monitoring Network (CAPMON)

3.6 PUBLICATIONS AND PRESENTATIONS

3.6.1 PUBLICATIONS

3.6.2 REPORTS
3.6.3 LECTURES, PRESENTATIONS AND ABSTRACTS
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3.1 STAFF

Branch Manager - R.V. Osborne

Secre ta r ia l Staff - E.O. Sauk
M.S. Wood

S. Commanda

Professional Staff

P . J . Barry
W.J. Beattie
R.M. Brown
D.R. Champ
E.L. Cooper
R.J. Cornett
K.J. Inch
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Killey
Lee
Milton*
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Robertson
Vézina
Wills

Judd6

Mattie
Munch
O'Kane
Risto
Welch
Wildsmith
Workman
Young

P. Durepeau
E.T. McGee

Transferred to Project Management 87 08 07
Attached to IAEA for 1 year as cost free expert 87 09 25
Temporary geochemist 87 11 02
Temporary part-time geochemist 87 10 01
Temporary lab attendant 87 11 02
Retired 87 07 03
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Attached Staff
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T. Lepp
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Trent University (from 87 09 08 to 87 12 18)
Trent University
IAEA Fellow, Institute for Medical Research and
Occupational Health, Yugoslavia (terminated 87 08 21)
KAERI, Korea (terminated 87 07 24)
KAERI, Korea (from 87 12 21)
U of Toronto (terminated 87 12 04)
U of Toronto
BATAN (from 87 08 07 to 87 11 09)
Trent University
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Queen's U (terminated 87 08 21)
U of Ottawa (terminated 87 08 28)
Queen's U (terminated 87 08 28)
U of Regina (terminated 87 08 27)
Mackenzie H.S. (terminated 87 08 28)
Mackenzie H.S. (terminated 87 08 28)
U of Waterloo (terminated 87 08 28)
McMaster U (terminated 87 08 26)
Queen's U (terminated 87 08 28)
U of Western Ontario (terminated
87 08 28)
U of Waterloo (terminated 87 09 11)
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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, Environmental Assessment, and Analysis and
Monitoring. There is considerable interdependence between projects in the
different sections, particularly between the fundamental studies in the first
section and the applied projects in the second, and between both of these and the
analytical and instrumental work described in the last section.

In the Environmental Processes section, the emphasis is on
investigations of the fundamental nature of environmental processes, and
particularly those controlling the movements of air, water, and dissolved and
particulate materials in the environment.

In the Environmental Assessment section the research described is
directly related to estimating or predicting the potential doses to human
populatiors from past, present and projected sources either by the development
and use of models or by monitoring the actual distributions of radionuclides that
.ire already dispersed in the environment. Such work provides the basis for
advice and assistance in defining strategies for the management and disposal of
•ill radioactive wastes. Accordingly, research in this section involves:

developing models to describe the fluxes of radioactivity through
environment 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 of radionuclides in the environment; 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. The results of the Branch's measurements of current releases of
radioactivity from CRNL to the environment are reported, as are the activities of
the Branch in other monitoring programs and in commercial exploitation of the use
of radioactive sources and related technologies in industry, research and
resource development.

The locations of the various research facilities and areas mentioned in
the report and the monitoring points are shown on Figure 3.2. Station 6 is off
the figure in Mountain View subdivision.



3-6

FIGURE 3.2 LOCATION MAP. CHALK RIVER NUCLEAR LABORATORIES PROPERTY
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3.3 ENVIRONMENTAL PROCESSES

3.3.1 ATMOSPHERIC PROCESSES

Meteorological Measurements for Atmospheric Dispersion Studies -

E. Robertson, F.C. Brown, W.J. Beattie

The emergency response meteorological measurement and data acquisition
system has continued to operate without interruption over the last six months;
further upgrading of the lightning protection equipment is in progress.

The emergency response code with real time data was used to estimate
the amount of iodine released from the burning bunker incident in July by back
calculations fro;n the measured amounts of deposition. The observed pattern of
deposition was in good agreement with model predictions.

All attempts to store meteorological data directly on the main
computer, even after reduction to three minute averages, have now been abandoned
due to the more complex log-on system that has been implemented on NOS2.
Components needed to store the data on IBM diskettes are now being assembled.

Several months' data have been manually abstracted from the digistrip
hard copy records to computer files.

Tritium Dispersal and Deposition from a Release of HT - R..M. Brown,
W.J. Workman, S-R. Gentner, Z. Franic, C. Ohno

As described in the last Progress Report, PR-PHS-HS-3, an international
group of scientists from six countries studied the dispersion, oxidation,
deposition, reemission and vegetative uptake of tritium from a controlled
release of 3.5 TBq (95 Ci) of HT conducted on June 10. All visiting scientists
had completed their sampling and left CRNL by the end of June. Soil and
vegetation sampling was continued by CRNL personnel to October. Some
participants took more than 1000 soil or vegetation samples for subsequent
tritium analysis in their own laboratories. CkNL personnel prepared and
analyzed 110 Molecular Sieve traps for HT or HTO sampling and collected and
analyzed 75 soil and vegetation samples. Some analyses are continuing.

A one day meeting of participants was held in Paris in September in
association with a meeting to edit reports of a similar HT experiment held in
France in 1986 October. Preliminary results from the Chalk River experiment
were presented by most participants, but many analyses were incomplete. A two
day meeting was held in Toronto, December 3 and 9, at which all participants
presented first drafts of reports on their results from the CRNL June
experiment. Each group is writing up its own work as a stand-alone report of
common format to be issued by its own institute. A draft overview report will
be prepared by the Canadian group and circulated for comments and additional
Input by the other participants. Individual reports will then be available for
independent distribution and CFFTP will also issue a compendium of them with the
overview report. In this way we will avoid the extensive editorial work
involved in combining in a single report all the results and conclusions of the
numerous participants.
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In general, good correspondence of results was obtained between
different groups when similar measurements were done. Some of the results
follow.

1. HT plume coverage of the sample sites was excellent, although the peak
lateral concentration was about 10° off of the plume centre line indicated by
meteorological measurements. Three Ion chambers In the field showed the plune
to swing extensively during the release. They also showed a spike occurring
about 5 minutes after the end of the release.

2. The centre line HTO/HT ratio was of the order of 1CT close to the source
(5 to 50 m ) , increasing to 10" at 400 m. HTO present in the plume was
primarily due to reemission from the soil, evidenced by continuing HTO levels
after plume passage, and delay in HTO appearing in vegetation.

3. Passive samplers consisting of soil (for HT and HTO) or ethylene glycol (for
HTO) and Pd-MoL. Sieve (for HT and HTO) operated successfully and gave detailed
information on the plume distribution over the whole field. It was possible to
derive longitudinal, lateral and vertical dispersion parameters from these
results and those from active samplers.

4. Reemission of HTO from the soil was greatly reduced by night-time conditions
of heavy dew and daytime rainfall one day after the release. Emission recovered
Ln the morning and after the end of the rain period. Some measurements
indicated the persistence of HT in the area up to 24 hours after the release and
that it showed the same dependence on moisture conditions as the HTO. This
êe:as unlikely and could be caused by retention of HTO in some of the HT

samplers.

— k — 1
5. Deposition velocities in the range 2 to 1.1 x 10 in*s were measured by all
participants. There was no correlation with site location, the nature of the
soil or vegetation, or the moisture content of the soil.

6. Reemission rates for HTO of 2.5 to 15%/hr were observed during the first 24
hours. This quickly reduced to an exponential decline averaging 0.7 to 1.0%/hr
over the subsequent 14 days. There was correspondence between results obtained
from loss of soil HTO and measurements of HTO, H2O and energy fluxes near the
surface-

7. There was insignificant oxidation of HT on the foliage of potted vegetation
the soil of which was sealed from contact with the HT plume. A deposition
velocity of 10 m«s" was estimated.

8. Organic-bound tritium/free water tritium ratios (OBT/HTO) in vegetation
demonstrated the lag in OBT appearance during the first few hours and the
persistence of OBT at later times, (OBT/HTO = 5 to 15 at 2 to 3 months after
exposure).

Abstracts of three oral and one poster presentation have been prepared
by the Canadian group (0HRD, CRNL, CFFTP) for the Third Topical Meeting on
Tritium Technology in Toronto, 1988 May. A further 8 papers on combined results
from the French and Canadian experiments will be presented by other
participants.
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3.3.2 UNSATURATED ZONE, GROUNDWATER AND STREAMFLOW INTERACTIONS

Snowmelt Processes - P.J. Barry, A.G. Price, E. Robertson

Chemical and isotopic analysis of the samples collected during the
snowmelt in Spring 1987 has finally ceased. A relatively small fraction of the
samples have been analyzed for divalent cations, calcium and magnesium, because
of difficulties operating the Atomic Absorption Spectrophotometer.

Assaying the samples for deuterium content proved to be more time
consuming than expected because of problems associated with the mass
spectrometer in the summer months.

Processes in the Unsaturated Zone - A.G. Price, E. Robertson,
P.J. Barry

Measuring the four characteristics for each of 1,144 samples of the
soil cores has at last been completed to obtain a unique compilation of data.
Analysis of this data set is now well underway with a preliminary assessment of
the water contents and bulk densities of the core sections having been
completed. The first step has been to smooth the data and an 8-point mean has
been found to give the best resolution. This level of smoothing reveals a
rhythmic pattern of change both of bulk density and water content which seems to
he an artifact of the coring process itself. This finding is clearly disturbing
for tt casts doubt on the usefulness of one of the best and simplest means
available at present for observing sub-surface characteristics of the soil
nwtrlx.

Investigation of Unsaturated Zone Processes using Tritiated Water -
P.J. Barry, A.G. Price, E. Robertson

A deep (10 m) soil core collected in May at the site where tritiated
water had been injected at the end of 1986 showed no trace of tritium. Shallow
cores were later collected but these too contained no trace of tritium.
Accordingly a second deep core was taken in July. This, like the earlier one,
was cut into 5 cm sections, the tritiated water recovered by azeotropic
distillation with toluene and the water samples counted. Sections between 1.5
and 3.0 m showed elevated levels (up to 5 Bq*crn~ ) compared to background but
still considerably lower than those expected from the size of the initial
injection. The fate of the tracer is still unknown.

Chemistry of Snowmelt and Runoff - E. Robertson, P.J. Barry

Mass balances of the incident fluxes of water and common anions In the
snow and its subsequent melt and runoff have been completed. These show that
water, sulfate and hydrogen ions very nearly balance whereas less than half the
inputs of nitrate appear in the runoff. This result confirms earlier
observations but with a more comprehensive experimental design this past winter
the result is unambiguous. Previous work (AECL-9504) has shown nitrate ion to
be stable during the period of accumulation so that the loss occurs during the
melting process. Since the runoff is measured from a polyethylene lined
lyslraeter the loss is due to processes occurring in the snow and not due to
Interaction with organic matter on the forest floor. Analysis and
Interpretation of the large data set generated in spring continues.
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Ground-water Recharge Chemistry - K.J. Inch

To evaluate the long-term effects of acid precipitation on the
chemistry of groundwater recharge, groundwater was sampled in July and October
from previously monitored multi-level piezometers; one network was installed in
1982 and the other in 1986. The groundwaters have been analyzed to determine
the pH, cation and anion concentrations. The computer program WATEQF was then
used to perform chemical equilibrium calculations on the results and the data
was compiled on floppy disk. The piezometers will continue to be monitored next
spring and summer.

3.3.3 FLOW AND CONTAMINANT TRANSPORT IN GROUNDWATER

The Twin Lake Tracer Test Site - R.W.D. Killey, G.L. Moltyaner,
D.R. ~Champ, J^H. Munch, I.H.K. Cheung, A. Wills, M.L. Benz

Revisions to the set of three papers on earlier studies of contaminant
migration and spreading at the Twin Lake site have been completed and the papers
have been returned to the journal.

Re-activation of the Twin Lake site became a project of considerable
interest as part of our efforts to broaden our base of environmental and
toxicological research. The tracer site offers a setting where the subsurface
transport and degradation of organic contaminants of particular concern can be
studied under controlled field conditions. Such contaminants would include
pesticides and relatively soluble components of petroleum products. Results at
Twin Lake would undoubtedly be somewhat site-specific, but would provide a
benchmark against which one could test various laboratory procedures for
measuring properties and processes of concern. It would also be possible to use
the site for testing procedures to extract contaminants from aquifers or to
destroy them in situ. The Twin Lake tracer site also offers the possibility of
observing contaminant behaviour during discharge to a wetland and a chance to
study behaviour in this highly organic interface.

In 1987 June, we began work to expand the tracer test site to the fulL
240 m subsurface flowpath from the injection well to the groundwater discharge
area. In order to position sampling and monitoring equipment accurately along
the tracer's flowpath, we decided to inject a slug of non-reactive tracer and
extend the existing monitoring grid by drilling 10 to 20 ra ahead of the
advancing tracer. In previous predictions of flowpaths from hydraulic head
measurements, we found that it was not possible to locate flowlines to the 1-2 m
positioning accuracy required here.

The only tracer currently available and guaranteed to be non-reactive
Ls tritiated water. An evaluation of the impact of an injection of water
labelled with 370 GBq of tritium on discharge area and downstream surface waters
(Upper Bass and Maskinonge Lakes) was submitted to and approved by the
Environmental Authority. Tritium handling procedures during the experiment were
approved by the Radiation and Industrial Safety Branch. Following replacement
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of the old Injection well (heavy scale formation on the screen), installation of
additional nearby monitors, and the assembly and testing of the injection
apparatus, 61 m 3 local groundwater labelled with used heavy water to a
concentration of 3780 Bq «mL was injected from 1987 July 14 to July 17 for a
total tritium input of 230 GBq. The injection proceeded smoothly and produced a
slug of labelled water the full thickness of the aquifer and approximately 6 m
in diameter.

Since the injection, tritium distributions in the downgradient aquifer
have been determined by pumping groundwater from the array of multilevel
samplers. These are arranged in lines transecting the plume flowpath, with
boreholes spaced at I m intervals along the transverse lines and multilevel
sampler intakes spaced at 1 m depth intervals in each borehole. For the first
40 m of the tracer flowpath, lines of boreholes are placed at 5 in intervals
along the tracer flowpath; at greater distances, the current spacing between
monitor lines is generally 10 m. Approximately 75 piezometer nests have been
added to the Twin Lake tracer site monitoring grid since July, with the
monitoring array now extending 120 m downgradient of the injection well.

To date, about 8000 groundwater samples have been collected and
analyzed for tritium content, generally at daily intervals. The axis of tracer
movement over the first 40 m downgradient of the injection well was exactly the
same as the path observed in 1983, attesting to the stability of the flow
system. The tracer continued to migrate in a straight line for another 50 m,
but has since swung slightly to the north, in agreement with hydraulic head
patterns in the area. The slug is now leaving the 120 m line of monitors, and
no further sampling will be carried out as it passes under the large dune ridge
(part of which was excavated to install monitors of the 95, 100, and 120 ra
lines). Sampling will resume when the slug reaches the edge of the groundwater
discharge area west of the dune ridge. An access and sampling grid has been
laid out in the swamp; line cutting is underway.

Geochemical Characterization at the Twin Lakes Tracer Test Site -
D.R. Champ, A. Miller

The tracer test site at Twin Lakes is being prepared for a long-term
study on the movement in groundwater of reactive contaminants. To understand
and predict how these contaminants will move through the system, a detailed
picture of the subsurface chemistry as well as biology and physics is
necessary. During the summer of 1987 a preliminary geochemical characterization
of the site was carried out over the first third of the injection to discharge
flowpath (•» 250 m ) .

Geochemical data and samples were collected at several depths from a
grid of multilevel piezometers. The location of the sampling grid is a
relatively homogeneous, sandy aquifer. The results are in agreement with this
fact: the major ion balances are very similar. For cations the system is
between 60 percent and 76 percent calcium and magnesium, with the remaining
percentage being sodium and potassium. The anion balance is largely bicarboaate
- 70 to 80 percent and only 20 to 30 percent sulfate and chloride.
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Various trends exist in the concentrations of some of the ions. Both
Ca and Mg, and to a lesser extent Si, concentrations increase with depth.
Concentrations of Na and K tend to move together and increase with depth
although this trend is also less marked than with Ca and Mg. HCO3"
concentrations also tend to increase with depth as might be expected in a closed
system where the oxidized species are being depleted. However, dissolved oxygen
measurements were very variable and showed large variations between piezometers
and a continual increase as samples were taken from deeper levels. Further
measurements will be required to confirm these observations.

Saturation indices were calculated. From the data it is apparent that
the variation between the various depths at a sample piezometer is small
compared to the differences between wells. The saturation indices for many of
the iron species indicate oversaturation and precipitation.

A more extensive geochemical characterization will be undertaken in
1988 to provide a more complete data set. The geocheraical data will be
evaluated to look for correlations with the ground water flow path determined
from the non-reactive tracer test.

Validation of Conceptual Groundwater Flow and Mass Transport Models -
G.L. Moltyaner, C.A. Wills, J.M. Poisson, I,H.K. Cheung, M.L- Benz and
L. Lewis, S.R. Douglas (Math and Computation Branch)

"A model, by definition, is first of all a convenient way of
representing the total experience which we possess, of then deducing from the
experience whether we are In the presence of pattern and law, and, if so, of
showing how such patterns and laws can be used to predict the future."

Statement of the Problem: The long residence times associated with the
migration of radioactive materials detrimental to the quality of groundwater
preclude the performance of large—scale field tests that are required to
validate predictive contaminant transport models. At CRNL we have been able to
use field observations collected from the existing contaminated sites to assess
the vaLidity of existing models. The major limitation associated with the data
obtained from the observational studies is the scarcity of information on the
source of contamination and plume evolution in time and space. In our research
program, field observations are augmented by data obtained from controlled
experiments. Field-column experiments and relatively large-scale dispersion
experiments are used to decrease the deficiencies in the database obtained from
the observational studies. In addition to the field data obtained from
observational studies and controlled experiments, laboratory experiments are
used to research the phenomena that are not well understood and to scrutinize
the models. With respect to this overall program of predictive model
validation, the present report describes our efforts to provide a
state-of-the-art methodology in validating mathematical models of conservative
contaminant transport in groundwater.
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Validation of Dispersion Process Models: AECL-9520 is one in a series of
reports describing validation studies of "Simulation (Models for Analyzing
Radionuclide ^Transport" (SMART package). This modelling package includes
analytical, semi-analytical and numerical models for simulation of contaminant
transport in the subsurface developed and compiled by the senior author.
Analytical models address the prediction of contaminant transport in homogeneous
idealizations of field conditions. The second level of complexity includes
serai-numerical/semi-analytical combined models which provide a bridge between
analytical and numerical methods of analysis for obtaining quantitative
estimates of the extent of contaminant transport and contaminant fluxes. These
methods which allow for simulation of more complex geometries and boundary
conditions than analytical models, are being developed with help of S.R. Douglas
(Math and Computation Branch).

AECL-9520 also describes one of the available numerical models based on the
Galerkin finite element method. The model is validated against a Conservative
Solute ^Transport (CONSOLT) database being developed using field, laboratory and
theoretical studies performed at the Twin Lake tracer test site (CRNL) (with the
help of L. Lewis, Math and Computation Branch). The database is designed to
evaluate the applicability of the 2-D finite element model for simulating the
dispersion process.

Numerical dispersion is the major problem associated with using a finite element
approximation for solving the advection-dispersion equation with the small
dispersion coefficients observed in field experiments. Numerical dispersion
results from inaccuracies in the interpolation scheme used to extrapolate
:onc:«;ntrat i.on at grid points for the current time step to concentration at grid
points at the next time step. Therefore, time and space steps should be chosen
tfith appropriate care to reduce this problem and to obtain a "reasonable" fit of
the numerical model to in situ measurements.

If outputs of the finite element model can be shown to match in situ
measurements, the quantitative impact of spatial variability in hydraulic
properties on nuclide transport calculations can be evaluated by using
dispersion coefficients determined at the various spatial scales of averaging of
the observed data. These types of calculations are performed as a limited
sensitivity analysis. Due to the limitation concerning the knowledge of initial
conditions and description of the evolution of the contaminant in the immediate
vicinity of the source of contamination, sensitivity analysis with regard to the
source of contamination is also performed using the CONSOLT database. The aim
ot" the performed sensitivity analyses is to achieve a reasonable assurance that
the numerical model and its corresponding code give a good representation of the
naturally occurring dispersion process at the field-scale level.

Objective and Approach to Experimental Studies for Validating Dispersion Process
Models: The approach adopted in our model validation program is based upon the
interconnection between modelling, experiments and observational studies. A
field-oriented experimental program has been established at CRNL with the
objective of evaluating existing models of the dispersion process and providing
the basis for modification or development of new models. This is achieved
through two natural gradient tracer tests. Furthermore, a combination of data
from field observations, field-column experiments, and laboratory experiments on
phenomena and conditions analogous to those of a radioactive waste repository
are used to evaluate existing uodels of retentive mass transport.



3-14

Although the field and laboratory studies are performed within the
property of CRNL, the results of our model validation are of general use. This
follows from the fact that the studied phenomena are analogous to those that may
occur at any toxic waste disposal site and that the experiments in both the
laboratory and field systems are based on the principle of hydrogeochemical
similarity between the experiments and the expected conditions of the toxLc
waste disposal site. There are limitations within field-observation studies in
attaining strict similarity because natural systems have to be considered at the
given conditions. However, by eliminating the site-specific confounding factors
related to the phenomena of interest, the observed results become of general
use. One way of doing this is by comparing the results of observations at
different sites and by performing field-column experiments. Dimensionless
groups, such as the Peclet number which compares convective to dispersive
transport, and the Damkohler number which compares the rate of chemical reaction
with the rate of groundwater flow, can be used to establish the similarity
between the investigated system and the proposed repository site. It should be
noted here that the great advantage of using existing contaminated sites is that
the spatial and temporal scales of the naturally occurring processes may be used
for evaluating the degree of spatial and temporal resolution of the predictive
models.

Analysis and Interpolation of the Ongoing 200-m Tracer Test Data: A detailed
description of the experimental setup and monitoring program is given by Killey
et al. (see Section on Twin Lake Tracer Test Site). The subject of this
discussion is the observed results and their interpretation using local and
integral scale dispersion models.

Breakthrough curves have been constructed at all points of collection
up to 90 ra from the injection well. The initial slug length Xo was estimated
to be 5.2 m from samples taken 5 m downgradient of the injection well (location
5W). At the wells closest to the axis of tracer movements, the breakthrough
curvas were refitted using X,-, = 5.2 m to obtain estimates of tracer velocity
and dispersion. This average velocity gives an estimate of the arrival time of
the centre of mass of the plume at each line of collection.

At distances of 5 and 25 m from the tracer input well, the data were
averaged in the y and z directions to produce plan and cross-sectional averages
of tritium concentration . Using the estimates of the arrival time of the
centre of mass and the velocities calculated from the breakthrough curves, the
averaged data were transformed to spatial coordinates. Interpolation and
two-dimensional moment analysis gives the approximate shape, mass, position and
dispersion of the plume at these times.

Surface Area Measurements - K.J. Inch, R.W.D. Killey

Previous work (Inch and Killey, 1987) has shown that the best predictor
of the capacity of sediments in local groundwater flow systems for sorption of
at least some radionuclides is measurement of BET surface areas. (BET refers to
a standard gas adsorption technique.) Because of the successful use of surface
area measurements for predicting sorption of some radionuclides, we have
embarked on a study of the spatial variability of surface area in CRNL
aquifers. There has been increasing recognition in recent years of the
importance of spatial variability in aquifer properties in controlling the
patterns of groundwater flow and contaminant dispersion and dilution.
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variability in Che sorption behaviour of geologic materials with respect Lo
contaminants of concern may also play a major role in determining their
distribution and movement, and in the design of remedial measures for existing
contaminated aquifers.

The work is currently focussed on sands and silts in the radiostrontium
plume arising from the former Nitrate Decomposition Plant (Killey and Munch,
1987). This allows study and model development in a system where predictions
can be tested against the observed contaminant distribution. To date,
twenty-seven contaminated sand samples have been analyzed for surface area.
Over half of the tested samples were from the interstratified sand and silt unit
of the study aquifer. Good correlations were observed between the extremely
variable in situ Kj's in these samples and their BET surface areas-
Contaminated fine-medium sands have also been analyzed for surface area, and
good correlations between area and in situ Kj's were again observed for
samples with similar contaminant exposure histories. We will now test the data
to establish the best statistical description of the variations in sorption
capabilities of the sediments. Such determinations are needed for stochastic
models of contaminant transport such as SYVAC and COSMOS.

References
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Microbial Mediation of Radionuclide Transport - D.R. Champ, D. Gupta
(University of Toronto)

D. Gupta presented and successfully defended her Master of Applied
Sciences thesis at the University of Toronto. The thesis was based upon our
program to simulate the biogeochemical conditions of the backfill in a high
lev«l waste disposal vault and to evaluate the behaviour of Tc and I in that
environment. The preparation of publications on the work is currently underway.

As a result of this work we concluded that the techniques used can
appropriately simulate the conditions expected in the backfill and facilitate
manipulation of the microbiology. Continuation of the work to investigate I and
Tc behaviour under more reducing conditions will be necessary to obtain data
sets more directly relevant to conditions in the vault following closure. At
present the work has been suspended due to diversion of efforts to other
priorities.



3-L6

Bacterial Transport in Fractured Rock - D.R. Champ, J.L. Young,
J. Schroeter (Kiel University, FRG)

An improved understanding of the potential foe survival and transport
of microorganisms i.s required to improve our ability to predict exposure to
partieulate contaminants or the effects of microbiological activity on the
transport of dissolved inorganic contaminants. Specific interests are the
protection of wells from microbial contamination and the potential impact of
microbes on the transport of radionuclides from a waste repository in
crystalline rock. Scientists from CRNL, the National Hydrology Research
Institute (NHRI) of Environment Canada and the Geological Institute of the
University of Kiel in the Federal Republic of Germany participated in this
study.

The analysis of the results of our experimental program (see AECL-93i>2,
p. 3—14) to assess bacterial transport via groundwater moving through rock
fr.̂ i'iures has bean completed. The results will be presented in February, 1988
at", an International Conference for Water and Wastewater Microbiology. The
potential for transport and survival of bacteria in fractured crystalline rock
jay -issassed in a series of field scale tracer tests at a fractured rock flow
study site on the property of the Chalk River Nuclear Laboratories. The
breakthrough curves for injected Escherichia coli and "non-reactive" particle
tracers were compared with those for conservative inorganic and radioactive
:.r-u:ers. Rapid transport, relative to the conservative tracers, of both
bacteria and non-reactive particles was observed. The first appearance of both
wis with, or slightly before, the conservative tracers for water movement.
Removal of the bacteria and particles by filtration processes occurred and was
qualified through the calculation of filtec factors. The filtration process in
'.his fracture system is similar to that found in a gravel aquifer. From the
•results we can conclude that particulate contaminants can be very rapidly
transported In fracture systems and that continuing sources of contamination
could lead to relatively high local concentrations of particulate contaminants
compared with the average at any given distance from the source. It was also
concluded that the use of traditional conservative tracers, for water movement,
to assess the potential for movement of particulate contaminants could lead to
significant underestimates of exposure to particulate contaminants due to
consumption of water from wells located in fractured media.

Downhole Column Radiotracer Test Program - D.R. Champ, J.L. Young,
J. Jirovec, G.L. Moltyaner, F. Mattie

Prediction of the transport of radionuclides from waste disposal
facilities requires an adequate understanding of the processes affecting the
transport of specific radionuc.lides. An alternative approach to long-term field
tests or short-term laboratory tests for assessing these processes is the
in-situ field column technique described in AECL-8905. Columns constructed from
undisturbed cores of aquifer matrix are placed in a well that is screened at the
depth from which the column sediments were collected. The columns provide a
defined flow system, tracer can be injected from the surface, the porous media
with which the tracer was in contact is fully recoverable for analysis, the
hydrogeochemical conditions of the aquifer can be closely approximated in the
column, and the time needed for the experiment can be selected by controlling
column dimensions.
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The above technique Is currently being used in a program to assess the
processes affecting the transport of radioisotopes with long half-lives in
overburden sediments. The (nost probable situation where contaminants from a
deep bedrock repository pass through unconsolidated sediments would involve
discharge of contaminated groundwater from the bedrock into the base of the
overburden sequence, with subsequent lateral and/or vertical transport to the
biosphera.

The field site is located adjacent to the Ottawa River on the CRNL
property. The Ottawa River is the regional low for this area and therefore the
river or adjacent land ace likely points for discharge of deep waters. The
expeciinent.il facility is located approximately 100 m from the river bank. Test
drilling has shown the following stratigraphic sequence: 8 m of coarse to
medium-coarse sand, 4 BI of cLayey silt, 5 m of very fine sands and silt, 1-2 m
of very fine to fine sands (>at>an grain size of 0.115 mm and a hydraulic
conductivity of .006 cm/s) that are clean and moderately sorted and bedrock at
19 t>. The bottom sands are appropriate for preparation of field columns. One
rnultiLevel piezometer, three open boreholes and one borehole into the bedrock
have been installed. The mineralogy of the sediments is expected to be similar
to that of other sands in the Perch Lake basin, i.e. feldspar (50%), quartz
(30%) plus minor amounts of sericite, mica and hornblende and lesser amounts of
garnet, pyroxene, magnetite, and hematite. The finer fractions contain
approximately hc/. mica and 8% hornblende. Cation exchange capacities are in the
order of 1 meq/100 g. Preliminary analysis of groundwater at the 18 in level has
shown moderately reducing conditions (Eh=70 mV, Fe=0.2 ppm) with a pH of 7.8 and
a bicarbonate alkalinity of 170 ppm; tritium concentrations are approximately
L50 TU compared with the precipitation of approximately 4,000 TU (the
concentration is higher than the mean value for precipitation in the area
due to the influence of the reactors on site).

Field columns have been prepared from 15 cm sections of core fitted on
both ends with porous polyethylene screens and linear endcaps. The intake of
the column is fitted with a 3-way Omnifit teflon valve to accommodate a water
intake line from the well and a line to surface for tracer injection or bypass
•sampling of the well waters; 1.0 ran ID polyethylene or teflon tubing is used
throughout. Both the influent and effluent lines are encased in Tygon tubing to
r.he surface where it enters a plexiglass junction box. A continuous flow of
well water is maintained in the encasing Tygon tubing and through the junction
box to minimize gaseous diffusion into the groundwaters and thus ensure minimal
alteration of the system chemistry.

The pumps and experimental apparatus are housed in a trailer placed
ovar the well to facilitate year round operation. The site is powered by a 4 kW

eneratoc with backup.diesel generator with backup.

If one takes into account the likely transit times for any
radi.onuclides released from a nuclear fuel waste disposal vault, then only
radionuclides with long half-lives and significant initial inventories are
likely to warrant study in all environmental compartments. These radionuclides
have been identified as the actinides (thorium, protactinium, uranium,
neptunium, plutonium, americium and curium), isotopes of radium, plus iron and
technetium. We propose to assess the behaviour of a subset of these
radLonuclides; namely, neptunium, plutonium, americium, iodine and technetiuru.
Iodine and technetium were chosen on the basis of their long half-lives and the
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apparent lack of retardation in groundwater Clow systems; processes which could
retard their transport would significantly affect dose assessments. Three of
the actinides were chosen to provide a representative spectrum of behaviour of
this class of elements. The available data suggest that neptunium will be
relatively weakly retarded compared with Pu and Am. Our previous laboratory
data, and some other literature data, show that although Pu and Am are both
generally strongly retarded, in some conditions these elements may be
transported as particulates or colloids and pseudocolloids and they may differ
Ln the extent to which these processes may be important. Tritium will also be
run on each column to test for column performance. A reference reactive tracer,
Sr-85, will also be introduced into some of the columns.

3.3.4 LAKE AND RIVER PROCESSES

Modelling the Dynamics of Co in Perch Lake - A.F. Ve'zina,
R.J. Cornett

The residence time of 60Co added to limnocorrals set in Perch Lake in
summer is several fold shorter than the residence time calculated from the
long-term record of Co contamination of Perch Lake. It was hypothesized that
a kinetic model that distinguishes between diffusive and advective transport of
radionuclides to the sediment-water interface would resolve this discrepancy.
This model was fitted to the data from the limnocorral additions and then used
to simulate the temporal variation in the concentration of Co in the outlet of
Perch T̂ ake over the period 1970-1983. The model could not reproduce the winter
peaks in Co concentration in the outflow. Several possible explanations for
the observed seasonal effect were simulated. Incomplete mixing of Perch Lake
under ice cover (Barry and Jay, 1975) emerged as the most likely explanation.
The model with partial winter mixing gave the closest prediction of the sediment
Wurden measured in L982. Seasonal variations in the hydrological properties of
small lakes may be important in controlling the transport of radionuclides
through lakes.

Modelling Nuclide Behaviour in Lakes - A.F. Ve'zina, R.J. Cornett

A suite of observations that could not be explained by equilibrium Kd
models of sediraent-water partitioning of radionuclides in surface waters
motivated the development of a kinetic model of sediment-water interactions.
The model includes a kinetic description of nuclide-particle interactions and
distinguishes explicitly between diffusive and advective transports across the
sediment-water interface. The model was tested against the short-term
observations of sediment-water exchanges of radionuclides added to litnnocorrals
set in Perch Lake in June-July 1986. Initially, all particles in the overlying
water were treated as a single compartment even though differences in the
radioactivity of suspended and sinking particles were observed. Explanations of
those differences that preserved the homogeneity of the particulate pool were
rejected as they could not account for the effect of particulate additions in
some of the limnocorrals on nuclide removal and distribution. A model that
distinguishes suspended particles with long residence times in the water colunn
(approximately 30-100 d) from sinking particles with comparatively short
residence times (approximately 2-4 d) was necessary to model nuclide dynamics
across experimental manipulations in the limnocorrals. It was also necessary to
postulate that the suspended particles adsorb considerably more radioactivity
per unit nass than the sinking particles. The modelling analysis of the 1986
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experiments suggest that it is inappropriate to average the characteristics of
particle-nuclide interactions and particle removal across the whole particulate
spectrum. The results of limnocorral experiments and tests of possible
methodological biases performed during the summer of 1987 will be used to
evaluate this conclusion.

Stable Fe Partitioning in Perch Lake - A.F. Ve"zina, R.J. Cornett,
A. Selkirk, L. Chant

Stable iron concentrations have been measured in samples of the water,
the suspended and sinking particles, and the sediments collected from
limnocorrals set in Perch Lake during June-July 1986. The limnocorral
experiments were designed to observe and model the short-term transfer of a
number of radionuclides between water and sediments. Fe was one of the
nuclldes added to the experimental systems and its partitioning indicated the
short-term kinetics for iron. Stable Fe partitioning, on the other hand,
reflects the dynamics of Fe over very long time scales since stable Fe has been
input to the lake for " 8000 years by natural processes. Thus, the Fe
concentration data were intended to test the long range predictions of surface
water transport models developed on the basis of short-term observations.

The Fe measurements revealed some unexpected differences in the
concentrations of Fe on different types of particles: there was an order of
magnitude (expressed as p.g Fe per gram particle dry weight) less Fe on bottom
sediment particles than on the particles collected in the overlying water.
Furthermore, the Fe concentration on sinking particles was approximately half
that measured on particles suspended in the open water. These differences
cannot be explained by equilibrium Kd models nor by kinetic models that treat
particles in the water as a homogeneous compartment. They can be explained by a
kinetic model that distinguishes suspended particles with long residence times
Ln the water column (approximately 30-100 d) from sinking particles with
comparatively short residence times (approximately 2-4 d ) . This model predicted
the observed partitioning of Fe between water and sediments to within a factor
r> f 3, improving by more than one order of magnitude on the predictions of models
f.hat assume a homogeneous particulate compartment. These analyses suggest that
models of radionuclide transport in surface waters must consider the
heterogeneity in particle behaviour. The success of the two particle
compartment model in predicting the•partitioning of stable Fe is encouraging for
prospects of long range prediction of nuclide behaviour in surface waters.

Sorption of Nuclides onto Suspended Particles - R.J. Cornett,
A.F. VSzina, N. Hopkins, T. Lepp

Simulations of nuclide behaviour in surface waters suggested to us that
the sorption of nuclides onto particles resuspended from the lake bottom result
in a significant flux of nuclide between the bottom sediments and the overlying
water. To test the results of the simulations, an experiment was designed to
measure the distribution of nuclides on particles and to manipulate the flux of
particles and isotopes between lake water and sediments.
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Isotopes were added to the water and sediments in four experimental
enclosures placed in Perch Lake. In two enclosures the flux of resuspended
particles was eliminated by closing the bottom of the enclosures and excluding
the bottom .sediments. Labelled sediment particles and plastic microspheres were
added to two control enclosures that were open to the sediments.

The isotopes added to the closed and open enclosures and the particles
In the enclosures behaved very differently. Isotopes added to the water in the
closed systems were resident in the water for longer than those in the open
systems. The particle concentrations measured in the closed systems declined
rapidly since the flux of resuspended particles was eliminated by the
manipulations. The behaviour of the isotopes added initially to the bottom
sediments was complicated by rapid desorption of the nuclides from the matrix.
However throughout the experiments none of. the radiolabelled microspheres were
detected in the water. This suggests to us that either the process of
resuspenstoa selected against the particles added experimentally or resuspension
was so slow that we were unable to measure the quantity of activity transferred
on the particles. The second hypothesis will be tested more rigorously by
simulating the results of these experiments vising the model mentioned in the
previous section.

Measuring Particulates in Water - L. Chant, R.J. Cornett, A.F. Vezina

To make accurate measurements of the fluxes of nuclides in lake-water
studies, precise measurements of the concentrations of particles in the water
nre needed. Traditionally this has been achieved by filtering water through
I: Liters of various pore sizes and weighing the material trapped on the filter.
Since a large part of the nucltde flux occurs when nuclides are adsorbed onto
these particles, it is also important to measure the amount of nuclides on these
part ides.

Problems encountered in making these measurements have been studied,
inaccuracies occur because of the difficulties of weighing very small amounts on
Mie filters. Problems with filters clogging prevent the use of large volumes oi
water to increase the weights on the filters. It was found that glass fibre
type \xLi .45 p. filters clog less but do not trap as many particles as nucleopor--
0.4 i filters. The addition of humic acids to some experiments was found to
increase clogging of filters and to increase the weight on the filters.
Adjustments to the data from previous experiments need to be made to account for
these differences.

It is also necessary to know if the filters directly adsorb any of the
nucllde still in solution. A system of 2 filters separated by a nytex screen
during each filtration was developed. The first filter will trap the particles
and is used to measure particulate concentrations In the water and the amounts
of nuclides adsorbed by the particles and the filter. The second filter Is used
as a control to measure how much nucllde is adsorbed by the filter alone. This
"blank" value can then be subtracted from the first filter. It was found that
this second filter provides an accurate control in each filtration.

In general, the amounts of radionucltdes adsorbed directly on the
filters, whether nucleopore or glass fibre, are negligible. However, a
correction for direct adsorption Is important In the case of some elements
(e.g. Cs, Ra, Ba) which have low particle reactivities.
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Rate of Metal Accumulation In Groundwater Seepage Zones - D.R. Lee,
A. Kinney

At the discharge end of groundwater flow systems there is often a
visible buildup of iron oxyhydroxide. This is particularly evident where
discharge is onto a subaerial seepage face, but it also occurs in submerged
discharge zones. This accumulation can be greatly enhanced where degradable
organic matter is present along the groundwater flow path. Obviously
degradation of organic matter reduces the oxidation state of the water and
promotes the release of iron (e~+Fe'l~++->Fe"H') from oxide coatings on geologic
media. When this water encounters highly oxidizing air or surface water, the
metal oxides re-form and sometimes accumulate in situ. Because many metallic
radionuclides are known to sorb with iron oxides, accumulation may be
significant f""ora the view of waste management and dose.

The degree of iron accumulation resulting from changing redox
conditions in a saudy groundwater discharge zone was observed in-situ with
silica sand. Although further investigation is required, preliminary results
indicate that thtd redox front at the sediment-water interface in a groundwater
discharge zone is a significant retardant to transition metals.

Determination of Seepage Flux from 233 Lake to the Sand Aquifer -
D.R. Lee, G. Moltyaner, S.J. Welch

In the spring of 1987, a sampling grid was established on Lake 233 to
determine rates and spatial distribution of groundwater recharge. Initially,
seepage was measured at 50 m spacings, but as the lake area diminished due to
infiltration and evaporation, downward seepage was measured on the grid at 25 m
sp-iclngs within the remaining wet areas of the grid. By August the only water
Left in the lake was pocketed in a small pond located at the northwest corner of
thi* lake. Seepage was measured 158 times at 62 seepage meter locations.
Concurrent with these measurements, hydraulic potentials were monitored using
small piezometers installed 0.5 - 1.5 m below the lakebed. The measured seepage
fluxes ranged from less than 0.00L to 0.117 m^s"1 and the calculated hydraulic
conductivities ranged from 2.88 x 10~ to 6.54 x 10" cm«s~ .

Measurements of lake levels at six points were taken weekly. A
Stevens water level recorder was located on the northwest corner of Lake 233.
This allowed continuous water level monitoring from April until the end of
August when the water level declined. Multilevel piezometers C-160 to C-162
were situated within the wetted perimeter of the lake, parallel to the long axis
of the lake and piezometers #1 to #3 were located perpendicular to the long
axis. Water samples were collected weekly adjacent to piezometers #1 to #3 to
monitor trends in electrical conductance with time. These data will be used
later to calculate the approximate fractions of the lake volume lost to
infiltration and evaporation. An independent measure of infiltration will be
made from estimates in vertical permeability across the lakebed and measurements
of lake levels and lake surface area during the study period.

If there is expansion in the wetted surface area of this emphemeral
lake daring autumn, additional seepage measurements will be made.
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Comparison of Pb-210 Geochronologies with Volcanic Markers in Lake
Sediments - R.J. Cornett, A. Risto, M. Ouellet (INKS EAU Quebec,
Quebec)

Lead-210 concentrations in lake sedinie.it cores can be used to dacj a
core's stratigraphy and to determine the chronology of events recorded in the
like bottom sediments. Since the development of this technique several
different methods of calculating the age-depth relation have been proposed. It
is difficult to compare the different methods without the presence of an
independent marker of known age within the sediment chronology. One potential,
marker is the ash and tephra discharged during a volcanic eruption.

The Taravera volcano erupted on the North Island in New .'tealand in
Tune LB8b. Tephra and ash emitted fro.a the eruption were deposited in the liico

providing a visually and chemically distinct marker located 6-15 cm
below the sediment water interface. We have used the Pb datin- technique to
construct the geochronology of two cores from Lake Rototna so that the known a&e
of the ash layer can be compared with che calculated age. The absolute age anri
I'm calculated age are in good agreement providing an excellent test oE the

?b technique.

Measurement of Groundwater Flow Velocities through Lake Sediments -
R.J. Cornett, B*. Risto

Locations of groundwater discharge through lake sediments can be
ide itified by a nu;nber of techniques provided that flow rates are high- However
measuring low flow velocities (e.g. < 100 era »a~ ) and measuring flow rates in
soft unconsol idated sediments has proven very difficult or impossible. Since
d is.?harging groundwaters can change the shape of chemical gradients and chan;,?.
chemical fluxes it would be useful to estimate the rate of groundwater flows.

We hav« developed a technique to estimate flow velocities that are of
the same rate as molecular diffusion. Our technique uses a measurement of Mie
••iepth-gradLent In concentration of a tracer that is not particle reactive. Two
useful tracers are H and Cl. In lakes on CRNL property, gradients In tracer
concentrations are caused by stream inputs of ii from waste management areas and
Cl firou road salts. Since these tracers are not present in the groundwater, a
concentration gradient exists in the bottom sediments where surface waters and
groundwaters mix. The groundwater velocity can be calculated by fitting a one
dimensional advection diffusion model to the measured concentration vs depth
profile.

Simulations of H profiles measured in the sediments of Perch Lake show
regions where diffusion Is the only process operating and other regions where
groundwater Is flowing up into the lake.

Sensitivity analysts of the different profiles suggests to us that flow
velocities into the lake of _< 10 cm«a will be measurable. These velocities
are far lower than can be estimated by any other technique. We hope that
Further tests planned during the next year will demonstrate the utility of this
new research tool.
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3.4 ENVIRONMENTAL ASSESSMENT - CRITERIA, TECHNIQUES AND IMPLEMENTATION

3.4.1 INTRODUCTION

Environmental assessment requires a model of transport processes
linking a source emitted as a result of a given operation and some measure of
the impact on a sensitive receptor, usually in the form of a dose. The Branch
is devoting a greater proportion of its resources than previously to the
development of these models. The magnitude of that dose will be one of several
factors which may have to be considered when the acceptability of the given
operation Is to be judged. Since different factors and different aspects of the
form of the calculated doses require different modelling strategies, it is
necessary to specify model output. To use the models it is necessary to
identify and quantify the transport processes of importance for a specified
operation and site and to be able to measure the parameters used in the
transport equations- Many of the field techniques and methods to obtain this
information In a Form that can be used remain to be developed. For a waste
repository in a consolidated geologic formation (geosphere) a key step for the
modelling is the linkage between the consolidated formation and those parts of
the biosphere most readily accessible to humans. The receiving body in the
biosphere may be water in a lake or river or groundwater in an unconsolidated
geologic formation. This is a relatively new field of enquiry and little is
knowi about this linkage. Methods for both finding where such a linkage occurs
in practice and observing what happens are unknown.

3.4.2 ENVIRONMENTAL DISPERSION MODELLING

BIOMOVS - S-R. Gentner, P.J. Barry

Originally for the Chernobyl (A4) scenario, two codes were written, one
for Lodine-131 (CHERBIS) and one for cesium-137 (CHERBCS); each was specific
both to the radi.onuclide and to the scenario. These two codes have now been
co:i]!.>Lned as the first vstep in the creation of a flexible, generalized code for
••nodi'l Hig any radionuclide from air through the food chain to taan. This newly
.•synthesized <:ode will be called CHERPAC (Chalk River Environmental Research
_?athv»ays Analysis _Code). A decay function has been added to allow for long-tern
modelling. In the process of checking the new code, an error in CHERBCS was
discovered and corrected.

Niw submissions for iodine, and cesium were made to BIOMOVS based on
revisions In observed air concentrations and other input.

A version of CHERBCS modified for I was used to compare steady-state
doses to infants from milk, leafy vegetables and fruits and non-leafy vegetables
with dose estimates based on the CSA Standard N288.1 (unpublished) for the
technical memorandum (PH-ER-3) on the environmental effects of the bunker ftro
on 1937 July 06.
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Our iodine predictions for the Chernobyl scenario were compared wlr;h
observed values for concentrations of iodine on pasture (Bq «kg~ ) and in milk
(Bq *L ) from 13 locations in the northern hemisphere as well as with the
predictions of 22 other models. CHERPAC performed competitively: the
predicted/observed ratios for pasture and milk were 1.08 and 6.08 (geometric
means) respectively- These can be compared to ranges of P/0 ratios (geo. means)
of 0.14-4.49 for pasture and 0.48-26.34 for milk. At the BIOMOVS Grand Canyon
meeting (November 30 - December 4) reasons for discrepancies between observed
values and predictions were discussed. Explanations ranged from 2-3 fold error-;
in data collecting to lack of knowledge of the mechanisms of deposition (wet and
dry) and transfer from pasture to milk. CHERPAC is notable for its extremely
low dry deposition velocities which means that in areas of no or very low
rainfall, the total deposition is underestimated.

In addition to Scenario A4, we submitted steady-state (30 a) results
131 13 7

for Scenario Bl tor I and Cs concentrations in pasture and milk for
comparison with the Chernobyl results.

We will participate in a new scenario (A5), "Chernobyl Lake - huclide
Turnover within a Lake Ecosystem". It will model the concentrations of Cs
and » Ru in lake water, sediments and edible fish as a function of time.

A code for statistical uncertainty analysis was written around the
original iodine code. Sensitivity analyses were run to determine which
parameter ranges have the most effect on the model predictions. The effective
removal constant from vegetation due to washoff, decay and growth and the area
grazed dally by the cow have the most effect on the model. Now that the
uncsirtalnty analysis has been shown to work, it will be incorporated into
CHERPAC as a subroutine.

LEGGO - S-R. Centner, P.J. Barry

Work has begun to convert the lake ecosystem model developed with LEGGO
to a Fortran code so that it may be of more general use.

TRITIUM - S-R. Gentner, R.M. Brown

Tritium (HTO) release data for Buildings 163, 250, 210, 468 and 150
have been entered In the STACDX file so that records are complete from
1980 January 02 to 1987 November 18.

3.4.3 ASSESSMENT CRITERIA AND STANDARDS - R.V. Osborne

Following the Chernobyl reactor incident late in April 1986, a watching
brief has been maintained on the radionucllde distributions, radiation exposures
and counter-measures adopted over the globe as such Information becomes
available. In company with the vast majority of other national nuclear agencies
we shall be participating in appraisals of scientific Information that can be
gained from the observed dispersion of activity and in reviews of the
appropriateness and effectiveness of criteria used for turning on various
counter-measures.
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3.4.4 FIELD STUDIES

Site Capacity Study for Shallow Land Burial - K.J. Inch, R.W.D. Killey,
J.H. Munch

Field and laboratory work on the preliminary site selection program are
now complete, and a report documenting the results is being revised.

Subsurface assessments at four locations were based on soil sampling
and testing and groundwator monitoring and sampling augmented with ground
probing radar. A preferred site has been identified for the Waste Management
1>chnolo^y Division (WMTD). It is located west of Lake 233 and north of the
NLtrats PLa.if: and is a continuation of the Area C sand dune.

Environingntal Assessment for the Decommissioning of NPD -
R.W.D. KiTley, A.E. Docherty*

Th-u Environmental Research Branch has been approached by CANDU
OpeCHttons and Ontario Hydro to develop an environmental assessment program In i':
will mnet Atomic Energy Control Board (AECh) rsquirements for licensing the
shutdown of the T.uoleac Power Demonstration reactor, with only security staff on
site while the calandria and other large, radioactive components are left in
place in extended storage to aLlow decay of internal radioactivity. Fuel and
heavy water have already been removed from the reactor. Work to devolop an
assessment program has began.

3.5 ANALYSIS AND MONITORING

3.5.1 INTRODUCTION

The Branch provides a broad range of routine analytical and monitoring
services in support of other programs a) within the Branch, b) wi.th Branch
collaborations in external agencies, and c) for other programs within CRNL.
The methods, techniques and facilities in us.3 are continually being developed
an.l expanded to meet changing demands.

3.5.2 INSTRUMENTS, METHODS AND ANALYSIS

Electronic Instrumentation - W.J. Beattie

Work is underway on five projects - a multi-channel analyzer system
based on the STD bus for soil moisture and fluid flow measurements, a miniature
radloteleraetry system for the measurement and recording of water level and flow
data from observation wells and stream gauging stations, a breadboard
microprocessor development system for the STD bus, a PC/XT compatible
development system for the STD bus and a PC/XT compatible system for storing
meteorological data from Perch Lake.

The STD bus is a standardized interconnection scheme for modular
microprocessor systems. The modules consist of printed circuit boards, each
with a fifty-six pin edge connector. The system itself is built around a
standard bused motherboard which allows any module to work in any slot. The STD
bus has been adopted within the Branch for small scale data acquisition and
experimental contol systems because it is widely supported both on and off site-
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Multi-channel analyzer system: A multi-channel analyzer based on the STD bus is
under development. A spectrum stabilizer circuit has been added to compensate
for drift due to temperature changes. The spectrum stabilizer circuit board has
been fabricated, tested and found to operate satisfactorily. The analyzer
system has been configured for soil moisture measurement. Completion of the
software has been delayed due to a delay in delivery of components for the probe
and source holders by WE&P Branch.

Miniature radiotelemetry system: Radiotelemetry is a cost effective means of
collecting information from a number of points over a wide area and is generally
less eKpensive than cables where distances between sensors and recorders exceed
400 in. A system employing very small transmitters (initially developed for
animal tracking) is being developed, with the initial application being
measurement and recording of water level from observation wells. Pressure
transducers will be used to measure the water level; a circuit board to convert
the pressure transducer 0-10 V output to a pulse train has been fabricated and
tested. A microprocessor-based time interval measuring system for the receiver
has been fabricated and testing continues. The time interval measuring system
will be used to measure the time interval between received pulses and thus
determine the pressure transducer output (water level). Components for the
transmitter housings have been fabricated and assembly is underway. Testing of
(:he system at the site has been delayed due to an intermittent fault in the
radio receiver; repairs are being undertaken by EI&P Branch.

Breadboard system for the STD bus: The system has been designed and fabricated;
the report is in progress. The breadboard system is to be used for developing
prototype circuitry which will eventually be mounted on STD bus boards. The
system provides a means for connecting the prototype circuit to STD bus signals.

PC/XT compatible development system for the STD bus: Fabrication of the system
is currently underway. This system combines the software capabilities of the XT
compatible personal computers with the wide range of circuit boards available
for the STD bus. Future uses include development of XT compatible
multi.ple-channel analyzers utilizing circuit boards that have already been
designed for the flow-measurement computer, data acquisition systems for
existing liquid scintillation counters and other analytical instruments.

PC/XT compatible system for storing meteorological data from Perch Lake: Dita
from Perch Lake is currently read by a CP/M based system which computes averages
of all observations and standard deviations of wind observations Oor three
min.ite periods and then outputs the results to a video terminal. The PC/XT
compatible system will perform a similar function but will also store the
results on floppy disks for subsequent transmission to the Mainframe every
week. Components have been ordered and a battery-backed power supply lias been
designed to alleviate the problems associated with electrical noise on the power
Unas in Building 513.

Analytical Quality Assurance - P.C. Jay

Participation in intarlaboratory comparison studies as a means of
ensuring the quality of our analytical methods has been continued. Samples from
L16 study have been analyzed and the results reported to the Natural Waste
Research Institute, Burlington, Ontario for comparison with the other
participating labs.
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Analytical Instrumentation - P.C. Jay

Analytical work is continuing in conjunction with the study on
infil.trati.on processes and snowmelt which characterizes the spatial variability
of concentrations and water equivalent in snow cores and spring raeltwater. More
than 2000 samples from snowmelt, soil cores, lined and unlined plots and
multi-level samplers were analyzed for major anions, pH and monovalent cations.

An anioa micro-membrane suppressor column has been installed into our
Dionex system. This new type of suppressor provides high capacity suppression
capability while adding a minimum of dead volume to the analytical system. Its
abiLity to provide continuous suppression of traditional eluants, as well as
concentrated eluants, significantly expands the capabilities of ion
chromatography.

A new sampler (Model ASM-2) was installed into our system whereby the
analyses of samples for anions and cations could be done simultaneously. In
this type of sampler, the sampling head consists of a motor-driven shaft which
moves down to engage the top of the vial cap. As the shaft moves downward, the
cap is gradually pushed into the vial, forcing the liquid through the cap and
Lrito the tubing connecting the sampler to the injection valve.

It was found that this sampler is not suitable for our purposes because
a "carry-over" from one sample to the next occurred where the peaks of one
sample would show up in the chromatograms of the following samples often causing
erroneous results. Relative Standard Deviations (RSD's) obtained using each
sampler show that the older model (model SHLR) which uses a pump to inject
samples, yielded much better results.

ament Used

r - model
- model

SHLR
ASM-2

Percent RSO

Sodium

5.43
22.86

Ammonium

1.98
25.75

Potassium

1.66
30.08

The ASM-2 sampler is being returned to Dionex for refund or credit and
a sampler similar to the Model SHLR is being ordered from a Canadian
distributor.

Continuing Measurement of Ultra-Trace Levels of Thorium and Uranium in
Materials for the Proposed Sudbury Neutrino Observatory - G.M. Milton
(in conjunction with E.D. Earle and R.J.E. Deal, Neutron and Solid
State Physics Branch)

Plated sources, derived from the evaporated residues of 30 mL samples
•if ultrapure nitric acid obtained from a number of suppliers, have been checked
for contributions to the alpha spectrum background in the regions of interest
for thorium and uranium isotopes.
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The lowest background observed to date in the Th-228 energy range has
resulted from the reduction In Teflon of Class 100 nitric acid supplied by
Seastar Chemicals, Vancouver, B.C. (1 count In 14,000 min, or approx.
0.00059 dpm, permitting the identification of as little as 0.25 ppt Th-232 in a
10 kg sample of acrylic). No significant differences In background activity in
the energy regions of Th-232 and U-238 were observed between differing samples
of acid or reduction vessels used.

The ash resulting from the ignition of a laser-cut acrylic sample has
been treated with this low background acid, and counting of a source prepared
From the soluble portion of the residue has identified as much as
3 x 10~ 1 2 g«g~l T h 2 3 2 In this material. This value is in line with 2 mass
spectroraetrlc measurements of 6 x 10" " g*g Th in the same acrylic.

Iodine Speciation in Matural Waters - G.M. Hilton

The pJI-Eh stability diagram for iodine Indicates that this element may
exist in natural waters as I~, I2, I3~> 103", as well as complexed and/or
non-ionic forms of some or all of these species (1). In acid solution iodate is
known to oxidize iodide to iodine; however at the pH of most natural waters this
reaction is not expected to occur. In the open oceans 103" is the favoured
equilibrium state, with iodide concentrations at a maximum at the sea surface.
Organic matter In fresh water appears to bind iodide; the final form is in some
doubt, but Behrens (2) has postulated the incorporation of 12 into an organic
compound as a result of microbially mediated enzymatic oxidation.

lii order to study this spec LatIon in local waters, trace quantities of
' 'I 'la^; bo«a added to small samples of Perch Lake water (organic carbon
conL-jut •* 10 nig *L~ ). After several weeks ~ 10 mg of stable iodide was added to
triune solutions, and the iodide was then separated and purified by standard
techniques (uptake on Oowex 1, elution with 5% NaOCl and solvent extraction into
CCl^)- When it was realized that the measured recoveries of radiotracer
averaged 2r>£ lower than those for stable iodide, a second group of samples was
pre-treated by raising the pH to » 10 for > one hour prior to separation.
Insertion of this hydrolysis step resulted in agreement between recoveries for
•stable and radioiodlne, indicating inadequate exchange in the first set of
samples. Further testing identified that an amount of I roughly equivalent
to the difference in measured recoveries (I03"" fraction, if present) for
untreated samples was present in a 2 M NaCl column wash which preceded I~
elution. Those results are summarized below.

Sample

I

2

Treatment

without OH~
pre-treatment
with 0H~
pre-treatment

2 M NaCl

25%

Recoveries
5% NaOCl

12b,

45.3%

82.3%

Stable I

68.7%

85.5%

Subsequent tests have been performed by centrifuging batch resin,
rather than by column separations, to reduce potential filtration effects.
Under conditions similar to the first set of separations, and omitting the
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hydrolysis step, « 30% of the radiotracer was recovered in the first
supernatant. No activity had been present in previous analogous column eluites,
suggesting that the cesin bed had indeed been acting as a filter for organics in
solution. Less than 5% was present In an H2P wash of the resin, but anotuer 30£
was removed with 2 M NaCL. Subsequent recovery of the remaining activity (as
I") from the resin with 5% NaOCl was essentially quantitative.

The following points arise from these results:

1) The presence of 0H~ ions appears to initiate rapid exchange between
radiotracer and stable I"; if hydrolysis is initiating breakdown of a
molecule in whir.li the tracer is bound as 12> then rapid reduction must
follow this step.

2) Batch results have indicated a much higher percentage of non-iodide forms
of radlotracer present than did the column separations (>60%); continuing
discrepancies between this work and that of Behrens (80%) may indicate that
some organic matter is still adhering to resin particles.

3) It appears that at least 30% of the transformed species are of an anionic
form (Behrens made a similar observation), and >30% are of a non-ionic
character. However further work is required to quantify these forms more
precisely.
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Determination of 2:j6Ra in .'neural Waters - J.F. Mattie, R.M. Brown

Radium analysis of 50 grouadwater samples has been completed for
Ontario Hydro Research Division by liquid scintillation counting of Tin grown
into Ra copre. \ itated onto BaSO^. The procedure was described in the last
Progress Report, PR-PHS-HS-3.

Sedimentary Total Organic Carbon (STOC) Analytical Methodology -
J.L. Young, D.R. Champ

STOC determinations are performed in the ERB on a routine basis both
i:oc branch research projects and on a limited basis as a commercial service.
Several analytical protocols are in use for STOC and we recently had an
opportunity to compare our methodology with those of another institution. The
comparative results varied by up to an order of magnitude. We have run some
preliminary tests to evaluate the methodology and more interlab comparisons are
planned. On the basis of the initial rasults we are satisfied that our methods
are appropriate for the samri.es and conditions under which they are routinely
used. The results suggest that the relatively harsh conditions used by others
nay be yielding anomalously low values for STOC. A major difficulty in the work
is that we have not yet found an appropriate: si.indard reference material ro use
£ )£ oimp-i.'injj tht: accuracy of th«j various methods.
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3.5.3 SITE MONITORING

Gamma Exposure Rates in Public Areas near CRNL - A.E. Docherty ,
P~.C. Beaulieu, T.J. O'Kane, W.M. Hartwick

Thermoluminescence dosimeters placed at the perimeter of the CRNL
exclusion area (see Figure 3.2) and beyond, 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 and third quarters of
1987 and the last two calendar years are given in Table 3.5.3A. In 1986,
additional stations were set up to provide more extensive monitoring outside
CRNL property. These measurements include the background dose due to natural
radioactivity in the environment and the contribution from CRNL. The background
dose depends on the amount of natural radioactivity, soil moisture and snow
cover, and varies from month to month and year to year. Results from these
stations are now included.

Gamma Exposure Rates at CRNL - A.E. Docherty, P.C. Beaulieu,
T.J. O'Kane, W.M. Hartwick

Indoor (shielded) and outdoor (unshielded) gamma ray exposure rates

within the CRNL exclusion area are given in Table 3.5.SB-

Stations 17 and 18 were introduced in the first quarter of 1986 as part

of the monitoring coverage for the NRU heat recovery program.
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Table 3.5.3A Gamma Exposure Rates in Public Areas (uR**h )

Location Second Quarter
1987

1

2

3

4

5

6

7

8

132

19 2

20

21

22

234

24

252

Mountain View

Quebec, CRNL

Quebec, Oiseau

Gutzman Rd. Petawawa

Portage Rd. Petawawa

Lloyd Dr. Pembroke

Ft. William

Deep River Hydro

Quebec, Schyan

Harrington Bay

Deep River

8.2

6.1

4.1

6.9

4.6

4.1

4.6

7.3

6.4**

3.9**

4.3

5.1

4.7

3.9

4.1

4,0***

6.5

6.4

Third Quarter
1987

10.9

4.5

5.4

9.5

7.7

5.0

7.7

7.3

19.1

5.0

5.8

7.6

6.2

6.1

6.8

11.8

10.3

10.4

1985
Average

10.5

5.8

5.3

6.5

4.9

5.6

5.9

8.1

5.5

-

-

-

-

-

-

-

7.5

6.1

1986
Average

7.1

4.8

3.9

6.0

4.2

4.8

4.6

6.8

9.2

-

-

-

-

-

-

-

6.3

6.3

1Natural background (excluding cosmic radiation) and airborne contamination from
CRNL.

These TLD locations are across the river from CRNL and are 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 locations.

Harrington Bay, P.Q., 9 km south east from plant stack.

Fort William, P.Q., 11 km south east from plant stack.
* 1 R = 2.58 x 10~4 Ci»kg .
** For the period 1986 October 2 to 1987 July 10
*** For the period 1986 October 2 to 1987 July 8
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Table 3.5.3B Gamma Exposure Rates within the CRNL Exclusion Area
1

Location

9 - see Fig. 3.2

10 - First floor office,
Building 513

11 - see Fig. 3.2

16 - Office in CRNL cafeteria 11.0

17 - Bldg. 400 & 401 steam
condensate

Second Quarter
1987

22.0

9.6

10.5

a 11.0

8.7

Third Quarter
1987

27.8

11.2

14.0

10.8

9.0

1985
Average

29.9

12.2

12.3

10.4

1986
Average

17.7

9.9

8.6

10.0

8.5

18 - Bldg. 400 basement

1

9.6 11.7 9.9

Sura of gamma natural background (excluding cosmic radiation) and airborne
contamination from CRNL.

*1 R = 2.58 x 10-1* Ci'kg"1.

Radionuclides in Precipitation and the Ottawa River - A.E. Docherty,
P.C. Beaulieu, T.J. 0'Kane, W.M. Hartwick

Precipitation samples collected at Deep River were analyzed
radiocheralcally for Sr and spectrometrically for Cs and other
gamma-emitters. Monthly composite samples of water from the Ottawa River,
collected at Rolphton, Deep River, Pembroke and CRNL were also analyzed for
gamma-emitting nuclides, tritium and Sr. The results for Sr and Cs
concentrations In the Ottawa River at Pembroke, Deep River and Rolphton are
shown in Figure 3.5.3A.

Radionuclides in Liquid Effluents - A.E.Docherty, P.C. Beaulieu,
T.J. O'Kane, W.M. Hartwick

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. Perch Creek and Duke Stream are
also sampled regularly. The former drains Perch Lake and Waste Management Areas
A and B and then 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
3.5.3C for the second and third quarters of 1987. Most of the radionuclides are
measured by gamma-ray spectroraetry. Other releases are shown in Figure 3.5.3B.
The daily releases have been calculated from the measured flow rates and
radionuclide concentrations in individual streams.
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CONCENTRATION OF CESIUM-137

Bq/m3

15

10

5

-

-

-

PTL n-i

-
-

Hi- Hi i-« Pfb

0.3 %

TARGET
0.2 CONCENTRATION*

- 0.1

JAN FEB MAR APR MAY JUNE JULY AUG SEP OCT NOV DEC

CONCENTRATION OF STRONTIUM-90

Bq/m3

V.
TARGET
CONCENTRATION*

JAN FEB MAR

E 2 PEMBROKE

• DEEP RIVER

• ROLPHTON

APR MAY JUNE JULY AUG OCT NOV DCC

FIGURE 3.5.3A: Monthly Average Concentration of Cesium-137 and
Strontium-90 in the Ottawa River at Rolphton,
Deep River and Pembroke during 1987.

* Health and Welfare Canada's recommended target concentrations for
Cesium-137 and Strontium-90 in drinking water are 5 x 10 Bq*m and
1 x 10 BqMiT , respect ively. 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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Table 3.5.3C Mean Daily Releases from the Process Sewer

Radionuclides

90Sr

l37Cs

14 4
Ce

106
Ru

140.
Ba

13 1,

239 Np

3 b,
Zr

5 4,,,

60

Second
MBq/d*

6

59

71

71

250

130

1800

180

260

230

200

220

98

Quarter 1987
% of DRL**

1.

2.

3.

3.

1.

2.

1.

8.

2.

1.

1.

7.

6.

3x10" "*

0x10"2

2x10"4

8x10" **

6x10"4

8x10"3

8x10"4

8x10"b

4x10"4

7x10" **

9x10"4

2x10"3

9x10"3Co

*Release figures rounded to two significant
**Dsrived Release Limit. The percent of DRL

from the DRL values given in AEGL-7243.

Third Quarter 1987
MBq/d* % of DRL**

1.7x10 -4

1.1x10 -2

1.2x10• . - * *

,-43.6x10

1.4X10"6

2.6x10 -3

1.3x10 -4

4.0x10 -5

32

28

67

220

120

1300

82

300

250

230

240

88

digits. (1 MBq = 27
figures have been calculated

2.8x10 -4

-41.8x10

2.2X10-1*

7.8x10 -3

6.2x10,-3
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NOMINAL •Sr

GBq/d

30 r

20 -

10 -

1500 r

1000 "

MBq/d

500 -

J F M A M J J A S O N D

300

200

MBq/d

WO

J F M A M J J A S O N D

1500 r

1000

MBq/d

J F M A M J J A S O N D

131,

M6q/d

3000 r

2000

1000

J F M A M J J A S O N O

500

J F M A M J J A S O N D

a»»»p u

3000 ,-

2000

H>00

I

J F M A M J J A S O N D

FIGURE 3.5.3B: Daily Releases of Radionuclides in Liquid Effluents. 1987

1 MBq = 27
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Plutonium discharges are expressed in terms of activity per day rather than mass
per day. Since we do not distinguish Pu from Pu and the two isotopes have
different half-lives, the values for plutonium therefore represent Pu plus

Pu. For 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 3.5.3D and 3.5.3E, together with the
activities released during the second and third quarters of 1987.

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).

Radionuclides in Surface Water - A.E. Docherty, P.C. Beaulieu,
T.J. O'Kane, W.M. Hartwick

Weekly samples and flow readings were taken at weirs on the surface
sLreams 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 H as well as quarterly for gamma-emitting radionuclides
and 'Sr. Strontium-90, Co and n remain the main contaminants in the
Perch Lake basin.
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Table 3.5.3D Tritium in Streams in the Exclusion Area
Second Quarter 1987

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

Concentration
MBq/m3

2.1

0.5

11

14

242

Quarterly Release
GBq

2.0x10"*

20

1.7xlO3

8.9xlO3

6.1x103

Percent of
DRL*

2.3x10"2

2.3xlO~5

1.9xl0"3

l.Oxlir2

6.9x10"3

Table 3.5.3E Tritium in Streams in the Exclusion Area
Third Quarter 1987

Process Seuor

Sanitary .Sower

04 Stocm Stiver
(plus 04A)

Perch Creek Weir

Duke Stream

Concentration
MBq/m3

2.3

0.4

3.3

17

245

Quarterly Release
GBq

2.

1.

3.

.2X104

15

635

,6xl03

.5xl03

Percent of
DRL*

2.5xl0"2

1.7xl«T5

7.2x10"^

1.8xlO"3

4.0x10"3

Duke Stream 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-724J.

1 MBq = 27 pCi, 1 GBq = 27 mCi.
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Argon-41 in the CRNL Stack Effluent - D.P. Wildsraith, T. O'Kane

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 Ar depends on the power

levels of NRX and NRU. In NRU, C02 in the J-rod annulus replaces moist air to
reduce corrosion of the 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 CO2 system.

The results obtained to date for 1987 are given in Table 3.5.3F.

Table 3.5.3F. Measured 41Ar Releases from Main Stack - 1987

Sampling

Date

Jan 19

Apr 6

Apr 8

Apr 22

Jun 1.7

.Jul 7

Aug 27

Nov U

Time

1111

1102

1451

1500

0940

1006

0844

0918

NRU

Power MW

122

119

C02

Normal

Normal

Not operating

120

121

121

110

125

Normal

Normal

No rma 1

Normal

Normal

NRX

Power MW

Not operating

Not operating

41.2

39.8

Not operating

36.8

41.0

Not operating

TBq'd-1

71

59

187

243

57

277

234

56

TBq-d-W1

0,6

0.5

4.5

1.5

0.5

1.8

1.5

0.5

Tritium Migration from the Liquid Dispersal Area - R.W.D. Killey,

T. Dinesen

The most notable event in recent years in the Liquid Dispersal Area
(LDA) was the spike in tritium releases to Reactor Pit #2 in the summer of 1985
- the result of a heavy water leak in NRU. Figure 3.5.3(d) shows the locations
of the LDA, local watercourses and gauging stations, and the recorded H input
to the pit. This provides a potentially useful tracer of water movement from
the Reactor Pit to points of groundwater discharge. During the past half year
we completed the groundwater survey in the Lower Perch Lake Basin and compiled
most available data on surface water tritium fluxes.
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The most striking observation to date is the peak in tritium flux
through the East Swamp Stream weir in the summer of 1986. Figure 3.5.3(d) shows
the records of tritium flux through the weir for the past 3 years. There were
no substantial increases in tritium releases to the Chemical Pit, which lies in
the headwaters of the East Swamp Stream basin. In fact, records of tritium
input to the Chemical Pit total only 1% of the 1986 release through East Swamp
Stream weir, so there is no doubt that contaminants from the Reactor Pit do
discharge to this stream. The lag in tritium peak arrival shows that the
groundwater transit is almost exactly one year. The sharpness of the peak in
East Swamp Stream's tritium flux implies that contaminant transport to the
stream is through a very narrow plume. If contaminants were discharged over a
reach of the stream, we would expect that differences in transit times in
different parts of the plume would generate a lower increase in stream-water, Tl
concentrations over a longer period of time. From these data, we calculate that
approximately 30% of waters pumped to the Reactor Pit discharge to East Swamp
Stream one year later. It should be noted that the volumes of water pumped to
the Reactor Pit during the past 20 years have varied only between 10 and 20
thousand cubic metres per year; these variations are not great enough to
generate major variations in local groundwater flow patterns.

Figure 3.5.3(d) displays tritium flux through Inlet 2, the point of
discharge to Perch Lake for all overland flow originating in or passing through
the basin downgradtent of the LDA. Tritium fluxes through Inlet 2 show a marked
seasonal fluctuation, but there is, as yet, no evidence of an order of magnitude
increase similar to that seen in the East Swamp Stream. In fact, there is
little evidence that the spike in East Swamp Stream fluxes had any significant
effect on tritium releases through Inlet 2. This highlights another complexity
of the local hydrologic system. Downstream of the weir, the East Swamp Stream
is known to infiltrate the Perch Lake Swamp over much of the year (D.R. Lee,
pecs. comm.). The information presented here indicates that although a
substantial portion of the 1985 tritium release to the LDA have since entered
surface waters, it has re-infiltrated the ground, providing several more years
of delay before reaching Perch Lake and the Ottawa River.

Tritium in Surface Waters in the Vicinity of CRNL - R.M. Brown,
W.J. Workman

The deposit and discharge values for the year 1987 reported below are
estimated from 10 months data since data for November and December are not
available at the time of writing.

During 1987, the deposit of tritium by precipitation at Balmers Bay,
the site boundary closest to a population centre in the direction of major wind
frequency, was 35 kBq«m~ compared to 50 kBq*m-2 in 1986. Deposition for the
year at six other sites around the plant property showed no major changes from
previous years.
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The tritium concentration in the stream draining the Bulk Storage Area
was the same as one year ago, 22 kBq «L~ indicating no increase of tritium
draining from the east end of Disposal Area "C". No significant increases were
observed in the annual survey of tritium concentrations in about 40 small
streams and springs within and around the CRNL property. However, tritium
concentrations in Chalk Lake rose from 304 Bq «L~ to 583 Bq »L~ reflecting
increasing discharge of tritium from Waste Management Area C into Lake
Maskinonge via Duke Stream and thence to Chalk Lake and the Ottawa River.

In the Ottawa River mean concentrations in 1987 were 8.9 Bq«L~ at
Rolphton, 16.8 Bq«L~l at Deep River and 23.7 Bq»L~ l at Pembroke. These
concentrations indicate a discharge for the year of 222 TBq from NPD, up from
25 TBq last year, and 207 TBq from CRNL, down from 303 TBq last year. High
concentrations at both Deep River and Pembroke in June and July indicate an
unusual release from NPD during this period. The flow of natural and residual
bomb tritium at Rolphton was 249 TBq«a~1 in 1987, similar to previous years.

Streamflow Measurements on the CRNL Site - R.W.D. Killey, W.J. Beattie,
J.H. Munch

Continuing problems with the original data logger used for recording
water levels at the Lower Bass Creek weir led us to purchase another logger from
a different manufacturer in September. This unit has performed flawlessly since
that time, and we have acquired equipment for 3 more complete level measurement
and recording systems. Fabrication of circuits and housings is nearly complete,
and we plan to install these before the end of the calendar year. Plans are to
set up the electronic water level recording systems at Inlets 1 and 2 and at the
Perch Creek weir. Equipment at Inlets 1 and 2 will be checked against Water
Survey of Canada mechanical recorders for the next 3 months to ensure that the
new systems are working well. The installation at Perch Creek is a temporary
replacement for the ultrasonic level measurement system, which is still unusable
Ln winter.

Water Survey of Canada discontinued their free maintenance of
streamflow records at all CRNL locations except the outlet of Perch Lake at the
beginning of 1987 June. As noted in the last progress report (PR-PHS-HS-3), we
had reviewed our options for maintaining the records needed for contaminant
release monitoring purposes. The preferred alternative was to contract Water
Survey for at least the remainder of this fiscal year to continue record-keeping
at 4 locations in addition to Perch Lake outlet, and this contract was let. As
noted above, electronic recording systems are being assembled for immediate
installation at Inlets 1 and 2, and we will proceed to construct measurement
systems for the two weirs on the Powerline Road (East Swamp and Main Streams).
Assuming good performance from the new monitors and recorders, we plan to assume
responsibility for flow measurements at these weirs next spring.
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During the summer, available data on the hydrology of Maskinonge Lake
were compiled and used to estimate discharges from the lake. This led to a
recommendation that the Perch Lake type compound weir be used for Maskinonge as
well. We also concluded, however, that the initial proposed design would result
in the weir outlet becoming submerged in periods of high discharge, invalidating
the conditions required for flow measurement. Alternative locations for a dam
were surveyed, but the initial location at the outlet of the first wetland
downstream of the plant highway is still the preferred site. To keep the
downstream face of the weir above water, however, will require a higher dam, and
will result in higher water levels in the wetland. We do not anticipate that
higher levels in the wetland will pose any concerns, but we are seeking
assistance in design of the dam- The access road to the dam site is complete.

Carbon-14 Releases from Waste Management Area C - R.W.D. Killey,
R.W. Brown, K..I. Inch, J.H. Munch, W.J. Workman

Nuclear power producers are taking an increased interest in the
management of wastes containing C. Ontario Hydro outlined sources of and
major concerns with radiocarbon wastes at a 1-day workshop organized by the
Waste Management Technology Division, and AECL staff outlined their information
and eKperience with C. In part as a follow-up on previous measurements of C
in vegetation around CRNL Waste Management Areas and in part as a response to
renewed interest in the isotope, we have begun a limited study of the
distribution of C in soil gas and groundwater at Area C. To date, soil gases
between the waste trenches and the impermeable cover on the south end of the
site (Killey and Munch, TR-412, 1986) are the only materials to have been
analyzed. Soil gas beneath the polyethylene cover contains 4 to 11% CO2 by
•0 Irene. No combustible gases were detected with a portable thermal conductivity
detector (lower limit of detection approximately 5000 ppm). Two samples of this
soil gas have been found to contain 29 and 79 kBq»g~ of C. Assuming that
those samples are representative of gas composition throughout the unsaturated
/.one beneath the cover and that the gas porosity of the soil is 30%, the
II') x 60 m area beneath the cover and extending 8 m to the water table would
contain almost 50 GBq of C as C02' The polyethylene cover overlies about 4
years of waste, which from the recorded input data would contain about 6"> GBq of
radiocarbon. It seems very unlikely that most of this inventory is currently in
the soil gas, implying either that the sampling was not representative or that
C content of the waste is substantially higher than the recorded input.

14
Levels of C in the soil gas are high enough that CRNL will undertake

some additional work to assess the importance of radiocarbon releases from
Area C. Sampling for C analysis of dissolved inorganic carbon (DIC) in the
plume of contaminated groundwater leaving the uncovered portion of the site is
currently underway. This plume has already been defined by measurements of
tritium concentration in a network of piezometers. Tritium has been present for
uany years in the wetland and stream receiving groundwater discharge; these
surface waters will also be tested for C.
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The extent of studies that are necessary to provide satisfactory
assessments of the impact of radiocarbon releases from Area C can only be
determined after the preliminary testing outlined above is complete. There are,
however, two areas where we think that research of general interest could be
conducted. The first is an evaluation of root uptake of C from contaminated
groundwater, since there is almost no data on this potential transfer pathway.
A second study could be investigation of speciation and sorption phenomena
relevant to radiocarbon, possibly with particular emphasis on rates of
conversion of dissolved organic carbon to dissolved inorganic carbon.

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 other network stations across Canada.

The total Heating-Degree-Days for the months of 1987 July, August and
September were below the 24 year average (1963-87) having totals of 9.5, 35.5
and 116.0 as compared to the averages of 20.6, 44.7 and 153.0 indicating that
our summer and fall were considerably milder than normal.

Hydrologic Data at Perch Lake - P.C. Jay

The monitoring of 3 of the 8 stream gauging weirs in the Perch Lake
system at #3, #4 and #5 inlet streams has been discontinued as sufficient data
has been accumulated. Monitoring is continuing, however at Perch Lake Outlet,
Perch Greek Weir, Main Stream and No. 1 and No. 2 inlets for estimation of
tritium plumes into Perch Lake and eventually into the Ottawa River.

The culvert at #1 inlet stream is being replaced as the bottom has
rusted through enabling the water to flow under the culvert rather than over the
V-notch plate attached to it.

All heaters at the weirs in use were turned on for the winter months.

Mercury Analysis of Vegetation Samples - A.E. Docherty, J.L. Young

An inventory of mercury was known to be present in the bunker that
caught fire at "B" disposal area on July 6, 1987. There were concerns about
volatilization of some or all of the mercury and subsequent deposition downwind.

To investigate this possibility, vegetation samples were collected from
an area most likely to show contamination from the plume. The samples were
homogenized, dessicated, and submitted to W. Edwards (General Chemistry Branch)
for mercury analysis by neutron activation.

The results showed no evidence of mercury deposition when compared with
control samples from outside the plume. Indeed, all results were in the lower
range of background levels for terrestrial plants as documented in Effects of
Mercury in the Canadian Environment, NRCC No. 16739.
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3.5.4 MONITORING IN ASSOCIATION WITH OUTSIDE AGENCIES

Canadian Air and Precipitation Monitoring Network (CAPMON) -
D.P. Wildsmith

Since the summer of 1978 CRNL has been operating a monitoring site for
CAPMON. The objective of the network is to determine the temporal and spatial
variations of the concentrations and deposition of ionic constituents of
precipitation across Canada. The chemical composition of precipitation is an
indicator of changes in atmospheric composition since precipitation acts as a
scavenging agent for many substances (both solid and gaseous) in the
atmosphere. The primary constituents and/or indicators being investigated are:
sulfates (SOi^") , nitrogen compounds (NO3"", NHL,~) , chloride (Cl~) , metal ions
(Na+, K+, Ca"1"4", Mg'1"1"), pH and electrical conductivity.

In December 1983, at the request of the then Environment Minister,
Charles Caccia, five of the CAPMON monitoring sites were asked to cooperate in
providing precipitation pH values, to be correlated with air-mass movements and
issued as a weekly Acid Rain Report to the news media.

CRNL is one of the reporting sites and Table 3.5.4A lists the
precipitation events and pH values for the period 1987 July 01 to December 31.
During this period there have been 65 pH measureable precipitation events having
a mean pli of 4.31. This compares with a total of 65 precipitation events having
a mean pH of 4.37 for the same period in 1986. The total precipitation amounts
for the.se two periods were 384.1 mm and 379.9 mm, respectively.

3.6 PUBLICATIONS AND PRESENTATIONS

3.6.1 PUBLICATIONS

DISTRIBUTION AND CYCLING OF CADMIL'M IN THE ENVIRONMENT

>'. J. Barry, J.M. Bewers and D.J. MacGregor
Cadmium in the Environment, Advances in Environmental Science and Technology
Volume 19 in the Wiley Series (1987)

SHORT TERM CHANGES IN THE FLUXES OF WATER AND OF DISSOLVED SOLUTES DURING
SNOW-MELT
P.J. Barry and A.G. Price
Seasonal Snowcovers: Physics, Chemistry, Hydrology, Series C: Mathematical
and Physical Sciences, _2_U, 501-530 (1987)

RADIOTRACER TECHNIQUES FOR MEASURING FLUID FLOW AND CALIBRATING
FLOWMBTERS
E.L. Cooper
AECL-9522 (1987)

ENVIRONMENTAL RESEARCH FOR CANADIAN NUCLEAR FUEL WASTE MANAGEMENT PROGRAM
R.J. Cornett
Radioactive Waste Management and Nuclear Fuel Cycle, 18, 197-217 (1987)



Table 3.5.4A Precipitation Events pH
1987

Day

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Total
Mean

Id Lax
Mean
Mean

pH

July

Amount pH
(mm)

0.8 4.02
8.6 4.30
0.8 *

2.2 3.60
0.6 *

8.4 4.20
6.0 4.71

0.3 *

7.2 4.28
1.4 4.08

36.3
4.17

ftTuoi pi.ti.t ion

precip (monthly)
pH

* Insufficient precip.

August

Amount

(mm )

9.1
1.9

10.8

1.4

0.8
3.8

13.8

0.4
0.8
0.8

5.0

13.6

62.2

384.1 mm
64.0 mm
4.31

pH

4.60
4.83

4.78

4.59

3.32
3.43
3.70

4.24
4.56

4.45

4.34

4.26

for pH reading

September

Amount

(mm)

0.4

4.4
9.4

2.4
7.8
20.8

8.0
12.8
4.4
2.4
1.0

1.0
0.4

15.6

90.8

pH

*

3.56

4.55

3.55
3.97
4.32

4.87
4.85
4.87
4.75
*

4.63
*
3.85

4.34

October

Amount
(mm)

5.0
16.8
0.2
2.4

1.8

3.2

0.2
6.8

7.2

25.2

1.4

3.8

74.0

pH

3.88
4.39
4.43
4.29

4.15

4.10

*
3.72

4.36

5.78

3.90

*

4.30

November

Amount
( mm)

2.0
1.0
1.2
0.2
0.8

10.9
0.8
0.4

1.8

7.6

8.3
12.2

47.2

PH

3.76
4.07
4.83
*
5.04

4.44
4.64
4.35

3.88

4.91

4.74
4.4

4.4b

December

Amount
(mm)

0.4
0.4

8.2
5.0

9.6

17.8
0.4

5.4
7.8
7.2
0.6
3.0

6.2
0.8

0.6

0.2

73.6

pH

4.31
4.69

4.00
4.21

4.37

4.55
4.19

4.13
4.55
4.41
4.80
4.13

4.02
A.45

4.33

*

4.34
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MODELLING THE BEHAVIOUR OF ARSENIC IN LAKES
M.L. Diamond, D. Mackay and R.J. Cornett
Proceedings of the 6th Int. Symp. on Heavy Metals in the Environment. pp.
128-131. Commission of the European Communities, The Hague, Netherlands (1987)

SUDBURY NEUTRINO OBSERVATORY PROPOSAL
G.T. Ewan, H.C. Evans, E.D, Earle, G.M. Milton, et al.
SNO-87-12 (1987)

THE EFFECT OF TEMPERATURE ON THE ECOLOGY OF A FOREST STREAM:
AN EXPERIMENTAL STUDY
R.S. Retnpel (supervisor P.J. Barry)
A thesis presented to the U. of Waterloo in fulfillment of the thesis
requirement foe the degree of Doctor of Philosophy in Biology,
Waterloo, Ontario (1987)

PALEOHYDROLOGICAL INFERENCES FROM FRACTURE CALCITE ANALYSES: AN
EXAMPLE FROM THE STRIPA PROJECT, SWEDEN
G.M. Milton
Applied Geochemistry, 2, 33-36 (1987)

METHOD OF MOMENTS ANALYSIS OF THE TWIN LAKE TRACER TEST DATA
G.L. Moltyanac and C.A. Wills
AECL-9521 (1987)

MASS TRANSPORT IN SATURATED POROUS MEDIA: ESTIMATION OF TRANSPORT PARAMETERS
G.L. Moltyaner and D.R. Champ
AECL-9610 (1987)

DISPERSION OF CONTAMINANTS IN SATURATED POROUS MEDIA: VALIDATION OF
NUMERICAL MODELS
G.L. Moltyaner and J.M. Poisson
AECL-9520 (1987)

SMALL SCALE VARIABILITY OF NEW PRODUCTION AND PARTICIPATE FLUXES IN THE OCEAN.
A.F. Vezina and T. Platt
Can. J. Fish. Aquat. Sci. 44, 198-205 (1987)

A MULTIPLE-PACKER/STANDPIPE SYSTEM FOR GROUND WATER MONITORING IN
CONSOLIDATED MEDIA
S.J. Welch and D.R. Lee
Ground Water Monitoring Review, Summer 1987, 83-87. AECL-9526 (1987)
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3.6.2 REPORTS

DEMONSTRATION OF PERFORMANCE MODELING OF A LOW-LEVEL WASTE SHALLOW-LAND BURIAL
SITE
D.R. Champ, R.W.D. Killey, G.L. Moltyaner and J.L. Young, Chalk River
Nuclear Laboratories, D.E. Robertson, M.P. Bergeron, D. Holford, K.H. Abel,
C.W. Thomas and D.A. Myers, Pacific Northwest Laboratory, Richland Washington
Prepared for Division of Engineering, Office of Nuclear Regulatory
Research, U.S. Nuclear Regulatory Commission, NRC FIN B2862, 1987 November

3.6.3 LECTURES, PRESENTATIONS AND ABSTRACTS

TRITIUM IN THE ENVIRONMENT
R.M. Brown
Lecture and lab sessions presented to 7th holding of CFFTP Tritium Safe
Handling Course, CRNL, 1937 September 23-25

EMERGENCY PROCEDURES
D.R. Champ
CRNL Radiation Protection Course, 1987 October 1

REDOX CHEMISTRY IN THE CIGAR LAKE U DEPOSIT, NORTHERN SASKATCHEWAN
J.J. Cramer, P. Vilks, J.P.A. Larocque (AECL - Pinawa) and D.R. Champ
(AECL - Chalk River Nuclear Laboratories)
In Program with Abstracts of the 1987 Joint Annual Meeting of the Geological
Assoc. of Canada and the Minerological Assoc. of Canada, Saskatoon, Sask.,
1987 May 25-27

VARIATIONS IN ELECTRICAL CONDUCTANCE IN MIRROR LAKE SEDIMENTS: ARE
THEY DUE TO GROUNDWATER INFLOW?
R.J. Cornett and D.R. Lee
Hubbard Brook Collaborators Research Symposium, Hubbard Brook, N.H.,
1987 July 7-8

TOUR OF LOW BACKGROUND COUNTING FACILITIES: GAMMA COUNTING TECHNIQUES
R.J. Cornett
CRNL Radiation Protection Course, 1987 October 1

HANDLING OF OPEN SOURCES OF RADIOISOTOPES
R.J. Cornett and J.F. Mattie
CRNL Radiation Protection Course, 1987 October 1

LOCATING AREAS OF GROUNDWATER UPWELLING IN SURFACE WATERS
D.R. Lee
Hydrogeology Seminar. Department of Earth Sciences, University of Waterloo,
1987 December 2
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TOUR OF ENVIRONMENTAL RESEARCH FIELD SITES
D.R. Lee
CRNL Radiation Protection Course, 1987 October 1

GROUNDWATER CONTAMINANT FLOW TO THE ST. MARY'S RIVER
D.R. Lee, W. Wager and P. Kauss
SETAC Sth Annual Meeting, Society of Environmental Toxicology and
Aquatic Chemistry, Pensacola, Florida, 1987 November 9-12

LOCATING AREAS OF GROUNDWATER FLOW TO SURFACE WATER

D.R. Lee, W. Wager and P. Kauss
1987 Technology Transfer Conference, Ministry of the Environ.,
Toronto, 1987 November 30 - December 1

LOCATING AREAS OF GROUNDWATER FLOW TO SURFACE WATER
D.R. Lee, W. Wager and P. Kauss
Society of Environmental Toxicology and Environmental Chemistry, Pensacola,
Florida, 1987 November 9-12

ESTIMATION OF LOCAL AND INTEGRAL DISPERSION PARAMETERS USING MIXING CUP AND

THROIJGH-THE-WALL MEASUREMENT TECHNIQUES
G.I,. Moltyaner
Seminar on Transport of Contaminants in Groundwater. Int. Assoc. for
Hydraulic Research, Lausanne, Switzerland, 1987 August 31 -
September 4

DISPERSION OF CONTAMINANTS IN GROUNDWATER
.;.!,. Moltyaner
Presented at Hydrology Seminar, Department of Earth Sciences, University of
Waterloo, Waterloo, Ontario, 1987 October 13

ENVIRONMENTAL AND BIOLOGICAL RESEARCH ON THE EFFECTS OF RADIATION
R.V. Osborne
Ontario Nuclear Safety Review Workshop, Toronto, Ontario, 1987 September 26

COINCIDENCE OF NEEDS IN RADIOLOGICAL AND TOXICOLOGICAL PROTECTION
R.V. Osborne
Workshop on Research Needs in Toxicology, Chalk River Nuclear Laboratories,
Chalk River, Ontario, 1987 November 3-4

NUCLEAR AND THE ENVIRONMENT
R.V. Osborne
Presentation to Energy Options Advisory Committee, Royal York Hotel, Toronto,
Ontario, 1987 November 19

ENVIRONMENT AND MAN
R.V. Osborne
CRNL Radiation Protection Course, 1987 October 1
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CARBON AND NITROGEN CYCLING IN THE MARINE EUPHOTIC ZONE: MODELLING
PERSPECTIVES ON MICRORIAL AND METAZOAN ROLES IN OCEANIC AND COASTAL PLANKTON
COMMUNITIES
H.W. Ducklow, M.J.R. Fasham, and A.F. Vezina
3rd European Marine Microbiology Symposium, Menai Bridge, Great Britain,
1987 September 10

LES FLUX DE CARBONE ET D1AZOTE DANS LES RESEAUX TROPHIQUES MARINS
A.F. Vezina
Departeinent d'Oceanographie, U. Quebec a Rimouski, Rimouski, Que.,
1987 September 16
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4. RADIATION BIOLOGY BRANCH

by

D.K. Myers

STAFF
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EFFECTS OF TERATOGENS ON HUMAN CELL LINES

PREDICTION OF RADIATION SENSITIVITY USING PERIPHERAL BLOOD LYMPHOCYTES

RESISTANCE OF MULTICELL SPHEROIDS TO RADIATION AND DRUGS

COLLABORATIVE PROJECTS WITH KING FAISAL SPECIALIST HOSPITAL, RIYADH,
SAUDI ARABIA

SCREENING CANCER PATIENTS FOR ABNORMAL CARCINOGEN RESPONSE

CANCER PATIENT RADIORESPONSE AND RELATION TO CANCER CURE RATE
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HIGH LET RADIATION INDUCTION OF YEAST RADIORESISTANCE AND SUPPRESSION
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PREPARATION OF HYPERCOMPETENT CELLS
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4 . 1 STAFF

Branch Manager

Secretary

Professional Staff

S.D
T.J
N.E
N. J
R.E
D.P

Bird1

Bichay'^
Gentner
Gragtmans

J. Mitchel
Morrison

!. Ostrom''
Trivedi^
Unrau
Walker'

M.M. Werner

Students

William C. Simon

Attached Staff

Huixin Yang
Doug Boreham

National

D.K.

L. J

. Myers

. Morel

Technical Staff

D. Adams
D.M,
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A-M.
K.L.
L.D.
L.T.
R.A.
J.W.

. Cecil3

. Courchesne

.T. Foley

. Gale"

. Johnson
, Joyce
. McCann
, Murphy

R. Pilon
M. Plattner"
B.P.. Smith'"

Queens, terminated 87.08.28

Suzhou, China
University of Ottawa

De''p River Science Academy (DRSA)

Sheila Broughton
Sara Kelly
Valerie McKibbon
Caroline Purvis

Terminated 87.08.28
Terminated 87.08.28
Terminated 87.08.28
Terminated 87.08.28

S. Bird terminated 1987 November 17
T. Bichay started 1987 September 23
D. Cecil short-term replacement for B.P. Smith
K. Gale returned from maternity leave 1987 July 31
J. Ostrom started 1987 August 17
A. Trivedi started 1987 September 28
J. Walker started 1987 August 10
M. Plattner, 2.5 days per week in Radiation Biology

remainder in Medical Branch
B. Smith on Leave of Absence, commenced 1987 May 01
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4.2 INTRODUCTION

The primary objectives of research in Radiation Biology Branch are to
contribute to the worldwide bank of knowledge on the biological effects of
radiation and related agents on humans and other living organisms, and to
apply this knowledge to improvements in health protection.

In terms of mutagenic and carcinogenic hazards, the most critical
target in living cells is DNA, the carrier to hereditary information. We have
therefore studied the nature of DNA damage from exposure of cells to radiation
and cancer-causing chemicals, and the biological control of enzymes that
repair most of the initial DNA damage in living organisms. The biological
effects of radiation are studied in a wide variety of living organisms ranging
from yeast to cultured human cells to laboratory animals.

Two of the major research projects in the Branch are being operated as
cost-shared projects with financial support from outside agencies. The Atomic
Energy Control Board is supporting 50% of the work on the development of a
screening assay for members of the general population who carry inherited
abnormalities in their DNA repair systems and who are presumed to be at
increased risk following exposure to ionizing radiation. The Utilities and
the Atomic Energy Control Board together are providing 50% of the financial
support for the collaborative study with Dosimetric Research Branch on
relative biological effectiveness of tritium beta-rays for induction of
myeloid leukemia in mice. Research on cancer-prone families and on effects of
hyperthermia is carried out in collaboration with the Ottawa Cancer Clinic and
various universities in the local area.

The Branch continues to function as a source of information on
biological effects of radiation for AECL, other government agencies and
students on request. Branch representatives also participate in the
deliberations of national and international committees concerned with
assessment of the biological hazards of exposure to low levels of ionizing
radiation.

4.3 EFFECTS OF TERATOGENS ON HUMAN CELL LINES
- D. Adams, P. Unrau and N.E. Gentner

By analogy with the hyper-sensitivity of 'pseudo-thalidomide syndrome1

(also known as Roberts syndrome) cell lines to MMC, two hypotheses were
proposed for modes of action of thalidomide and various teratogenic analogues.
In the first, direct action on DNA to cause interstrand cross links might
occur; this would be expected to result in a cytotoxic response in normal
cells and a more pronounced sensitivity on the part of cultured cells derived
from Roberts' syndrome patients. In the second, inhibition by thalidomide of
the repair pathway(s) required to remove interstrand cross links might occur;
although thalidomide might not be toxic by itself, it might result in
increased sensitivity if applied in combination with ionizing radiation. To
try to distinguish these possibilities, experiments were performed to measure
the effects on human lymphoblastoid cell lines (LCL's) of exposure to various
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drug concentrations, and to measure the effect of y-irradiation in the
presence and absence of the drugs, using the grow-back assay.

Most "normal" cell lines showed little effect of the drugs EM12 (a
more teratogenic thalidomide analogue) and supidimide (an inactive analogue)
applied alone on grow-back kinetics. We infer from this that these compounds
are not substantially cytotoxic, although there was a tendency for cell growth
rate and final concentration to be lower than in the absence of the drug. For
examples of Bloom, Fanconi, AT and XP LCLs, however, there was a strong
tendency for the cell lines to grow more slowly and to a lower final cell
number in a dose-dependent manner. However, the drugs did not appear to kill
the cells. We conclude that it is unlikely that the drugs are genotoxic by
producing DNA damage repaired in a manner similar to mitomycin damage.

We a]so tested the grow-back response in the presence and absence of
the drugs afu^r ionizing radiation insult to see if the drugs interfere with
repair processes, thereby enhancing the cytotoxicity of the given ionizing
radiation dose. The combined effects of the drugs plus irradiation was no
greater than expected from the effect of either treatment alone. Thus there
is no evidence that these teratogens have other than a growth inhibitory
effect. Such effects seems to be more pronounced in a number of cancer-prone,
carcinogen-hypersensitive, DNA repair-deficient strains.

One experiment has been performed with EM12 in the in vitro
recombination assay, since we deemed it likely that the recombinational repair
systems would be affected, if any. No marked effect was observed on the
generation of recombinants.

4.4 PREDICTION OF RADIATION SENSITIVITY USING PERIPHERAL BLOOD LYMPHOCYTES
- T.J. Bichay, M.M. Werner, D.P. Morrison and N.E. Gentner

The screening assay previously described in PR-PHS-HS-2 may prove
useful in determining the cancer susceptibility of individuals exposed to
specific carcinogens. However, for cancer therapy application, the 4-8 weeks
required to carry out the assay, after diagnosis of neoplasia, is too long to
allow a prediction of cancer treatment response (ie, patient sensitivity to
the treatment) prior to the commencement of the therapy. Hence the
possibility of a new more rapid assay based on the sensitivity of peripheral
blood lymphocytes (PBL) is being investigated. This lymphocyte assay can be
based on the same principle as the lymphoblastoid assay in that a grow-back
ratio of treated to non-treated dividing PBL may be obtained. We have
initiated attempts at inducing PBL blastogenesis by using T-cell mitogens and
growth factors and are aiming for a ten-fold increase in PBL to be able to
competently carry out the grow-back assay. Drs. Peter Corbett and Vivien
Bramwell of the London Regional Cancer Center, and Dr. Cyril Danjoux of the
Ottawa Regional Cancer Center have expressed an interest in the project and
are prepared to provide blood samples from cancer patients for use in
developing such an assay.

Additionally, unstimulated PBL yield a "death-rate" response after
exposure to Y-radiation that may be indicative of DNA repair response. We are
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investigaLing the possibility of correlating this "death-rate" response, under
appropriate conditions, to sensitivity to Y-irradiation.

4.5 RESISTANCE OF MULTICELL SPHEROIDS TO RADIATION AND DRUGS
- T.J. Bichay

Multicell spheroids (MTS) are cell aggregates which can be grown iri
vi i.ro using well established techniques. MTS resemble solid tumor nodules as
they have layers of well oxygenated proliferating cells, hypoxic quiescent
cells and a necrotic center. We have obtained spheroid culturing equipment
(on loan from Dr. W.R. Inch at the Department of Medical Biophysics,
University of Western Ontario) and can now grow routinely V79 CHL spheroids of
up to 900 urn. The cell aggregates are highly resistant to some
chemotherapeutic agents such as Doxorubicin and Mitoxantrone as well as to
r/x-irradiation. As there is some conflicting evidence as to whether this
resistance is due to enhanced DNA repair, experiments are designed to
determine the rate and extent of repair after drug or radiation damage in
monolayers and in spheroids.

4.6 COLLABORATIVE PROJECTS WITH KING FAISAL SPECIALIST HOSPITAL, RIYADH,
SAUDI ARABIA
- N.E. Gentner, D.P. Morrison, B.P. Smith1'* and M.A. Hannan1

1) ethnic variation in frequency of abnormal radiosensitivity?

Some 50 lymphoblastoid cell lines (LCL's) from clinically normal Saudi
ionors (applicants for driver's licences, of whom a blood test is required)
•ire being prepared and will be sent to CRNL early in 1988. Their
r :id ioresponse will be assessed using the "grow-back" assay, and the
distribution of sensitivity compared to our much larger donor set. The object
•-.f this study is to see whether different ethnic groups might differ in the
nature and extent of variability in radiosensitivity. The Saudi population
hra:; a unusually high incidence of one known radiosensitive and cancer-prone
disorder, ataxia-telangiectasia. Should an indication be obtained that
different ethnic populations do indeed differ in the frequency of abnormal
radioresponse, it might be cause to examine, for instance, the Japanese
compared to the North American population.

').') Lymphoma patients

A study at the King Faisal Specialist Hospital on the incorporation of
•^adioLabelled precursors into the DNA of isolated peripheral blood lymphocytes
suggested a greater probability of effect in cells from lymphoma patients than
in those from normal persons after a given ionizing radiation exposure. We
have agreed to examine the radioresponse of LCL's from a representative sample
of their lymphoma patient population to ascertain whether a correlation with
abnormal radiosensitivity exists.
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3) Lysosomal storage disease (LSD)

Cells from patients with conditions associated with auto-immunity,
such as rheumatoid arthritis, systemic lupus erythematosus (SLE) and
polymyositis, have a high probability of being hypersensitive to ionizing
radiation. An LCL derived from one SLE patient has been examined here, and is
apparently abnormally radiosensitive. We have an obvious interest in defining
criteria for identifying persons in the general population who may be
radiation-sensitive. One report indicates that lysosomal storage disease may
be associated with such sensitivity. Riyadh has an appreciable number of
persons with the various types of LSD. We have agreed to examine the
radioresponse of strains they provide.

1 King Faisal Specialist Hospital, Riyadh, Saudi Arabia
•' On leave of absence from CRNL

4.7 SCREENING CANCER PATIENTS FOR ABNORMAL CARCINOGEN RESPONSE
- N.E. Gentner and D.P. Morrison

In the last phase (approximately calendar 1988) of the joint AECL/AECB
project on "Screening human populations for abnormal radiosensitivity", we
will be investigating the extent and range of variation in a population of
freshly presented cancer patients. The object of this phase is to determine
whether a relative risk factor can be derived, based on spontaneous incidence
of cancer, for a phenotype of abnormal response. A finding of a higher
proportion of abnormal radioresponse in a cancer patient group (compared to
the population-at-large) may indicate that this phenotype is associated with
an increased propensity to neoplasia. Obtaining such a result for
"spontaneous" cancer incidence would suggest that persons in this cohort are
more likely to develop cancer as a result of defective ability to repair DNA
damage induced by ionizing radiation or by chemicals and other environmental
agents that produce typss of damage that require the same DNA repair
pathway(s) for their restitution. These types of damage likely constitute
only a small fraction of the total environmental damage to DNA that initiates
the neoplastic process. Thus the risk for such persons exposed to an
increment of ionizing radiation specifically may well be even greater.

Special emphasis has been placed on one particular subset of cancer
patients that we consider affords the greatest likelihood of relating abnormal
radioresponse to increased cancer risk, those patients in whom cancers appear
early. One feature both of cancer-prone, carcinogen-hypersensitive genetic
disorders and familial cancers (those not clearly associated with known
genetic syndromes) is that neoplasms appear relatively early. We expect to
use those of age <45 year for this group; less than =2% of the population has
normally developed cancer by this age.
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4.8 CANCER PATIENT RADIORESPONSE AND RELATION TO CANCER CURE RATE
- N.E. Gentner, D.P. Morrison and C. Danjoux1

The particular radioresponse manifested by a patient with cancer,
quite independently of a putative relationship to risk of develping cancer,
may be intimately related to the efficacy with which radiotherapeutic
protocols can effect a cure or regression of the treated tumour. Our
preliminary work suggests that a substantial variation in radioresponse exists
in cancer patients, as in the normal population; the range appears to be 2-3
in terms of a dose-modifying factor. It would follow that either the "normal11

or the more sensitive cancer patient group may not be being treated as
appropriately as might be possible if the fact of their separate identity
could be established and treatment rigour adjusted accordingly. For example,
if adverse reactions to therapy in more radiosensitive patients contributed to
setting a limit on treatment in the development of oncology procedures,
cancers in the "normal" patients may be treated sub-optimally. The
radioresponse parameters we obtain in our screening assay for radiosensitivity
is inherently suggestive of a dose-response factor that might be adapted to
support individualized radiotherapy regimes, with the goal of accomplishing
greater probability of cure.

While the observation of in vitro sensitivity may be useful in
alerting oncologists to the possibility of adverse reactions, or for
suggesting altered treatment of cancers recurring at the same site, little
dose adjustment will be performed in primary radiotherapeutic procedures until
the relationship between sensitivity and treatment effectiveness is
established by other means. Aside from our primary goal of establishing the
risk factor for developing cancer that may be associated with abnormal
sensitivity to ionizing radiation, we also have substantial interest in the
application of the assay to cancer treatment. Intense interest has been shown
in this by our medical colleagues, most especially at the Ottawa Regional
Cancer Clinic, Ontario Cancer Treatment and Research Foundation. Various
methods of establishing this relationship have been suggested.

One approach comes directly from Phase III of the joint AECL/AECB
study ("Screening human populations for abnormal radiosensitivity"). A
prospective study comparing the outcome of treatment of patients determined to
exhibit abnormal sensitivity with those of "normal" sensitivity will provide
an indication of the relationship, if any, between treatment efficacy and
radiosensitivity. Although this is a sound scientific approach, an earlier
answer is most desirable.

Screening a selected population of persons who have had cancer, but
are now regarded as cured, might provide an answer more quickly if we had the
resources to allocate to this approach. The frequencies of abnormal response
in the "cured" cohort and in "new" cancer patients, if significantly
different, would strongly suggest that there is indeed a relationship between
radioresponse and probability of cure, and would indicate as well which
particular group was being treated most appropriately by present procedures.
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A third approach, that can be accomodated by an extension of the Phase
Ill-type work, has been suggested by oncologists at Ottawa. It focusses on a
subset of cancers on which radiotherapy is always used and where nearly all of
the treated tumours regress initially. Some 50% of these recur, and are
usually fatal within 2 years. This proposed study would seek to establish
whether differences existed in the radioresponses of patients in whom the
cancers recurred and those in whom treatment was effective.

1 Chief of Oncology, Ottawa Regional Cancer Clinic

4.9 SCREENING FOR ABNORMAL SENSITIVITY TO MITOMYCIN C
- N.E. Gentner, L.D. Johnson and D.P. Morrison

Mitomycin C (MMC) is a potent carcinogen and recombinogen when it is
reductively bio-activated _in vivo. This being the case, it is clear that an
abnormal response of a cell line to MMC treatment can arise because of effects
in two distinct areas, bio-reduction and DNA repair. Less-than-normal bio-
activation would be expected to yield a lesser amount of potentially lethal
DNA damage for the cellular repair system(s) to remove in order to ensure cell
survival, leading in turn to apparent resistance to MMC-induced cytotoxicity
at a given exposure level. If repair was less effective than "normal" in the
cells being treated, the net effect would be as if these cells, compared to
normal cells given the same treatment, had been exposed to a higher dose.

We have developed a procedure for screening lymphoblastoid cell lines
(LCL's), derived from individual donors, for abnormal sensitivity to MMC.
This protocol employs chronic exposure to MMC and an abbreviated, "viability
ratio" version of our grow-back assay (Sect.4.3, PR-PHS-HS-3). We are
presently screening a large number of strains from ostensibly normal donors in
order to determine the proportion of persons in the population-at-large whose
cultured cells exhibit abnormal sensitivity. Such donors, like people with
genetic disorders (such as Bloom syndrome or Fanconi anemia) that are
associated with cancer proneness and with cellular MMC-hypersensitivity, may
be at excess risk of cancer; this may be attributable to exposure of such
persons to agents in the biosphere that induce a form(s) of DNA damage that
requires the same repair system(s) for restitution as does MMC damage.
Present indications are that, as is the case for ionizing radiation, an
appreciable fraction of people may be hypersensitive to MMC.

Strains derived from a number of cancer patients have also been
examined. Two of these seem to exhibit resistance to MMC. This response may
well be due to sub-normal bioactivation rather than to DNA repair being more
efficient than normal. Resolution of this question will require determination
of the actual amount of DNA damage induced in both resistant and apparently
normal cells by the same MMC exposure. It may be noteworthy that twice as
many strains from ostensibly normal people have been tested, and none have
exhibited this resistant response.
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4.10 TRITIUM RBE FOR MYELOID LEUKEMIA INDUCTION
- N.J. Gragtmans, J.R. Johnson, D.K. Myers, A.M. Foley, J.W. Murphy,
J. Leon and J.S. Jackson

Daily observations have continued for the past 6 months with
collection of tissues from animals which had died or were sacrificed.

We have started histological examinations of the collected tissues to
arrive at final diagnoses. Dr. D.H. Percy, the veterinary consultant
pathologist acquired for quality assurance in this study, is scheduled to
arrive on January 15 at CRNL for analysis of our conclusions.

The pilot study in which a group of mice which had been injected with
tritiated water for purposes of dosimetry to the actual white cell precursors,
has now been completed and the data are being analyzed.

4.11 DNA HELICITY AND STRESS-INDUCED HEAT OR RADIATION TOLERANCE
- R.E.J. Mitchel, A. Trivedi, D. Boreham and P. Unrau

We have previously shown that in yeast a heat stress is able to induce
radioresistance as well as thermal resistance. Likewise, a radiation exposure
has also been shown to induce both heat and radioresistance. The magnitude of
the induction of both resistances was directly proportional to the stress
applied. The common signal for induction of both heat and radiation
resistance appeared to be the amount of DNA damage generated by the stress.
The means by which the cell recognized these alterations in DNA and responded
with increased resistance has been unclear. We are currently examining the
possibility that the recognition signal involves a general alteration in DNA
structure or helicity rather than specific damage sites.

4.12 EXPOSURE OF HUMAN NATURAL KILLER CELLS TO HYPERTHERMIA AND RADIATION
- R.E.J. Mitchel and H. Yang

Natural killer (NK) cells are a type of human white blood cell that
have the ability to recognize and kill (by cellular lysis) other cells of the
same individual that have become tumorous. As such, they represent the last
line of defense tgainst cancer and may be particularly important before the
original cancer has undergone many divisions. These NK cells exist in the
active state in the circulatory system and do not need to be stimulated or
activated as do some other types of killer cells. In a cancer patient these
cells may play a role in preventing the growth of secondary tumors, eg. from
metastasis. When a cancer patient is receiving treatment by radiation and/or
hyperthermia, NK cells in the circulatory system are necessarily exposed to
the treatment, as are the tumor cells. This project is resigned to assess the
effects of hyperthermia and radiation on NK cells, and on the ability of
exposed NK cells to lyse treated tumor cells. Such data will provide
information on the alteration in the risk of secondary tumor formation which
could result from such exposures.
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Human NK cells are isolated from blood samples taken from CRNL
volunteers and tested for their ability to lyse human tumor cells grown in
tissue culture. Lysis is monitored by the release of !>1Cr previously
incorporated into the tumor cells. Our experiments have shown that NK cells
are very sensitive to heat, loosing half their lytic capacity after a 42°C, 30
min hyperthermia treatment. In contrast the cells are particularly
radioresistant, retaining half their lytic capacity after a 30 Gy oxic dose.

Cells that have had their tumor cell lysis capacity completely
inactivated by heat are still able to compete with unheated cells for binding
to tumor cells. This indicates that the lytic function of NK cells is more
heat sensitive than the binding function. In a hyperthermia treated cancer
patient, such heat impaired NK cells would act as competitive inhibitors of
unimpaired NK cells and further reduce the patients killer cell competence.

Hyperthermia impaired NK cells are able to recover their capacity for
tumor cell lysis. Maximum recovery occurred within 22 h after the
hyperthermia treatment and the extent of recovery was inversely proportional
to the severity of the hyperthermia treatment. However, cells reduced to 50%
of their lytic capacity, (by a 42°, 30 min hyperthermia treatment) were able
to completely recover. In contrast, cells whose lytic function was inhibited
by a radiation exposure showed no recovery capacity, and a radiation exposure
also inhibited the NK cells ability to recover from heat induced inactivation.
These results suggest that cancer patients who receive treatments of
hyperthermia plus radiation may be at increased risk for metastatic disease
spread resulting from an impairment of their natural killer cell function.
The results also show that occupational exposures to radiation are unlikely to
significantly decrease the workers NK cell ability to suppress early cancer
cells.

4.13 THE INFLUENCE OF A HYPERTHERMIA TREATMENT ON CHEMICALLY-INDUCED TUMOR
INITIATION AND PROGRESSION
- R.E.J. Mitchel, D.P. Morrison, N.J. Gragtmans, A. Trivedi,
R. McCann, J. Murphy, J. Jevcak, T. Joyce, M. Plattner and R. Pilon

A single hyperthermia treatment given near the time of initiation with
N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) or 7,12-dimethylbenz[a]anthracene
(DMBA) increased the number of initiated cells in the skin of SENCAR mice
subjected to a two-stage tumorigenesis protocol. In animals subsequently
promoted with 12-0-tetradecanoylphorbol-13-acetate (TPA), a 40°C, 30 min
hyperthermia treatment given just before, just after or 24h before MNNG
initiation increased the average papilloma frequency by 40 to 50%. In the
groups of animals that received a hyperthermia treatment just before MNNG
initiation, tumor latency was reduced by 40 to 60%. Treatment with MNNG in
the absence of hyperthermia produced two classes of initiated cells. One
type, formed in low yield, was independent of TPA promotion and formed tumors
with a high probability of progression to malignancy. The other type was
promotion dependent, and formed in relatively high yield but produced tumors
with a probability of progression to carcinomas about 10 fold less than
promotion-independent initiated cells. A single hyperthermia treatment given
just before or just after MNNG initiation increased the yield of both
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promotion-dependent and promotion independent initiated cells, and
consequently increased the yield of carcinomas. In animals given a single
hyperthermia treatment 24 h prior to initiation (to induce thermotolerent skin
cells), MNNG exposure resulted in an increased yield of promotion-dependent
initiated cells but no change in the yield of promotion independent initiated
cells. Hyperthermia treatment of DMBA initiated skin increased the yield of
initiated cells (promotion-dependent) only when given just after exposure to
the initiator. The extra initiated cells produced by hyperthermia treatment
of MNNG or DMBA exposed skin had the same probability of progression to
carcinomas as initiated cells produced by the same initiation in the absence
of hyperthermia. As noted previously for DMBA initiated mice, hyperthermia
given at the time of each application of TPA promoter also suppressed the
formation of papillomas initiated by MNNG. Only the promotion and progression
of promotion-dependent initiated cells, and not of promotion-independent
cells, was suppressed.

The results show that a single hyperthermia treatment near the time of
exposure to an alkylating agent increased the number of both promotion-
dependent and promotion-independent initiated cells and, as a consequence,
increased the risk of carcinogenesis associated with that exposure. It is
apparent that the risk associated with an exposure to a chemical initiator or
promoter is not a fixed value but can be increased or decreased by a cellular
stress applied near the time of exposure.

4.14 HIGH LET RADIATION INDUCTION OF YEAST RADIORESISTANCE AND SUPPRESSION
OF MNNG MUTATION
- R.E.J. Mitchel, D.R. Boreham, P. Weinberger and S. Broughton

Previous results have demonstrated the induction of yeast
(S. cerevisiae) radioresistance by a prior sublethal exposure to gamma
radiation. Inducible radioresistance is believed to be proportional to the
initial type and amount of DNA damage. 14 MeV neutrons produce a different
yield of DNA double strand breaks and single strand breaks compared to gamma
rays. Our observations indicate that gamma rays are more efficient than
neutrons at inducing radioresistance for the same oxic dose. If
recombinational DNA repair is responsible for yeast induced radioresistance
then these results suggest that DNA double strand breaks are not the most
important inducing lesions.

N-methyl-N1-nitro-N-nitrosoguanidine (MNNG) exposure induces an error
prone DNA repair system whereas gamma radiation induces an error free DNA
repair system in yeast. Competition between these two systems of overlapping
lesion specificity can change the biological consequences to the cell. We
have shown that besides inducing yeast radioresistance, 14 MeV neutrons will
also induce resistance against MNNG generated mutations. These results
indicate that a change in radiation LET, which results in a qualitative change
in the spectrum of DNA damage products, produces a corresponding qualitative
change in the cellular response to that damage.
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4.15 THE RADIATION-INDUCED ADAPTIVE RESPONSE TO MNNG INITIATED
TUMORIGENESIS IN MOUSE SKIN
- R.E.J. Mitchel, N.J. Gragtmans, A. Trivedi, D.P. Morrison,
R. McCann, A.M. Foley and J. Murphy

A single exposure of SENCAR mouse skin to N-methyl-N1-nitro-N-
nitrosoguanidine (MNNG) produces two types of initiated cells, a promotion
independent minority with a high probability of progression to carcinomas and
a promotion dependent majority which form papillomas with a low progression
probability. We have examined the influence of an ionizing radiation exposure
on MNNG production of these two types of initiated cells. The animals dorsal
skin received between 0.1 and 9 Gy acute surface dose of ^"Sr/Y B-radiation
immediately prior to treatment with the chemical initiator and the skin was
then promoted for 15 weeks with the phorbol ester TPA. When compared to
similarily treated unirradiated animals, the radiation exposure produced a
dose dependent reduction in the papilloma frequency, easily observable at 0.5
Gy (25% reduction) and reaching a maximum by 5 Gy (80% reduction). Carcinoma
frequency, in contrast, showed no significant difference between the
unirradiated and the irradiated animals. Apparently radiation exposure had
much less effect on the ability of MNNG to produce promotion independent as
compared to promotion dependent initiated cells. The results demonstrate that
a radiation exposure near the time of exposure to another carcinogen, can
alter the biological response to that carcinogen and therefore alter risk.

4.16 SCREENING HUMAN POPULATIONS FOR ABNORMAL RADIOSENSITIVITY
- D.P. Morrison, N.E. Gentner, D. Cecil, L.C. Courchesne, K.L. Gale,

J. Ostrom and J. Walker

The principal purpose of the current phase of this program is to
determine the extent of variation in radioresponse that might be expected in
the population-at-large. To this end our major activity in recent months has
centred on the blind screening of several hundred human lymphoblastoid cell
lines (LCL's).

A large collection of strains has been accumulated for use in this
work. Most of them have been established at Chalk River from blood samples
obtained from normal, healthy donors. In addition nearly 40 strains from
clinically normal persons were purchased from the Human Genetic Mutant Cell
Repository, Institute for Medical Research, Camden, NJ. These have been
included in the blind screening, along with strains derived from donors of
known radiosensitivity. The latter are principally from patients with
(homozygotes) or carriers of (heterozygotes) the genetic condition ataxia-
telangiectasia. As well, LCL's from donors whose cultured dermal fibroblasts
exhibit radiosensitivity in the conventional colony-forming assay, but which
are known to be distinct from AT, have been included. Some other lines,
representing a wide range of genetic disorders whose pleiotropic effects
include increased probability of neoplasia and abnormal cellular response to
the cytotoxic effects of carcinogens other than ionizing radiation, have also
been obtained. These disorders include xeroderma pigmentosum, Fanconi anemia
and Bloom syndrome.
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The eroding of the LCL cultures for use in the blind screening
procedure, which will shortly be completed, has been performed by persons
designated by a representative of our partner in this research, the Atomic
Energy Control Board. This protocol requires the processing of each cell line
through the "grow-back" assay at least twice. On each of these occasions
regrowth curves are obtained for unirradiated control cells and for cells
exposed to 3 Gy (acute) and 4 Gy (chronic) **"Co Vrays. To date a total of
1263 analyses have been performed.

The particular choice of ionizing radiation doses used in our
screening procedure was predicated on the need to emphasize detection of
moderate levels of radiosensitivity such as are manifested by most AT
heterozygotes. To accomplish this we gave up some resolution in
distinguishing differences within phenotypes of greater radiosensitivity such
as AT homozygotes. The reason for this is based on the AT example: well over
99% of the excess cancer risk attributable to AT alleles in the population
accrues to AT carriers, making their detection critical. AT patients account
for only about 0.004% of all fatal cancers. AT carriers are estimated to
constitute -3% of the general population, and their relative risk of fatal
neoplasia is 2-3 (lifetime; 8 for female breast cancer) and 5-10 for early-
appearing cancers (before age 45): they represent the major societal
detriment associated with the existence of the AT allele, and exhibit no
clinical features that allow their identification.

4.17 APPLICATION OF THE CHALK RIVER SCREENING ASSAY TO ULTRAVIOLET LIGHT
SENSITIVITY
- D.P. Morrison, W.C. Simon and N.E. Gentner

Germicidal ultraviolet (UV) wavelengths, such as the 254 run emissions
that comprise >90% of the output of mercury-vapor germicidal lamps, induce DNA
damage that is restituted in most organisms by repair systems largely distinct
from those responding to ionizing radiation-induced damage. Thus UV can be
used as a probe for examining variation in human populations of repair
capacities apart from those deemed to account for abnormal sensitivity to
ionizing radiation.

The "grow-back" assay is applicable to UV-irradiated cells.
Validation of the assay using known UV-sensitive cell lines, such as those
derived from xeroderma pigmentosum or Tay syndrome donors, has been
accomplished. The actual grow-back response is somewhat different following
UV-exposure compared to Y-exposure: rather than a long period of reduced but
still exponential growth, UV-exposed cells return relatively quickly to the
control growth rate. We therefore use the early phase of the regrowth (<3
days) to assess relative UV-sensitivity.

Fifteen lymphoblastoid cell lines (LCL's) from apparently normal
donors have been examined. These were selected from those that had been shown
earlier to exhibit a normal response to ionizing radiation insult. Six of
these were clearly abnormal in their UV-sensitivity. This suggests that
substantial variation may exist in the general population for all DNA repair
capacities. A group of radiosensitive strains has yet to be examined. We
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think however that their study will indicate that UV-sensitivity is largely
independent of y-sensitivity.

4.18 ESTABLISHMENT OF LYMPHOBLASTOID CELL LINES AT CHALK RIVER
- D.P. Morrison, M. Plattner, D. Cecil, T.L. Joyce, K.L. Gale and
N.E.Gentner

The rate-limiting step in the screening assay of human lymphoblastoid
cell lines (LCL's) for sensitivity to DNA-damaging agents is the development
and establishment of immortalized LCL's from isolated peripheral blood
lymphocytes (PBL's). In an attempt to speed up this process we have
investigated the use of other approaches in LCL establishment. One, involving
the immunosuppressive drug Cyclosporin A (CyA), was described previously in
PR-PHS-HS-4.12. The other, a relatively minor modification of our routine
procedure, involves the brief exposure of the isolated, washed PBL's to
sterile distilled water before their transfer to growth medium. This
technique is a convenient method for reducing the number of residual,
contaminating red blood cells in the PBL preparations, but its effect on
subsequent LCL development had not been established.

Over a period of several months, we have attempted, where the number
of PBL's in individual blood samples has permitted, to establish lines using
our standard method (SM), our standard method with distilled water rinsing
(WM), and the CyA procedure (CM). Of the 12 cases where all 3 methods were
used (and which were not subject to any known compounding problems), we were
successful in establishing lines by all methods for 7 samples, by both SM and
CM for 1 sample, by both by CM and WM for 1 sample, by CM only for 1 sample
and by WM only for the remaining 2. While the numbers are small, the
indications are that as far as the efficiency of immortalization is concerned
there is little to choose between the 3 methods. Moreover, the time from
sampling to establishment was not markedly better for any one method. The
average time to establishment for all 3 methods was close to 3.5 weeks. It
has yet to be determined whether the response of strains established from the
same donor by all 3 methods behave reproducibly in the "grow-back" assay.

4.19 ASSESSMENT OF RADIATION HAZARDS TO POPULATIONS
- D.K. Myers

The scientific literature on risk estimates for humans is currently in
a state of flux as a result of re-evaluation of doses received by the
Hiroshima-Nagasaki bomb survivors. It appears probable at the present time
that risk estimates for adult males will not be greatly altered, but estimates
of risk to persons exposed at a young age (particularly young girls) may be
increased appreciably. This latter increase is due primarily to revision of
the models used to extrapolate from observations of radiation-induced cancers
over a limited number of years to predictions of total excess cancers expected
to appear over an average lifetime of about 75 years. The overall impact is
likely to be little change in risk estimates for male radiation workers but an
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increase of about 2-fold for a general population of all ages. AECB has
expressed interest in a review of this topic, to be prepared in collaboration
with R.V. Osborne, Environmental Research Branch, CRNL.

Two papers on radiation hazards in uranium mining have been prepared
in collaboration with J.R. Johnson, Dosimetric Research Branch, for
international conferences to be held in Australia in 1988. Recent literature
on this topic, much of which originated in Canada, has been reviewed and
summarized. This review suggests that the hazards of inhalation of short-
lived radon progeny by uranium miners have been underestimated by about 80% by
the ICRP but that the hazards of inhalation of radioactive ore dusts have been
overestimated by 2 to 10-fold.

Proposed amendments to AECB regulations issued in 1986 indicate that
licensees will be required not only to ensure protection of the health of
humans, as has been customary in the past, but also to ensure protection of
the environment. This has been interpreted by us in terms of a statement in
ICRP Publication 26 in 1977, which suggests that radiation protection
guidelines for the protection of human individuals should ensure survival of
other species, though not necessarily survival of individual members of other
species. A review of potential radiation doses to other species under current
radiation protection regulations, and of the effects of radiation on species
other than humans, has been initiated in collaboration with the Environmental
Research Branch at WNRE. At present, it appears that the highest potential
doses may be received by aquatic plants, where dose rates can be more than
i 000 times those to humans, due to the bioaccumulation of certain
radionuclides in these plants.

Other recent activities have included collaboration with R.V. Osborne
on review of documents on biological effects of radiation which were submitted
to the Ontario Nuclear Safety Review commission.

4.20 PREPARATION OF HYPERCOMPETENT CELLS
- R. PiIon and P. Unrau

The preparation of competent E. coli cells is a key step in performing
in vitro recombination studies, as well as in other molecular biology
procedures such as DNA cloning. T. Kimmel of Commercial Operations has
encouraged and supported a short program to try to identify variables which
affect the production of hypercompetent E. coli cells. Several key factors
have been identified which have resulted in the technology to routinely
produce E. coli DH5 cultures able to transform at > 2 x 10^ transformants per
ug of pBR322 DNA. The procedure has been streamlined to the point that 300 mL
of hypercompetent cells can be produced in one-man day. The procedure has
been applied to other E. coli strains which can also be obtained
hypercompetent.

Studies have been made to optimize the transformation protocol which
has been made faster and more reproducible. We have compared our cells with
commercially available cells and find that our cultures are 15-30 times more
efficient than cells from one commercial supplier, and 2-3 times more
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efficient than premium cells from another source. Problems which remain to be
addressed include the possibility of scaling up the procedures 3-10 fold,
improving the efficiency of freezing and storage, and calibration of an
improved transformation protocol to allow the whole reaction to be performed
in a single storage/reaction vial. Experimental studies with our cells
indicate that they produce reproducible results in the iri vitro assay and that
the efficiency of uptake of plasmids is enhanced.

4.21 IN VITRO RECOMBINATION CATALYZED BY HUMAN CELL EXTRACTS
- P. Unrau, D. Adams, R. PiIon and V. McKibbon

The object of this program has been to characterize the jji vitro
recombination behavior of cell lines derived from normal and cancer prone
individuals, using cell free extracts to quantitate the enzyme activities
involved in catalyzing the recombination process. It was found that at equal
protein concentrations the amount of recombination catalyzed by extracts of
the normal fibroblast cell line GM38 was indistinguishable from that catalyzed
by extracts of the normal lymphoblastoid cell line (LCL) GM2184. Owing to
greater ease of growth, quantitation and extraction of LCLs and the
expectation that the In vitro assay will be employed as an adjunct assay for
characterizing LCLs, cell lines were grown for extraction. In a first series
of experiments, extracts from normal and cancer-prone patients were compared
for their ability to catalyze _in vitro recombination.

Bloom's syndrome is characterized by many hall-marks expected of a
hyperrecombinational human repair defective strain. For example, spontaneous
sister chromatic exchanges are enhanced 10-15 fold over normal levels;
spontaneous chromosomal breakage and rearrangements (particularly between
homologues), and viral recombination rates in unstimulated Bloom's fibroblasts
are enhanced. Homozygous Bloom's syndrome individuals show enhanced cancer
rates for a variety of cancers.

In the first series of tests of LCL extracts we found a 5-fold
Increase in recombination rate for similar protein levels from the Bloou's
strain GM4408 relative to the normal GM2184. There is an increase in
recombinants both on an absolute and relative basis, and a linear increase of
recombinants with increasing protein concentration. These results suggest
that recombination is being catalyzed by much higher levels of recombinational
proteins obtained froin Blooms than from normal cell lines, and that such
differences can be quantitated.

Two ataxia telangiectasia LCLs have also been tested for
recombinational activity; GM0717 was found to catalyze 50% of the
recombination of the normal control, while GM2782 was within the normal range.
These results also require extension and confirmation but suggest that both
hyper- and hypo-recombinational cell lines will be identified using such
assays.

Experiments to verify these results with other extracts of the same
and different Bloom's lines, and to extend this finding to other LCLs
Including lines established at Chalk River are in hand. The connections
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between repair of coincident DNA damage by recombination, the involvement of
somatic recombination in cancer induction, and an assay for the capacity of
cells to catalyze recombination are strengthened by the observations obtained
using the i_n vitro recombination assay.

4.22 EFFECT OF COMBINED Y-RAY/MITOMYCIN C EXPOSURE IN NORMAL AND REPAIR
DEFECTIVE CULTURED HUMAN FIBROBLASTS
- P. Unrau, D. Adams and N.E. Gentner

Data is being analyzed and prepared for publication.

4.23 Z DNA AND RECOMBINATION
- P. Unrau and C. Greenstock1

New plasmid DNA preparations are being produced for further analysis
and potential incorporation into liposomes. Studies on the artificial
sequence poly d(GC) have confirmed the possibility that Z DNA sequences may be
detectable using the fluorescence lifetime instrument, though the amounts
present in normal cells may be expected to be low. A small study using poly
d(GC) at Frederick Cancer Research Laboratory confirmed the production of Z
DNA with 1 mM Hexammonium Cobaltous chloride. Spectrophotometry confirmed the
change in state from the normal B-form to the absorbence expected of Z-form
DNA. Heating the samples at 65°C resulted in an increase in the relative
OD295/peak ratio, indicative of completion of the B- to Z-shift. Effects of
increasing NaCl concentrations before heating are being studies.

Medical Biophysics Branch, WNRE

4.24 TAY SYNDROME: SENSITIVITY OF PATIENTS TO UV-A AND UV-B LIGHT
- M.M. Werner, N.E. Gentner and D. Cecil

In a previous report [PR-PHS-HS-2] we described the pronounced
sensitivity of cultured skin fibroblasts from Tay Syndrome (TS) patients to
the cytotoxic effect of germicidal (254 nm) ultraviolet (UV) wavelengths.
Such 'UV-C wavelengths, although widely employed in survival analysis of
strains from donors exhibiting photosensitivity, are not present in that
portion of the sun's output that reaches the surface of the earth: the ozone
layer effectively screens out wavelengths below 290 nm. In order to determine
the possible etiological role in this disorder of UV wavelengths reaching the
earth's surface, we examined the response of TS cultured cell strains to
mjnochromatic light in the UV-B and UV-A regions. Wavelengths of 313 nm and
365 nm, respectively, were used.

Patients diagnosed as having TS and related disorders have been shown
clinically to have a marked sensitivity to induction of skin erythema by UV-B,
with dose modifying factors (DMF) of about 40, and UV-A. However, these
clinical investigations into sensitivity are conducted with fluorescent tubes
with relatively broad spectrum output. Small amounts of UV-C, which in normal
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strains is several thousand times more cytotoxic, may obscure the results for
UV-B and UV-A.

We used a 2.5 kW mercury-xenon arc lamp and a Schoeffel grating
rnonochromator to generate the appropriate UV wavelenqths. Both TS fibroblast
strains examined, TS101 and TSUI, were hypersensitive to 313 nm light with
DH,'s (dose to 10% survival) of 1.57 ± 0.245 J m~* (xlO*) and 1.407 ± 0.102
Jm'A (xlO4) respectively. In the same experiments, avenge D 1 O values for
fibroblasts from clinically normal donors was 4.708 ± 0.413 J m~z (xlO"1). The
DMF for 313 nm cytotoxicity was thus identical with those observed with 254 nm
irradiation. However, neither TS strain showed abnormal sensitivity to 365 nm
light: D l o values fell within the range of cells from normal donors. This
suggests that the potentially lethal damage formed by 365 nm irradiation is
different from that formed by 313 nm and 254 ran irradiation and that an
elevated level of cell killing cannot be the cause of the reported 365 nm
photosensitivity in the TS patients. Possibly it is indicative only of the
inadequately characterized UV-A light sources in the clinical setting.

These results and the results from exposures of TS cells to UV-C, to
ionizing radiation and certain chemical carcinogens are now being prepared for
publication.

4.25 FOLLOW-UP OF PAST CRNL EMPLOYEES
- M.M. Werner and D.K. Myers

The pre-1956 dose records which were collected from various CRNL
sources are being entered on a computer file. While these records are
probably not complete for any year for any individual they may eventually be
of use in the AECL Health Study analysis.

4.26 PUBLICATIONS AND PRESENTATIONS

4.26.1 Publications

THE RBE OF NEUTRONS FOR INDUCED MITOTIC GENE CONVERSION IN "ERROR-
PRONE REPAIR" DEFECTIVE YEAST
P. Unrau
Radiation Research jm., 92-100 (1987), AECL-9398

SOME FACTORS AFFECTING THE SENSITIVITY OF CULTURED HUMAN CELLS TO
HIGH-LET RADIATION
D.K. Myers and N.E. Gentner
Radiat. Environ. Biophys. 26, 263-273 (1987)

HUMAN CANCER-PRONE DISORDERS, ABNORMAL CARCINOGEN RESPONSE AND
DEFECTIVE DNA METABOLISM
M.C. Paterson, M.V. Middlestadt, M. Weinfeld, R. Mirzayans and
N.E. Gentner
In: Radiation Carcinogenesis and DNA Alterations (F. Burns and
A.C. Upton, eds.), pp.471-498; Plenum Press, New York (1987)
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TUMORIGENESIS AND CARCINOGENESIS IN MOUSE SKIN TREATED WITH
HYPERTHERMIA DURING STAGE I AND STAGE II OF TUMOR PROMOTION
R.E.J. Mitche.l, D.P. Morrison and N.J. Gragtmans
Carcinogenesis, 8, 1875-1879 (1987)

SUMMARY OF DOCUMENT BY C.G. STEWART
D.K. Myers and A.M. Marko
pp.iii - x in "Health Effect of Radiation in Uranium Mining - An
Alternative View" by C.G. Stewart. Atomic Energy of Canada Limited,
Report WNRE-715 (1986)

>.h . 1. 'A Lectures, Presentations, Abstracts

PARTICIPATION IN PANEL DISCUSSION AT PIC
P. Unrau
Held at the Public Information Center, CRNL, 1987 August 12.

MUTAGENESIS AND CARCINOGENESIS
P. Unrau
Presented to 29th Annual Radiation Protection Course, CRNL, 1987
September 29.

POLARITY IN IN VITRO RECOMBINATION
P. Onrau
NCI - Frederick Cancer Research Facility, Frederick, Maryland, 1987
August 28.

GENETIC CHANGES IN SOMATIC TISSUES - WHY STUDY RECOMBINATION?
P. Unrau
Radiation Biology Branch Meeting, held 1987 July 08.

TOXICITY AND DOSIMETRY OF TRITIUM
J.R. Johnson and D.K. Myers
Ontario Hydro Health Physics Meeting, Oshawa, 1987 December 1.

TOXICITY OF TRITIUM
D.K. Myers
Radiation Biology Branch Meeting, held 1987 October 7.

EPIDEMIOLOGICAL STUDIES OF RADIATION EFFECTS
D.K. Myers
Uranium Mine Radiation Safety Course, Elliot Lake, 1987 October 19.

NUCLEAR PLANT WORKERS
D.K. Myers and M.M. Werner
Letter to Editor, Globe and Mail, 1987 November 21.

COMMENT ON LETTER BY E. SIDDALL
D.K. Myers
Letter to the Editor, Nuclear J. Canada 1, 373 (1987).



4-21

FOLLOW-UP STUDIES OF CANADIAN RADIATION WORKERS
M.M. Werner
Presented to 28th Annual Radiation Protection Course, CRNL, 1987
October 02.

UPTAKE AND CYTOTOXICITY OF DOXORUBICIN AND MENOGARIL IN V79 MONOLAYERS
AND MULTICELL SPHEROIDS
T.J. Bichay, E.G. Adams, W.R. Inch and B.K. Bhuyan
11th Clinical Cancer Conference: Biological Response Modifiers,
Abstract No. 57, p.53, Lake Couchiching, Ontario, 1987 September 28-
30.

RADIATION INDUCED RESISTANCE TO MNNG INITIATION OF TUMORIGENESIS IN
MOUSE SKIN
R.E.J. Mitchel, D.P. Morrison and N.J. Gragtmans
Proceedings of the 8th International Congress of Radiation Research,
Edinburgh, Scotland, p. 191, 1987 July 19-24.

TUMOR INITIATION AND PROMOTION IN MOUSE SKIN TREATED WITH HYPERTHERMIA
N.J. Gragtmans
Invited talk at the Atlantic Veterinary College, University of Prince
Edward Island, 1987 July 31.

UPDATE ON MYELOID LEUKEMIA STUDY
N.J. Gragtmans
Radiation Biology Branch Meeting, held 1987 September 2.

RADIATION BIOLOGY AND RISKS OF RADIOACTIVE INSTRUMENTS
R.E.J. Mitchel
Panel discussion at CRNL with employees of Dupont Canada, 1987
December 7.

ALTERING THE RISKS OF CARCINOGENESIS
R.E.J. Mitchel
Invited lecture given at the Saskatoon Cancer Clinic, University of
Saskatoon, 1987 November 3.

RADIATION BIOLOGY AND HYPERTHERMIA
R.E.J. Mitchel
Panel discussion at CRNL with Terry Fox Scholars, 1987 October 28.

RADIATION BIOLOGY AND HYPERTHERMIA
R.E.J. Mitchel
Panel discussion at CRNL with Ottawa High School students, 1987
October 26.

RADIATION BIOLOGY AND HYPERTHERMIA
R.E.J. Mitchel
Panel discussion at CRNL with Pembroke High School students, 1987
October 14.
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BIOLOGICAL INTERACTIONS BETWEEN RADIATION AND OTHER AGENTS
R.E.J. Mitchel
Presented to the AECB 1987 October 5.

RADIATION AND CARCINOGENESIS
R.E.J. Mitchel
Presented to a delegation of visiting Chinese scientists and Canadian
NSERC personnel, 1987 October 1.

RADIATION BIOLOGY AT CRNL
R.E.J. Mitchel
A panel discussion at CRNL with Terry Fox Scholars, 1987 September 30.

RADTATION BIOLOGY
R.E.J. Mitchel
A lecture presented as part of the 29th Annual Radiation Protection
Course at CRNL, 1987 September 29.

BIOLOGICAL EFFECTS OF RADIATION
R.E.J. Mitchel
A lecture presented as part of the CRNL course, "Safe Use of
Radioisotopes in the Laboratory", 1987 September 23.

MICROWAVE INDUCED HYPERTHERMIA AS A PSORIASIS TREATMENT
R.E.J. Mitchel
A lecture given at the Keys Conference Center as part of the
Microwave Applications Workshop, 1987 September 22.

RADIATION BIOLOGY
R.E.J. Mitchel
A lecture given at CRNL as part of the CRNL Radiation Safety Course,
1987 June 22.

SCREENING HUMAN POPULATIONS FOR ABNORMAL RADIOSENSITIVITY
D.P. Morrison and N.E. Gentner
In: Proceedings of the 8th International Congress of Radiation
Research (E.M. Fielden, J.F. Fowler, J.H. Hendry and D. Scott, Eds.),
p.207; Taylor and Francis, London: 1987.

THE TWO 'FACES' OF CANCER CAUSATION: THE ENVIRONMENT, AND HEREDITY
N.E. Gentner
To: Deep River Science Academy, tutors and students, Childs
Auditorium: 1987 July 28.

TflE CHALK RIVER SCREENING ASSAY FOR ABNORMAL RESPONSE TO CARCINOGENS:
COMMERCIAL DEVELOPMENT NEEDS
N.E. Gentner
To Vice-President and senior research staff, Connaught Laboratories,
Toronto: 1987 August 5.
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TESTING FOR DNA REPAIR COMPETENCE: A BUSINESS OPPORTUNITY IN CANCER
THERAPY, PREVENTIVE CARE, AND OCCUPATIONAL HEALTH PROTECTION
N.E. Gentner
To Senior Executives, Medical Diagnostic Services, Toronto: 1987
August 21.

CANCER RESEARCH
N.E. Gentner
To MPP Candidate I. Theilheimer and party, CRNL: 1987 August 26.

DETECTING PERSONS WHO MAY BE PRONE TO CANCER
N.E. Gentner
Videotaped interview 1987 September 2 with Eve Savory, Science &
Medicine Specialist with "The National", CBC-TV. This resulted in a
major item (4 min) which ran on The National TV program 1987 October
11, introduced by Knowlton Nash.

SPACE RADIATION BIOLOGY: DETECTION OF POSSIBLE RADIATION-SENSITIVE
ASTRONAUT CANDIDATES
N.E. Gentner
To A.J. Mortimer and R.C. Black, NRC Canada, Canadian Astronaut
Program, at CRNL, 1987 September 3.

CANCER RESEARCH: EVALUATING THE ROLE OF PERSONS ABNORMALLY SENSITIVE
TO CARCINOGENS
N.E. Gentner
To His Excellency Valeria Brigante Colonna, Italian Ambassador and Dr.
Orio Ciferri, Scientific Attache to the Ambassador, at CRNI.- 1987
September 4.

THE CHALK RIVER SCREENING ASSAY FOR DETECTION OF INDIVIDUAL CARCINOGEN
RESPONSE
N.E. Gentner
Presentation to A. Thomson, Canadian Patents Development Office, and
D. Conn of Smart & Biggar, Patent Attorneys, at CRNL, 1987 September
24.

SCREENING FOR INDIVIDUAL SENSITIVITY TO A CHEMICAL CARCINOGEN
W.C. Simon
Physics and Health Sciences Summer Student Seminar, CRNL, 1987 August
12.

SCREENING HUMAN POPULATIONS FOR ABNORMAL RADIOSENSITIVITY
N.E. Gentner
Presentation to the 8th International Congress of Radiation Research,
Edinburgh, Scotland, 1987 July 19-24.

RADIATION -- A NATURAL LIFE FORCE
N.E. Gentner
After-dinner lecture to the 29th Annual Radiation Protection Course,
Riverview Inn: 1987 October 1.
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FUTURE APPLICATIONS OF SCREENING FOR INDIVIDUAL VARIATION IN
RADIOSENSITIVITY
N.E. Centner
To Atomic Energy Control Board Scientific Advisors, at CRNL, 1987
October 5.

CANCER SCREENING RESEARCH
N.E. Gentner
Rehearsal to AECL Senior Staff and Public Affairs personnel, for the
upcoming visit to CRNL of the Boards of Directors of Ontario Hydro and
Atomic Energy of Canada Limited, 1987 October 5.

SCREENING FOR CARCINOGEN - HYPERSENSITIVE PERSONS IN THE POPULATION-
AT-LARGE
N.E. Gentner
To medical personnel from the Philippines, Rotary Club Exchange, at
CRNL, 1987 October 9.

SCREENING FOR CANCER PRONENESS
N.E. Gentner
Three presentations to Ontario Hydro Board of Directors and AECL Board
of Directors, at CRNL, 1987 October 20.

CANCER SCREENING RESEARCH PROGRAM
N.E. Gentner
To AECL "MP Vists Program Committee", at CRNL, 1987 October 26.

DETECTION, AND IMPACT ON CANCER CAUSATION, OF PERSONS EXHIBITING
ABNORMAL SUSCEPTIBILITY TO CARCINOGENIC AGENTS
N.E. Gentner
Invited talk presented at the "Workshop on Research Needs in
Toxicology", held at CRNL, 1987 November 3-4.

DETECTING PERSONS SUSCEPTIBLE TO INDUCED CANCER
D.P. Morrison and N.E. Gentner
Videotaped interview 1987 November 6 with Diane Tenwold, reporter for
CHRO-TV News. This ran 1087 November 9 on the news program on CHRO-
TV, 1987 November 9.

CANCER SCREENING RESEARCH PROGRAM
N.E. Gentner
Presentation at CRNL to A. Kroeger (Deputy Minister) and J. Bourgon
(ADM) of the Department of Energy, Mines and Resources, Ottawa, and D.
Crosbie (Deputy Minister) of the Department of Energy, Queen's Park,
Toronto, 1987 November 9.

CANCER SCREENING
N.E. Gentner, D.P. Morrison, K. Gale and P. Browne
Display at "Partnerships for Profit", CRNL, 1987 November 10.
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DETECTION OF PERSONS EXHIBITING ABNORMAL CARCINOGEN SENSITIVITY AND
THEIR IMPACT ON CANCER PREVENTION AND TREATMENT
N.E. Gentner
Invited seminar at Ottawa Regional Cancer Clinic, Ontario Cancer
Treatment and Research Foundation, Civic Hospital, Ottawa, 1987
November 24.

REPORT ON THE WORKSHOP ON RESEARCH NEEDS IN TOXICOLOGY, CRNL:
N.E. Gentner
Invited address presented at the 20th Annual Symposium of the Society
of Toxicology of Canada, Montreal, 1987 December 2.

CURRENT CONCEPTS IN CARCINOGENESIS, CLINICAL TOXICOLOGY IN THE
ELDERLY, AND THE ROLE OF IN VITRO ASSAY
N.E. Gentner
Report on the 20th Annual Symposium of the Society of Toxicology in
Canada, at CRNL, 1987 December 14.

DETECTING PERSONS WHO ARE ABNORMALLY SENSITIVE TO CANCER-CAUSING OR
CANCER-TREATMENT AGENTS
N.E. Gentner
Videotaped interview 1987 December 4 with Michel Rochon, Science
Reporter for Radio-Canada Television. This ran 1987 December 8 on the
French language program "Ce Soir".

CANCER SCREENING
N.E. Gentner
Presentation to The Right Honourable Marcel Masse, (Minister of the
Department of Energy, Mines and Resources), at CRNL, 1987 December 18.
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5.1 STAFF

Branch Manager

Secretary

A. Petkau

A. Walters

Profess!onal Staff

C.A. Chuaqui*
C L . Greenstock
T.M. Stepan.i.k
.1 .G - Szekuly
Z. Khan* (NS.'iKC IRF, started April I, 1987)

Assistants

E.I. Azz.im (returned from EL 1987 September I)
W.S. Chelask
S. Delaney (PT)
M. Einspänner (terminated 1987 December 4)
D.E. Ewi ng
A.U. Lobre.ui (PT)
..I. Merritt*
M.D. Sargent
J. Vadasz
R.P. Whitshouse

La b _As s_i_s t n nt^

F.. Agland (PT)

St_ud_en_ts_

C Davies
D.P. Heller

P. Tibbo
J. Tobin

NSERC

NSERC

Queen's University terminated 1987 Aug 21
Graduate University of Manitoba from 1987 May for 1 yr.
Student
National Mt. Allison University terminated 1987 Aug 21

University of Manitoba terminated 1987 Aug 6

PT - Part Time
F,L - Education leave without pay from 1986 August to 1987 September

* Transferred to Radiation Applications Research Branch (RARB) 1987 October 12
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5.2 RADIOBIOLOGY

5.2.1 HUMAN BONE MARROW CELLS
- W.S. Chelack, M.D. Sargent, M. Einspenner, E.I. Azzam and A. Petkau

5.2.1.1 Development of Cell Culture Conditions

Culture conditions for assaying colony-forming ability of human
rayeloid progenitor cells are well established, giving plating efficiencies
between 0.01 to 0.05% in semi-solid agarose-McCoy's, supplemented with 10% Mo
cell conditioned medium.

It has been found that the progenitor cells can be stored overnight in
complete medium supplemented with fetal bovine serum without losing their
colony-forming ability.

5.2.1.2 Radiobiology of Myeloid Progenitor Cells

In 25 out of 33 cases, the survival response of myeloid progenitor
cells from fresh human bone marrows, X-irradiated jin vitro in phosphate buf-
fered saline at 23°C, was characterized by a two-term exponential relation-
ship, with a Do of 0.42 + 0.19 and 1.38 + 0.37 Gy, respectively. In the
remaining eight cases, where the plating efficiency was 10X lower, survival
followed a simple exponential function with D o = 1.18 + 0.15 Gy. These
results illustrate the importance of optimizing the plating efficiency of bone
marrow progenitor cells if their different sensitivities to radiation are to be
observed.

r).2.1.3 Effects of Light, Temperature and Superoxide on Progenitor Cells

A surface plating procedure, developed previously while we were
studying the radiobiologlcal response of pleuropneumonia-like organisms [Can.
J. Microbiol. 20, 307-320, (1974)], was adapted to permit fresh human bone
marrow progenitor cells to develop colonies of white blood cells in the myeloid
series on solid agar. The colonies consisted principally of granulocytes,
inonoeytes and raacrophages. With this assay, it was found that a fraction of
the progenitor cells was inactivated by a brief (_< 5 min) exposure to super-
oxide radicals, generated photochemically from riboflavin. The loss in pro-
liferative capacity depended on the illumination time and individual nature of
the donated specimens. Protection of the progenitor by active superoxide dis-
mutase was vary good for short illumination times but depended on the tempera-
ture. Inactive superoxide dismutase and active catalase did not protect the
cells, indicating that superoxide radicals per se inactivated a fraction of the
progenitor cells. These results have been published [Res. Coramun. Chem. Path.
Pharmacol. _57, 107-116, (1987)].

5.2.1.4 Flow Cytometry Studies

The mononuclear cells from fresh human bone marrow were analyzed by
flow cytometry. From the rectilinear distribution obtained by plotting the
intensity of light scattered in the forward and right angle directions, three
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regions of interest were identified. Cells from each region were sorted by
flow cytoraetry and then cultured under conditions that permitted myeloid pro-
genitor cells to form colonies. It was found that only one region contained the
majority of the myeloid progenitor cells. The sorted progenitor cells yielded
colonies at a plating efficiency that increased in proportion to the percentage
of progenitor cells within samples. Thus, it was established that flow
cytometry was useful in identifying and sorting human bone marrow progenitor
cells•

5.2.1.5 Development of SOD Assays

The objective of these studies is to measure the level of human
cuprozinc and manganese superoxide dismutase (SOD) in both active and inactive
states, in cultured cells by Western blots and enzyme-linked immunosorbent
assay (ELISA). Both techniques utilize monoclonal antibodies (MAb).

Conditioned media from three hybridoma cell lines, producing mono-
clonal antibodies to human cuprozinc SOD (in active and inactive form) and
human manganese SOD (active) were generated- After processing, 75 mg of MAb
have been purified from two of the media.

The MAb were shown to be free of contaminating proteins by poly-
acylamide gel electrophoresis and by high pressure liquid chromatography. The
third conditioned medium awaits processing.

A serum-free growth medium for culturing the hybridomas has also been
developed. It leads to lower costs and simplifies the MAb purification pro-
cedure.

5.2.2 CULTURED HUMAN LYMPHOCYTES FROM BONE MARROW AND PERIPHERAL BLOOD
- A.U. Lobreau, S. Delaney, M.D. Sargent and J.G. Szekely

5.2.2.1 Development of Cell Culture Conditions

A protocol for assaying the colony-forming ability of normal blood
lymphocytes in semi-solid agarose is being developed. A variety of media,
supplements and procedures have been tried. To date success in growing lym-
phocyte colonies has only been achieved using fresh human blood lymphocytes,
and culturing them in the presence of lethally irradiated THP-1 human mono-
cytic leukemia cells, lectin, and gibbon lymphoma cell conditioned medium.
Using this protocol, plating efficiencies of about 1% have been achieved. These
studies are continuing, with the eventual aim of characterizing monoclonal
lymphocyte lines with regard to lineage, radiation sensitivity, and radiation
protection by anti-oxidant enzymes. As well, this work will be extended to
lymphocyte colonies from bone marrow precursor cells.

A protocol has been developed to continue growth of T-lymphocytes
beyond the 30- to 60-day 'crisis period1 usually seen when long-term T-cell
cultures are attempted. Cultures of T-lymphocytes from peripheral blood are
being kept in what appears to be continuous growth by monthly restimulation.
Thus, long-terra culture has been achieved. Studies are continuing in order to
define the optimum growth and re-stimulation conditions and to extend these
results to cells derived from human bone marrow.
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5.2.2.2 Radiobiology

Survival of several normal and leukeraic human T-lymphocyte cell lines,
established from peripheral blood, has been measured using trypan blue dye
exclusion as a criterion of viability. A radiation dose of 1 Gy had a
significant effect on cell viability over a two-day observation period. One
T-lymphocyte line, which was generated in our laboratory from a patient with
rayelogenous leukemia, was more radiosensitive than the cell populations from
normal donors.

Preliminary experiments with virus transformed B lymphocytes (with
N-E. Centner and D.P. Morrison, CRNL), have been carried out to test if our
flow cytometer-based, radiation sensitivity assay, which was developed for
T-cell cultures, would give results similar to those obtained in the grow-back
assay. Four of the five cell lines gave comparable results. However, further
work is required to find out why one line was anomalous. Since the flow
cytometer assay measures cell death after two to three days, rather than
long-terra survival, the two methods measure different end points at different
times and may not always give identical results.

5.2.2.3 Flow Cytometry

Since ionizing radiation can suppress the immune response, it was of
interest to study the effects of radiation on the surface receptors of human
lymphocytes. The leukemLc T-cell MOLT-4 is radiation sensitive and carries the
T6 receptor, which is expressed on cortical T-lymphocytes. The effect of
radiation on the surface density of T6 was measured by indirect immunostaining
using flow cytometry. The right-angle scattering and axial light-loss signals
from MOLT-4 cells generated a scattergram with distinct regions corresponding
to live and dead cells. The fluorescent signals was gated on the live cell
region. Thus, the density of anti-T6 binding was measured on live cells, even
though there was significant radiation-induced cell death. Antibody binding
increased in irradiated cells. Binding peaked at approximately 2 Gy and began
to decrease by 3 Gy, although it remained higher than in unirradiated con-
trols. The increased binding at low doses suggested that the membrane recep-
tors became more accessible after irradiation.

Samples of 6 EBV virus transformed B-lymphocytes were stained with
fluorescently labelled Bl antibody to confirm the B cell phenotype (with N.E.
Gentner and D.P. Morrison, CRNL). The analysis region was placed around the
live-cell portion of the cytogram and green FITC fluorescence intensity was
measured on cells in this region. Antibody staining ranged from 64 to 85%
positive cells, confirming that these cells carry the B cell marker.

The chemical lonidamine is being tested as an anti-cancer agent on its
own and with hyperthermia (by G.P. Raaphorst, Ottawa). The T-lymphocyte line,
MOLT-4, has been exposed to lonidamine in the 0-1 to 0.4 mMol/L range. Flow
cytotnetry showed that there was little cell death at 24 or 48 h after a 1-h
exposure, even though electron microscopy showed large scale mitochondrial
damage.
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5.2.2.4 Ultrastructure Microscopy

Work is continuing on the subcellular localization of SOD in thin
sections of human blood and bone marrow cells using immunogold. We are using
the LR White embedding medium and a new formulation of Lowicryl to try to
eliminate background staining.

Samples of B-lymphocytes, immortalized by infection with EBV, have
been embedded and observed in the electron microscope. No free EBV particles
were observed. The four cell lines had a similar morphology.

Transmission electron microscopy has confirmed damage to the mito-
chondria in MOLT-4 cells exposed to lonidamine at low pH (6.7), while cells
exposed at normal culture conditions (pH 7.4) remained undamaged. The damaged
mitochondria were morphologically normal within 10 min after the cells at pH
6.7 were returned to fresh media at pH 7.4. Thus, the mitochondrial damage
caused by lonidamine in MOLT-4 T-lymphocytes appears to be rapidly reversible
once the drug is removed.

5.2.3 STUDIES WITH HUMAN PROMYELOCYTES (HL-60)
- M. Einspenner, M.D. Sargent, E.I. Azzara and A. Petkau

5.2.3.1 Radiation Survival

Radiation survival responses for HL-60 under air saturated conditions
have been obtained. The mean D o is 0.89 + 0.14 Gy (N = 7). Some experiments
to define the oxygen enhancement ratio have been done. However, the protocol
to irradiate the cells under N2 needs further refinement.

5.2.32 Induction of Superoxide Dismutase (SOD)

The objective of this study is to measure the level of Cu, Zn-SOD and
mRNA at different stages of the cell cycle and following irradiation or
exposure to superoxide radicals.

In the initial experiment, HL-60 cells in early log phase were exposed
to a photochemical source of superoxide radicals for a short period and then
harvested at different times up to 96 h. Total RNA was extracted from the
treated and control cells by a single-step isolation procedure that eliminated
expense and the extended use of ultracentrifugation. The extracted RNA has
been electrophoresed on formaldehyde agarose gel and transferred to nitrocell-
ulose paper (Northern Blotting). Hybridization experiments using 32p_
labelled human Cu, Zn-SOD cDNA are in progress (with Dr. P. Lam, Manitoba
Institute of Cell Biology). The transcriptional or post-transcriptional
regulation of SOD mRNA following irradiation will be investigated.
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5-2.4 MOLECULAR RADIOBIOLOGY
- R.P. Whitehouse, M-D. Sargent, D.P. Heller and C.L. Greenstock

5.2.4.1 Conformational Studies

Experience with the convolution-deconvolution method of lifetime
analysis has revealed a difficulty in resolving long-lived fluorescence sig-
nals. Experiments with different flash lamp pulse widths are being perfomed to
establish whether the problem is due to the way the instrument response
function is established, the deconvolution analysis, or the inherent uncer-
tainty associated with the long-term operation of the Fluorescence Lifetime
Instrument (FLI). One way of eliminating such problems is to use a tunable dye
laser with a shorter pulse width and essentially delta pulse shape.

Experiments in cooperation with P. Unrau at CRNL have shown that the
FLI can lesolve the B to Z transition in alternating purine-pyrimidine
co-polynucleotides, both in terms of the spectroscopic and kinetic properties
of DNA-specific fluorescent probes. Attempts are presently underway to look
for such structural changes in circular double-stranded plasmids and other
DNAs, and well characterized synthetic polynucleotides.

5.2.4.2 Radiation Damage to Macromolecules

Time-resolved fluorescence spectroscopy and gel permeation chroma-
tography are being used to monitor structural and conformational chafes in
nucleic acids and histories, and other protein-DNA, membrane-protein and
DNA-meinbrane interactions.

Recent experiments are concentrating on the incorporation of
fluorescently labelled macromolecules in lecithin liposomes and fatty acid
micelles. Proteins containing tyrosine and tryptophan exhibit intrinsic
fluorescence, but nucleic acids must be chemically linked to, or physically
associated with fluorescent probes. VJork performed at Wallac Oy in Turku,
Finland, while on a technology-transfer project supported by the International
Union Against Cancer, focussed on incorporating europium chelates into DNA and
proteins. We are currently comparing these fluorescent labels with intercala-
ting agents such as ethidium bromide, in terras of sensitivity, selectivity,
stability and their kinetic and spectroscopic properties. Incorporation of
such fluoresently labelled macromolecules into liposomes is part of a co-
operative project being undertaken with T.M. Stepanik and R.E. Mltchel (CRNL),
to study damage migration in cells and mixtures of cellular macromolecules.

5.2.4.3 Kinetics

The Van de Graaff accelerator is being operated in the positive ion
mode and is not available for pulsed electron radiolysis or free radical kine-
tics studies.

Discussions have been held with A. Singh, Radiation Applications
Research Branch, concerning the possible future use of the new accelerator at
WNRE for pulse radiolysis studies.
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5.2.4.4 Metallothionein

We are currently in the process of establishing cultures of mammalian
cell lines having different levels of expression of the raetallothionein gene.
Some hepatoma cell lines have been provided by Dr. J. Koropatrick of London
Regional Cancer Centre, as part of a collaborative project to assess the
potential of endogenous metallothionein as a radioprotector and antioxidant
defence against oxy radical-mediated damage. An Atomic Absorption Spectrometer
is being set up to measure the levels of intracellular metallothionein, in
order to establish whether or not there is a correlation between metalloth-
ionein concentration and cellular radiosensitivity. Attempts will also be made
to monitor protein and non-protein thiols in order to study the molecular
mechanism of radiation modification and the role of free radicals.

5.2.5 RADIATION AND CHEMICAL CARCINOGENESIS
- R.P. Whitehouse, M. Einspenner, M.D. Sargent, D.P. Heller and C.L.

Greenstock

5.2.5.1 Cancer Screening

A series of experiments was carried oi't using the FLI with human
promyelocytic leukemia cell line HL-60, to determine the effect of cell
density, intracellular DNA/dye ratio, counting time and nanosecond time-span on
the results of a two- or three-parameter lifetime analysis of the data. The
data collected prior to the departure of M. Einspenner will be analyzed during
the next four to six weeks.

Several mammalian lymphocyte cell lines with different degrees of
resistance towards Doxorubicin has been obtained from Dr. G.J. Goldenberg,
Manitoba Institute of Cell Biology. The cells are tr> be tested for their
response to X-rays. The FLI will be used to investigate any possible associa-
tion between the conformational state of the genome and/or cell membrane and
drug resistance. Combined studies with DNA- and membrane-specific fluorescent
probes and doxorubicin may shed light on any differences between normal and
transfored cells.

5.3 BIOCHEMICAL TECHNOLOGY

5.3.1 ISOLATION AND CHARACTERIZATION OF GLUTATHIONE PEROXIDASE
- D.E. Ewing, J.A. Vadasz and T.M. Stepanik

(a) Characterization of the Amino Acid Composition of Glutathione
Peroxidase

Nothing to report. At present the samples of glutathione peroxidase
generated In the laboratory are not pure enough to provide accurate data via
amino acid analysis. Once quantities of the enzyme which are sufficient for
N-terminal sequencing are available, the enzyme preparation will be purified to
greater than 95% homogeneity and will be used for amino acid analysis as well
as for sequencing.



5-10

(b) Monoclonal Antibodies to Glutathione Peroxidase (GSH-Px)

Nothing to report.

(c) Isolation of Human Superoxide Dismutase, Catalase and Glutathione
Peroxidase

This project commands our full attention. The problems associated
with the scale-up of the affinity chromatography procedure for glutathione
peroxidase have been overcome and the conditions for this technique have been
optimized. The result is preparations of glutathione peroxidase that are 85-
90% homogeneous.

Chromatography procedures for the purification of human supeioxide
dismutase and oatalase have also been optimized. These enzymes are now being
prepared in reasonable yields with greater than 90% homogeneity.

Presently, the final data required for publication are being gene-
rated.

5.3.2 ISOLATION, PURIFICATION AND CHARACTERIZATION OF THE PEROXIDATION
INHIBITING BITING PROTEIN (PIP)

Purified samples of PIP prepared by the summer student P. Tibbo were
Found i_o be devoid of peroxidation inhibiting activity. The isolation was re-
peated with some modification but the final result was the same. In order to
determine the fate of the enyzme during the purification process, a different
enzyme assay procedure, one which was not affected by contaminating peroxida-
ses in the crude isolates, had to be established. Mr. Tibbo left to resume his
university studies before the assay procedure could be set up.

J. Vadasz joined the present biochemical technology group In October.
Mr. Vadasz has been given the responsibility for estabishing the new assay
system and purifying the enzyme. He has now become familiar with the technical
aspects of the project and is currently determining the conditions required for
the proper development of the assay system.

5.4 PUBLICATIONS AND PRESENTATIONS

5.4.1 Publications

1. IN VITRO RESPONSE OF HUMAN BONE MARROW PROGENITOR CELLS TO SUPEROXIDE
DISMUTASE
A. Petkau, W.S. Chelack, E. Palamar and J. Gerrard
Res. Commun. Chem. Path. Pharmacol. 57, 107-116 (1987)
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2. RADIATION-INDUCED FRAGMENTATION OF DNA AND POLYNUCLEOTIDES AS STUDIED BY
GEL PERMEATION CHROMATOGRAPHY
CL. Greenstock and R.P. Whltehouse
Proc 8th Intl. Congr. Radiat. Res. _1, 11-13 (1987)

5.4.2 Lectures, Presentations, Abstracts

1. RADIATION-INDUCED INCREASE IN T6-ANTIBODY BINDING TO T-LYMPHOCYTES
J.G. Szekely, A.U. Lobreau, S. Delaney and M. Einspenner
J. Cell. Biol. _105, 236a, (1987) (Abstract)

2. REPAIR OF POTENTIALLY LETHAL DAMAGE (PLD) AND THE EFFECT OF HYPERTHERMIA
ON REPAIR OF PLD IN NORMAL AND MALIGNANT C3H 10T1/2 CELLS
G.P. Raaphorst and E.I. Azzam
Radiat. Res. Abstract #BE-26, p. 27 (1987)

3. THE EFFECT OF CHOLESTEROL ALPHA AND BETA EPOXIDES ON CELL KILLING AND
TRANSFORMATION
G.P. Raaphorst, E.I. Azzam, R. Langlois and J.E. Van Lier
Radiat. Res- Abstract #DM-1, p. 79 (1987)

4. CHARACTERIZATION OF AN ANDROGEN AND ZINC-REGULATED GENE FROM THE RAT
PROSTATE
K.J. Leco, A.M. Spence, E. Azzatn, J. Davle, J.G. Dodd and R.J. Matusik
Endocrine Society Meeting, Abstract #100G, p. 273 (1987)

5. CLONING OF A RAT FGF-LIKE raRNA FROM THE DORSAL PROSTATE
S. Shivakuinar, E.I. Azzam, B. Mcdonald and R.J. Matusik
FCSB/PAABS V Meeting, Abstract //WE-PO-142, p. 153 (1987)

6. AN ANDROGEN AND ZINC REGULATED GENE FROM THE RAT PROSTATE
K.J. Leco, A.M. Spence, E.I. Azzam, J. Davie, K. Dewar, J.G. Dodd and R.J.
Matusik
FCSB/PAABS V Meeting, Abstract #WE-P0-140, p. 153 (1987)

7. CLONING OF A RAT FGF-LIKE MRNA AND ITS GENOMIC COUNTERPART
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