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INTRODUCTION - J.C.D. Milton

This seventh semi-annual report on Physics and Health Sciences covers a
period in which AECL's financial problems became acute. In March the
Minister of Energy, Mines and Resources, who is responsible for AECL,
announced that AECL's Research Company could begin operation in the 1989/90
fiscal year as though its parliamentary vote were the same as in the
previous fiscal year, pending a 90-day review of the future of the entire
nuclear industry. The Company thereupon instituted strict financial
controls, including a hiring freeze. One of the many unfortunate
consequences of this action was that Physics and Health Sciences was forced
to cancel its Research Fellow Program. A second has been our inability in
some cases to replace expertise when that expertise resided in a sole
individual who left our employ.

In March of this year Dr. A.M. Marko retired after almost 28 years of
distinguished service to AECL, 24 of them as Director of what became the
Health Sciences Division. Dr. Marko's unique experience in medicine and
biology is sorely missed and impossible to replace. Art's contribution to
AECL and Canada went far beyond that of a Division Director. These
contributions were celebrated at a highly successful "Workshop/Symposium on
Radiation Protection: Past and Future" held at Chalk River
1989 March 20-22, at which noted speakers from four countries paid tribute
to him. Dr. Marko has retained some of his responsibilities, notably those
with the AECB, and we wish him well with those, and with his retirement.
We are fortunate that Dr. D.K. Myers agreed to step in as Acting Director
of the Health Sciences Division. Dave is an internationally recognized
expert on the estimate of risk for ionizing radiation on humans and is
well-qualified to take over most of the duties discharged by Dr. Marko.

In March, following the retirement of Dr. Marko, Physics and Health
Sciences underwent a minor reorganization as will be noticed on the title
page of this report.

The setting up of technical review committees is now complete with
committees for the Health Sciences, TASCC, Physics and Fusion. The
rotation of members through the committees is now well advanced. The third
annual review of TASCC was completed this Spring with the program receiving
high praise, particularly for the progress made in commissioning the
superconducting cyclotron. This year, a decision was taken to review the
Physics programs only every second year, and accordingly there was no
review this Spring. Previously, it had been decided not to review all the
Health Sciences programs every year: this year it was the turn of the
radiobiology and dosimetry programs, since the environmental program had
been reviewed last year. The review was again highly supportive and made
several suggestions for new programs should additional funds become
available. There were also suggestions for improving the focus of our
programs. The role of the fusion committee is rather different, strategic
rather than programmatic review is required since each element of the
program has its own technical review committee. Members of this committee
are appointed for one year only to address specific strategic issues.
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Some Highlights from this Report

The Reactor Stack Effluent Monitor, which is designed to cover the full
range of releases for the main reactor stack at Chalk River, is the subject
of the topical review. The system consists of three complete detector
sets, one for the noble gases, one for radioiodine, and the third for
particulates, all housed in a dedicated building at the foot of the stack.
Control and data inspection are done through the use of up to four video
terminals distributed throughout the site. The system is fully operational
but improvements are still being made to the data handling, particularly in
the smoothing of low level data.

In a rapid response to claims of the discovery of cold fusion, an
electrolysis system with palladium electrodes surrounded by sensitive,
well-shielded neutron detectors was set up. A variety of cells was
investigated but no neutron enhancement over background was detected. A
second set of experiments investigated the system of deuterated titanium
with the same result.

Several improvements have been incorporated in the GENMOD software, which
is being marketed for the assessment of radiation doses from radionuclides.
These include a better method of calculating the distribution of
particulates in respiratory organs, and a reduction in the physical size of
the program.

Development work has been completed on monitoring 147Pm in urine. Liquid
scintillation counting of gross beta activity is suitable for routine
monitoring; high performance chromatography is a powerful tool for
detecting a wide range of elements in follow-up studies.

Attempts are being made to determine the origin of saline waters
discharging at "moose licks" in the Nipigon area of the Canadian shield by
the analysis of various ions and stable isotopes. It appears that these
seepages are not discharges of the deep brines characteristic of the
Precambrian shield: waters from four moose licks differ appreciably
suggesting a regional, surface origin.

Mussel shells are being examined in collaboration with Trent University in
an attempt to determine whether the shells are suitable recorders of
environmental changes in lakes. To date, the trace metal concentrations
seen are very low, but 90Sr and other alkaline earths have been easily
measured in clams taken from Perch Lake. The experiment continues with
mussels being transplanted from contaminated to uncontaminated waters and
vice versa.

Work continues on the grow-back assay of lymphoblastoid cells to screen for
inherited variations in response to genotoxic agents. Previous efforts
have concentrated on polyclonal cell lines. Recently attempts have been
made to use monoclonal cell lines with mixed success: in one case clones
from the same source exhibited varying sensitivities, but the average
agreed with the polyclonal result. In an attempt to speed up these tests
other assays are being examined, including a lymphocyte grow-back assay,
and one based on mitochondrial metabolic activity in lymphoblastoids.
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The second phase of the induction of myeloid leukemia by tritium p rays is
nearing completion; at the end of June only 24 of the original 5 300 mice
remained alive. Preliminary analyses indicate that the effectiveness of
X-rays and of tritium fi rays is very similar.

Publications and Talks

The number of publications and talks in the Health Sciences area of Physics
and Health Sciences in 1988 remained high. The results are:

Calendar
Tear

1986

1987

1988

Lectures

Full
Publications

44

45

44

Unrestricted
Reports

29

6

7

Scientific
Talks

129

158

166

Public Affairs
Talks

44

33

44

General talk on "CRNL and the Nuclear Industry" to North Toronto Collegiate
students
J.D. Hepburn
1989 May 5

J.D. Hepburn participated in three question and answer sessions for Public
Affairs, with groups of new employees and various visiting groups.
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1. HEALTH SCIENCES - TOPICAL REVIEW AND SUMMARY

1.1 TOPICAL REVIEW - REACTOR STACK EFFLUENT MONITOR - R.A. Surette
and R.M. Holford, Dosimetric Research Branch

A major project of the Dosimetric Research Branch over the past
several years has been the design and construction of an effluent monitor for
the main reactor stack at CRNL. This monitor is designed to operate over the
full range of expected releases from normal operating conditions through
abnormal conditions.

Most of this monitor is now complete and is in operation. Some
further refinement is underway with regard to data handling and analysis.
When this is completed in the fairly near future, formal commissioning will
begin.

General Description

The reactor stack effluent monitor is comprised of three detector
sets: noble gas, radioiodine, and paniculate detectors. The time
sequencing, data acquisition, release calculation and data logging are all
handled by one controlling computer.

The major components of the stack monitor are housed in a dedicated
building (Building 109) at the foot of the stack. The noble gas is sampled
separately from the iodines and particulates. All samples are drawn from
isokinetic probes in the stack duct and delivered through a heated channel in
one half inch polyethylene lines.

The stack monitor can be controlled through video terminals at various
locations around the CRNL site. These video terminals present an on screen
menu of selections for access to the stack monitor data or control.

Noble Gas Monitor

Under normal operating conditions, the main source of gamma rays in
the stack effluent is noble gas activation products. A small amount of
fission products may also be present. During abnormal operation, larger
amounts of fission products may be present.

To cover the detection range of the noble gas monitor, two detectors
are used. For the low range, a sensitive GM tube is located at the center of
a large sampling chamber. For the high range, a very insensitive GM counter
is located at the center of a small chamber (Fig. 1). Further extension of
the range is achieved by using electronic circuits to reduce the effects of
counting loss. The two detectors and check source are housed in a lead
castle.
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FIGURE 1. Schematic of noble gas monitor showing low range chamber, high range chamber
and Am-241 cal ibra t ion source.
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Sampled stack gas is routed through the chambers and a release rate
calculated from the GM tube pulses. Prior to entering the detection chamber,
the sampled gases are filtered to remove particulates and radioiodines by a
paper filter and activated charcoal. This filtration is required to ensure
that only noble gases will be measured and to avoid contamination of the
chambers.

The measurement period of the noble gases is based on a series of 12,
five minute cycles. These cycles are arranged so that both the high range
and low range detectors are routinely checked against an Am-241 source.
Clean air is drawn into the appropriate chamber to allow both a background
count and a calibration count to be made. During the time that these
operational tests are being performed, the stack release rate for that period
is calculated using the other detector. That is, if the low range detector
is being checked, the stack gas will be routed through the high range
detector and that measurement used to calculate the release rate for that
cycle. If the background and calibration of the high range detectors is
being measured, the release rate will be calculated using the low range
detector.

Iodine and Particulate Monitor

The iodine and particulate monitors measure radioiodine-131 equivalent
and total particulates. The iodine and particulate monitor consists of five
similar filter change mechanisms (Fig. 2). A sample delivery system,
controlled by the processor/controller, alternately (every five minutes)
routes either stack gas or clean air through a specific iodine and
particulate detector. The activity collected on the filters is measured only
when clean air is passing through the filter. The two identical particulate
detectors have a sufficiently large detection range to measure any credible
release. The particulate detectors use a thin plastic scintillator as their
active element.

The iodine monitor consists of a low, medium and high sensitivity
detector. On "high range" the low and medium sensitivity detectors are used
alternately, while on "low range" the medium and high sensitivity detectors
are used alternately. Figure 3 is a simplified schematic representation of
the iodine and particulate sampling system showing the relationship between
the detectors.

The stack sample is routed from the stack duct via polyethelene
sampling lines to a particulate detector, which contains a fiber filter,
where particulate beta emitters are trapped. The sample is then directed
through the iodine detector, which contains a charcoal filter, before
returning to the main stack. Prior to the charcoal filter a trace quantity
of inactive bromine vapour is introduced into the sample flow.
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The filters for the iodine and particulate monitors are changed
routinely by a filter change mechanism based on a rotary turntable. The
activity measured on the filter by the appropriate detector is a measure of
the intergrated activity since the filter was last changed. A feature of
this technique is that the counting rate for the detector can be limited,
even for high release rates by frequent filter changes. The particulate
detector is up-stream of the iodine detector and acts as a pre-filter for the
iodine detector.

Under normal operation, the sampled stack gases alternate every 5
minutes between flowing through one particulate detector (PI) and the high
sensitivity iodine detector (II) and for the next five minutes, through the
other particulate detector (P2) and the medium sensitivity iodine detector
(12). If the iodine release rate is sufficiently high, the flow will be
directed through the low sensitivity iodine detector (13) rather than II.
Mass flow controllers maintain the flow through the particulate and iodine
detectors to be proportional to the actual stack flow rate. Different flow
rates are used for each of the three iodine detectors in order to further
increase the dynamic range.

The iodine monitor uses Nal scintillation detectors and their signal-
processing circuits include window discriminators that select only gamma-ray
photons in a fairly narrow energy band around the principal emission of 1-131
at 364.5 keV. To ensure that the discriminators stay in adjustment,
Americium-241 is incorporated into the Nal scintillation crystals, and a
combination of computer logic and electronic circuitry is used to hold these
pulses (of effective energy of about 3 MeV) to a constant amplitude at the
discriminators. Automatic gain adjustment is achieved by electronic control
of the high voltage applied to the photomultiplier tubes.

Processor Controller

The processor/controller is an industrial version of an IBM personal
computer and includes a battery-backed real time clock. It computes the
product of activity times energy of noble gases and the activity of
particulates and radioiodines released. It also controls the sequencing,
timing, logging and displaying of status of the stack monitor.

The signals from the noble gas, particulate and iodine detectors are
processed by signal conditioning circuits for each detector before being
routed to dedicated sealers, which are part of the processor/controller. A
separate micro controller provides the interface between the
processor/controller and the particulate and iodine filter changers and flow
control actuators.

The processor/controller software calculates the 5-minute release rate
for the noble gas, iodine, and particulate monitors. This information is
stored and accumulated to give the release totals for the last 8 hours and
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the daily release. The 5-minute release data is stored for the previous 24
hours. The daily releases for the previous 7 days, weekly releases for the
last 13 weeks, and monthly releases for the previous year are also recorded
and stored.

The processor/controller also checks the condition of system
operation. Error messages for abnormalities such as incorrect flow rates,
calibrations out of range, background counts out of range, detector
stabilization failures, filter change mechanism errors and release rates
exceeding preset limi's are some of the messages that can be generated.

An on-line printer provides a permanent log of the status and data of
the stack monitor. Along with the printer information, a floppy disk file is
produced for each day. The information on the disk file is the same as on
the printer output.

The system is configured to handle one local and four remote video
terminals. Only three remote terminals are currently installed: one in
building 513, one in NRU reactor (building 150) and the other in the R & IS
Branch Office. All terminals have equal priority; that is, the stack monitor
can be controlled from any of the remote terminals. Access to sensitive
information that can affect the operation of the system, such as alarm set
points and calibration factors, is prevented by the requirement of a
password.

Current Status

The stack monitor has been operating for the last six months. The
proper sequencing and data collection and recording has been verified.
Because the release rates for iodines and particulates rely on a differential
of activity collected on a filter, the signal to noise ratio tends to be low.
A data smoothing algorithm is being implemented to improve the low level
sensitivity. When the data smoothing is debugged, commissioning of the full
stack monitor will begin.

Acknowledgemen t

The development of the reactor stack effluent monitor has been a
complex task and has involved many people including: G. Cowper, R.M.
Holford, A.R. Jones, E. Long, A.H. Ohno, B.A. MacDonald, R.G.C. McElroy, J.
Morallee, W.F. Richter, L. Shankland, and R.A. Surette.
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1.2 SUMMARY - D.K. Myers

1.2.1 Dosimetric Research Branch

Following preliminary reports on cold fusion, a number of experiments
aimed at detecting neutrons from deuterium contained in titanium were carried
out. Under the conditions of these experiments, no neutron emission could be
conclusively demonstrated.

An improvement in methods for measuring thermal neutron doses is being
investigated. In this approach, a paste consisting of boron nitride is
painted on a small area of the CR-39 neutron dosimeter; the tracks of alpha
particles generated in this paste by thermal neutrons are detected in the CR-
39 dosimeter.

A flexible liquid UV light guide was explored for use in the existing
automatic TLD reader. This UV guide will not improve the existing personal
dosimeter system, but should be incorporated into the reader if the new LiF
(Mg, Cu, P) dosimeters are proven and brought into service. Two TLD readers
were evaluated for their performance in measuring extremity dosimeters. The
less expensive reader performed as well as the more costly reader for doses
up to 68 Sv, and a method to correct for errors above 68 Sv was developed.
VINTEN extremity dosimeters were found to be several times less sensitive to
X-, gamma- and beta-rays of high energy than the Teflon extremity dosimeter
currently in service at CRNL, but to be more sensitive to low energy beta-
rays such as those from Pm-147. Methods used earlier to calculate radiation
doses at different depths in tissue from beta-rays emitted from the surface
of the skin have been re-evaluated and found to provide accurate data.

Studies are continuing on the metabolism of organic-bound tritium
(OBT) formed in skin after exposure to metal surfaces contaminated with
tritiated hydrogen gas. Much of the tritium on these metal surfaces is in a
form whose vapour pressure is lower than that of water. High concentrations
of OBT are found in the exposed skin of rats while lower concentrations
appear in unexpcsed skin, in other tissues and in urine. The half-life of
the OBT initially excreted in urine is shorter than that of the tritiated
water that is also excreted. The procedure used for OBT-in-urine analysis is
based on cold temperature distillation; less cumbersome methods for routine
bioassay of OBT-in-urine are being investigated. We are also attempting to
develop a bioassay method based on OBT in hair to assess uptake for an
individual exposed to tritium-contaminated surfaces. The performance of the
first generation of passive samplers for measuring concentrations of
tritiated water and of total tritium in air has been evaluated.

Several improvements have been incorporated into the GENMOD software
which is being marketed for assessment of radiation doses from internal
radionuclides. These include an improved method of calculating the
distribution of particulates in the respiratory organs, a choice between two
methods of averaging calculated intakes of radionuclides, and a reduction in
the physical size of the program.
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A review of the literature on biological dosimeters has been
completed. The biological dosimeters studied so far are usually inadequate
to quantify low radiation doses in the region of 50 mSv or less. Methods for
improving these techniques have been suggested.

The stack effluent monitor at CRNL has been performing reasonably
well. Further details on this stack monitor are given in the attached
"Topical Review". The sampling pumps for the noble gas monitor have been
replaced with diaphragm pumps of higher capacity and a second password has
been added to the controlling software to restrict access. Further
improvements in methods for calculating daily releases of small amounts of
radioactive iodines and particulates will be implemented.

Development work has been completed on methods for measuring Pm-147 in
urine. A technique based on liquid scintillation counting of gross beta
activity is suitable for routine screening of radiation workers. A second
method developed by the General Chemistry Branch utilizes high performance
liquid chromatography; this permits separation of a wide range of elements
and nuclides and is a powerful tool for analysis of follow-up samples.

Transfer of the external dosimetry data base for AECL employees from
NOS/BE to NOS was achieved without major problems. A non-erasable optical
disc is being considered as an alternative and more satisfactory method for
archiving of dosimetry records. Improvements in the software for data
acquisition systems for the bioassay service and in vivo monitoring are
continuing satisfactorily. A major effort has been directed to accelerating
documentation on quality assurance in the CRNL dosimetry program.

Scientists from Dosimetric Research Branch continue to be actively
involved in the preparation of reports by the Canadian Working Group on
External Dosimetry, in preparation of a report for the International
Commission on Radiation Units and Measurements, and as chairman of the
Canadian Technical Sub-Committee on Radiation Protection Instrumentation.

1.2.2 Environmental Research Branch

Studies on interactions between groundwater and streamwater have
continued. A large number of water samples have been collected;
interpretation of recent data will commence when analyses are completed later
in the year. The acid neutralizing capacity of sediments from two regions
has also been examined as an indicator of a watershed's potential sensitivity
to acidic precipitation.

The origin of saline waters discharging at "moose licks" in the
Nipigon area on the Canadian Shield has been studied by analysis of the
concentrations and ratios of various ions and stable isotopes (0-18, D) in a
variety of water samples. It appears probable that these seepages of saline
waters at the earth's surface do not represent discharge of the very deep
brines characteristic of the Precambrian Shield. Saline waters at the four
"moose licks" examined vary appreciably in ion ratios, indicating variability
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in the evolutionary paths of the waters discharged at each lick. The data
suggest that these saline seepages are a surface manifestation of a regional,
relatively shallow saline groundwater that coincides with a sedimentary rock
formation.

The major portion of a series of in situ field column experiments to
assess the transport of six long-lived radionuclides in overburden under
nearly natural hydrogeochemical conditions has been completed. The
geochemical analytical results, coupled with geochemical modelling results
based on the program MINTEQAI, have established that the downhole column
technique has been developed to a stage where we can confidently carry out
experiments under conditions that are representative of the in situ
geochemical environment. At the site used, rock waters are discharging to
groundwater in the overburden. Iodine transported in the groundwater passing
through the downhole column was present predominantly as iodide ion. Most of
this iodine was highly mobile in these short time frame studies; with longer
periods of exposure, iodide in solution may become complexed by natural
organics and undergo substantial retardation. A large portion of the Tc,
loaded onto the columns as a completely dissolved anionic species, was
strongly sorbed onto the sediments in the column even under the mildly
reducing environment applicable in this study. The transport behaviour of Sr
in the field column study agreed very well with the detailed data previously
available for Sr migration in the groundwaters at Chalk River. Np mobility
was strongly retarded even under the mildly anaerobic conditions of this
study; the nature of the sorption process is not clear. The strong
retardation of Am under mildly anaerobic conditions, that are likely
representative of the majority of groundwaters at sites of discharge to the
overburden, is the most significant finding of this work. The results
highlight the role of colloids and complexation (probably by organics) in the
release and/or transport of Am, and are consistent with the observed
transport of Am at very low concentrations in contaminant plumes at CRNL.
Strong retention of Pu under most geochemical conditions is predicted; the
results of the present study confirm that prediction, and also confirm our
earlier conclusion that strongly sorbed Pu can be released and transported as
colloidal or pseudocolloidal particles and complexes (likely organic).

Further studies with biocides in the downhole columns suggested that
microorganisms present in the groundwater and sediments of our site have no
detectable effect on the release and transport of Tc. However, the biocide
treatment did produce appreciable changes in the release rates for Pu and Am,
which appear to be a function of the metabolic activity of microorganisms in
the column.

We have completed a sensitivity analyses of our mass balance model
describing the behaviour of trace elements and nuclides in Perch Lake. We
have concluded that for close to steady-state conditions the most important
variable is the ratio of the distribution coefficients (KD) in the water and
in the sediments. Our previous simulations assumed that this ratio was one.
To test this assumption, we measured the KD of several elements in the bottom
sediments. The KD of all of the elements tested was 10 to 1000 times lower
in the sediments than in the water. This new information has been
incorporated into our assessment models.
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Work has been started in collaboration with Trent University to test
mussel shells as recorders of environmental changes in lakes. Concentrations
of several radionuclides (210Pb, 137Cs and 60Co) in the aragonite layers of
the shells were below our detection limits using conventional techniques.
Trace metal concentrations in the clam shells tested to date are also very
low. However, 90Sr and other alkaline earth elements were easily measured in
the shells of organisms collected in Perch Lake. To test pollutant
accumulation in shell material, we initiated a series of reciprocal
transplants by moving animals from uncontaminated environments into
contaminated environments and vice versa during the fall of 1988. The first
transplanted clams were collected from Perch Lake during June 1989. All of
the clams survived the handling and the winter conditions in the lake.
Preliminary analysis of organisms transplanted into Perch Lake indicates that
the soft tissues and the shells contain higher levels of radioactivity than
that measured prior to their exposure to Perch Lake water.

Natural seepage zones can be important in modifying the chemistry of
discharging groundwater, as for example in the precipitation (accumulation)
of heavy metals. A number of problems provided incentive for setting up a
laboratory system for the study of seepage phenomena. This facility includes
four fibreglass tanks, each containing Chalk River sand over layers of coarse
sand and screen. In tank 1, groundwater pumped from a bedrock well flows
downward through a thin layer of peat overlying the sand to maintain anoxic
conditions at low flow rates; simulated groundwater discharge conditions are
created by piping water from the base of tank 1 to the base of the other
three tanks where it flows upward through the sand to mix with CRNL tapwater
of different chemical composition. The chemical composition of the
"groundwater discharge" is changing; experiments will commence in about a
month after chemical profiles have stabilized.

A program to estimate groundwater recharge from Lake 233 to the
aquifer beneath the lake is continuing. Infiltration rates estimated by two
methods were in good agreement, while a third method provided a rate which
was five-times lower. Possible sources of error in the third method are
being explored.

Active collaboration continues with the IAEA program and with the
international BIOMOVS program on model validation. The penultimate meeting
of BIOMOVS will be held in November in Ottawa and will be jointly hosted by
AECL and the Atomic Energy Control Board. Two of the scenarios considered
are terrestrial and aquatic food chains after Chernobyl; observational data
as functions of time following contamination are being compared with those
predicted by various models in a search for any major errors.

Following the detection of elevated levels of tritiated water which
discharged from CRNL into the Ottawa River on 88-12-08, a previously
developed simulation model of the river was applied to provide a rapid
initial estimate of the movement of the contaminated plume down the river.
Two sources of error caused the integrated total HTO activity at Pembroke to
be over-estimated by a factor of 2 in the initial simulations. The simulated
total activity of HTO at Chenaux agrees (within experimental error) with the
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measured integral of 3.8 x 10s GBq. Based on this analysis, the mean
integrated dose from the HTO released during the entire event was extremely
small. Air samplers were deployed around the plant area during the day of
the tritiated water release. At no time after sampling commenced was there a
significant health hazard due to tritium in the outside air, either on site
or off site.

The Waste Management Technology Division is considering a region
between Lake 233 and Twin Lake as a site for a low level waste disposal
facility. In 1989 February, they sought assistance in predicting the effects
of a groundwater cutoff wall along the upgradient and lateral margins of the
proposed facility. The wall would serve to flatten the water table and
reduce groundwater flow velocities beneath the waste management area.
Results of the simulation indicate that the water table would rise by a
maximum of 1.5 to 2 m on the upgradient face of the hydraulic barrier and
that maximum flow velocities will occur at the corners between the upgradient
wall and the two lateral walls. Perturbations of the surrounding flow
systems are not substantial.

Three surveys of atmospheric HT and HTO concentration downwind of the
reactors have been carried out under different wind directions and snow cover
to obtain base line data for studying the dispersion of any tritiated
hydrogen releases from the Tritium Extraction Plant when it becomes
operational.

The Environmental Research Branch also provides a broad range of
routine analytical and monitoring services in support of other programs
within the Branch, with external agencies, and within CRNL. The methods,
techniques and facilities in use are continually being developed and expanded
to meet changing demands. Details of these routine analyses and of the new
techniques being introduced will be found in section 3.5 of the present
progress report. Activities associated with these monitoring and analytical
services are closely linked with the research activities mentioned above.

1.2.3 Radiation Biology Branch

Research is progressing on the growback assay previously developed at
CRNL to screen in vitro for inherited variations in the sensitivity of
individual humans to radiation and other genotoxic agents. Following the
earlier analysis of the radiosensitivity of lymphoblastoid cell lines from a
population of workers, some 240 lymphoblastoid cell lines from cancer
patients, largely from the Ottawa Regional Cancer Clinic, have been
established; strains from about 150 donors with cancer have been tested to
date. Abnormal radiosensitivity was frequently observed in the cell lines
obtained early in this sequence, suggesting that the clinicians were
selecting cancer patients of specific clinical interest. More recent samples
which were selected on a random basis tend to demonstrate a higher frequency
of radioresistance among the cancer patients. In one selected cancer patient
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group, namely those exhibiting acute radioreaction in the clinic, the
growback assay did identify these donors as being highly sensitive to
radiation. Responses to another genotoxic agent, mitomycin C, are also being
explored; the present assessment indicates that breast cancer in females may
be associated with hypersensitivity to this agent.

The growback assay utilizes cells of polyclonal origin, that is to
say, individual lymphoblastoid cell lines are derived from a large number of
white blood cells from each donor. Procedures were developed to test the
sensitivity of cell lines each of which was likely derived from a single cell
in the blood sample. In one case, all 8 clones developed from one individual
gave consistent growback ratios while in a second case, some clones appeared
to be more radiosensitive than others. This means that, depending on which
cells grow, different instances of strain development could contain initially
lines of differing radiosensitivity. In both cases, the polyclonal line on
a "reconstructed" polyclonal line appeared to give a result in the normal
range, that is, the "mixed" response appears to be dominated by those of
greater radioresistance.

Work in Europe on frequency of chromosomal aberrations in blood cells
of ARW's indicates that these fail to reflect the exposure history of the
individual. We had suggested to the UKAEA that anomalously high frequencies
might be expected in persons possessing abnormal repair competence. A
collaborative study was carried out with blood samples from 16 CRNL
volunteers plus 3 NRPB (U.K.) workers to compare the correspondence between
the results obtained by the growback assay and by other methods for measuring
variations in individual radiosensitivity. Each blood sample was coded and
split into four portions for lymphocyte chromosome aberration analysis,
lymphocyte micronucleus assay, lymphoblastoid growback assay and lymphocyte
growback assay. Scoring of the data will not be complete for several months.

A lymphocyte growback assay was developed previously as an alternative
to the more time-consuming assay on lymphoblastoid cell lines. Approximately
50 fresh blood samples from cancer patients from the Ottawa Civic Hospital
have now been run through this assay. The data do not show any obvious
differences in the distribution of radiosensitivities of lymphocytes from
CRNL volunteers and from cancer patients, in contrast to the results obtained
with lymphoblastoid cells; statistical analyses have not yet been carried
out. Lymphocytes from one patient with systemic lupus erythematosis have
also been tested; the radiosensitivity appeared to fall in the normal range,
although other in vitro assays suggest that patients with this disease are
hypersensitive to radiation. For reasons we do not understand, this
particular assay seems to be missing at least some instances of
hypersensitivity. Another alternative assay for radiosensitivity is being
developed, based on mitochondrial metabolic activity in lymphoblastoid call
lines.

The mouse skin tumor system has been used to examine interactions
between radiation and a chemical carcinogen. Beta-radiation does not act as
a complete promoting agent or as a stage II promoter in this system but does
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show a weak effect as a stage I promoter. Skin tumors collected from earlier
experiments are being studied for expression of oncogenes. Particular tumors
have shown increased expression of oncogenes, of growth factors or of
normally switched-off enzymes. Each tumor appears to have a unique pattern
of alteration. Parallel studies have been initiated using a more rapid
"transforming" assay with a mouse embryonic fibroblast line to study
development of malignancy. The yield of malignant colonies after combined
exposure to a chemical carcinogen plus gamma radiation is less than additive;
this suggests a protective effect of radiation similar to that observed
earlier in the mouse skin tumor assay. These preliminary studies are being
extended.

Other studies are concerned with the molecular mechanisms involved in
the biological effects of heat and radiation. The results suggest that heat
may act to signal the induction of a recombinational DNA repair system in
yeast cells by inhibiting the action of the DNA winding enzyme topoisomerase
I; it is hypothesized that radiation may signal the induction of the
recombinational repair system by producing DNA damage. Inhibition by heat of
the ability of cytotoxic T-lymphocytes to lyse malignant target cells is not
due to killing of these lymphocytes or to inhibition of their ability to bind
to the target cells, but appears to result from disruption of microtubule
organization in the lymphocytes. Inhibition of the activity of human natural
killer (NK) cells by high radiation doses is, on the other hand, due to
inhibition of their ability to bind to target tumor cells; this inhibition
can be prevented by lymphokines like interleukin-2 which bind to the surface
of NK cells. Like the NK cells from human blood, NK cells from rat lung,
spleen and blood are temporarily inhibited by heat treatment. The activity
of rat NK cells is stimulated in vitro by either interleukin-2 or y-
interferon even after partial inhibition by heat; the heat sensitive target
in NK cells does not involve the interferon receptor site but does depend on
processes stimulated by interferon.

Equipment and techniques have now been set up to use monoclonal
antibodies to screen for radioprotective enzymes in drug-sensitive and drug-
resistant clones of murine leukemia cells. Installation of the fluorescence
lifetime instrument to study DNA conformation in control and transformed cell
lines is complete. An electron spin resonance spectrometer has also been
installed for work on a variety of projects including potential development
of a biological dosimeter and exploration of molecular mechanisms involved in
carcinogenesis.

A new method is being explored to look for mutational changes in DNA.
The use of programmable thermal controllers is essential for this work; these
controllers have been added to the list of items available for sale under the
tradename Hypercell Biologicals.

The second phase of the cost-shared project on induction of myeloid
leukemia in mice by X-rays and tritium beta-rays is approaching completion;
only 24 of the original 5,300 mice remained alive at the end of 1989 June.
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To date, the number of mice with myeloid leukemia in the X-ray and tritium
groups appears to be similar, based on post-mortem reports and blood
analysis. Confirmation of these preliminary diagnoses by histological
examination of tissue sections is underway.

Preparations have begun for the initiation of an animal study on the
toxicity and possible carcinogenicity of inhaled uranium ore dust, and for
addition of another 3 years of mortality data to the follow-up of long-term
CRNL employees.

1.2.4 Divisional Office

A Workshop/Symposium on Radiation Protection: Past and Future was
organized and held at CRNL, 1989 March 20-22, with financial support from
Atomic Energy Control Board, Health and Welfare Canada and Ontario Hydro as
well as the AECL Physics and Health Sciences PRC. The proceedings of this
symposium, consisting of 35 papers from various countries, are currently
being published as an AECL report.

The research activities of Dosimetric Research and Radiation Biology
Branches were reviewed by a Technical Review Committee consisting of
scientists from Atomic Energy Control Board, Battelle Pacific Northwest
Laboratories, Health and Welfare Canada and Ontario Hydro on 1989 April
17-18. This review contained some interesting suggestions for additional
future directions if funds were available, and was in general highly
supportive of the work that had been carried out over the past two years
since the last technical review.

At the Tenth Annual Meeting of the Canadian Radiation Protection
Association on 1989 May 1-3, annual awards for distinguished achievement were
presented to five scientists, four of whom were previous or current employees
of AECL. In addition, D.K. Myers was invited to give the keynote address on
"Radiation protection issues of the 1990's".

Final revisions were made to a manuscript on "The general principles
and consequences of environmental radiation exposure in relation to Canada's
nuclear fuel waste management concept", which is being published as an AECL
report.

1.2.5 Lectures and Presentations, Divisional Office

REMINISCENCES: SOME HITS AND SOME MISSES
A.M. Marko
Workshop/Symposium on Radiation Protection: Past and Future, CRNL, 1989
March 20-22.

RELATIVE RISKS AND OCCUPATIONAL EXPOSURE TO RADIATION
D.K. Myers and M.M. Werner
Workshop/Symposium on Radiation Protection: Past and Future, CRNL, 1989
March 20-22.
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RADIATION PROTECTION ISSUES OF THE 1990'S
D.K. Myers
Keynote address, Tenth Annual Meeting of Canadian Radiation Protection
Association, Victoria, B.C., 1989 May 1.

1.2.6 Seminar Speakers - Health Sciences

THE BEHAVIOUR OF DENSE NONAQUEOUS PHASE LIQUID CONTAMINANTS IN HETEROGENEOUS
POROUS MEDIA
B.H. Kueper
Waterloo Center for Groundwater Research, University of Waterloo, Waterloo,
Ontario
1989 February 21

ENVIRONMENTAL FATE OF 137Cs AND Hg DISCHARGED FROM THE OAK RIDGE FACILITIES
INTO THE TENNESSEE RIVER RESERVOIR SYSTEM
C.R. Olsen, ORNL
1989 March 15

MOLECULAR IDENTIFICATION OF MUTATIONS INITIATING HUMAN CANCER: THE
RETINOBLASTOMA STORY
Brenda L. Gallie
Hospital for Sick Children, Toronto, Ontario
1989 April 11.

SOME CONCEPTS OF CONTAMINANT TRANSPORT IN FLOWING GROUNDWATER
K. Fujinawa
Shinshu University, Matsumoto, Japan
1989 June 6.

ISOTOPIC AND GEOCHEMICAL STUDIES OF GROUNDWATER RESOURCES AND
PALEOCLIMATOLOGY IN THE SULTANATE OF OMAN
I. Clark
Dept. of Geology, University of Ottava, Ottawa, Ontario
1989 June 19.
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2.1 STAFF

Branch Manager

Secretary

F IÏ.C. HcElroy

C.A. Butler

Professional Staff

V.G. Cross
R.M. Holford
A.R. Jones (1)
E.S. Lamothe (3)
S.H. Linauskas
A. Trivedi

P.S. Yuen (5)

Lab Attendant/Clerical

H.M. Power (PT) (9)

Technical Staff

A.R. Arneja
J.D. Brunette
M.M. DeAbreu (2)
N.O. Freedman
R.G. Gallagher
S.E. Gardner (4)
J.W. Leon
E.D. Long (6)
J.F. Moore (7)
A.H. Ohno
W.F. Richter
J.M. Robertson (PT) (8)
R.A. Surette
C E . Thibeau
M.J. Wood

Students

C.A. Barr National Waterloo 89.04.24 to

(1) Retired effective 1989 April 28.
(2) Short-term replacement for J.M. Robertson effective 1989 June 5.
(3) Absent on maternity leave effective 1989 March 31.
(4) Absent on maternity leave effective 1988 November 10.
(5) Transferred from WNRE effective 1989 February 27.
(6) Returned to Mathematics & Computation Branch.
(7) Short-term replacement for S.E. Gardner effective 1988 December
(8) Terminated effective 1989 June 1.
(9) Part-time, short-term effective 1989 January 16 to 1989 March 7.
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2.2 INTRODUCTION

The mandate of the Dosimetric Research Branch is to undertake
broadly-based fundamental research in radiation dosimetry; to undertake
applied research and development in those aspects of radiation dosimetry
and measurement that contribute directly to radiation safety at CRNL,
throughout AECL and in the Canadian Nuclear Industry; to provide the
dosimetry service, both internal and external, for the CRNL site; and to
maintain the dose records of all past and present AECL employees. Thus
the work of the branch can be conveniently divided into a research
function and a service function. There is also work - research in direct
support of the service - that straddles this classification. However,
even in the fundamental research work in radiation dosimetry, the focus is
on those aspects which are of particular concern to AECL and the Canadian
nuclear industry. This includes, for example, the work of W.G. Cross on
neutron and beta dosimetry, and the work in support of the AECL waste
management program by R.H. Holford.

In addition, the branch also undertakes commercial and business
development work that forms a good match with the mandate of the branch.

The research and service activities of the branch for the
previous six months are described in the following sections. Some of the
commercial and business development work is also described.

An important aspect of the progress of the branch during the
last half has been the integration of two new staff members into the
program, and some realignment of responsibilities brought about by the
retirement of A.R. Jones.

A. Trivedi joined the branch in 1988 October and has been
concentrating on the tritium dosimetry program. Much of this work is
being undertaken with co-funding from the Canadian Fusion Fuels Technology
Project.

P.S. Yuen joined the branch in 1989 February and has been
concentrating on continuing A.R. Jones' work on TLD systems and materials.

R.M. Holford has taken over A.R. Jones' responsibilities for the
operation of the TLD service. Holford is also responsible for the
commercialization of the PC version of the internal dosimetry code GENMOD
and will contribute to the development of metabolic models for internal
dosimetry.

E.S. Lamothe is currently on maternity leave and will return in
1989 October to continue her work in internal dosimetry.
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2.3 NEUTRON DOSIMETRY

Radiators for Thermal Neutron Detection with CR-39 - A.R. Arneja
and W.G. Cross

The CR-39 neutron dosimeters currently used in CRNL badges
detect thermal neutrons by having a radiator of 1^28407 dispersed in a
thin teflon disc covering a portion of the CR-39. Some of the alpha
particles and tritons, generated in ^Li and ^B by thermal neutrons,
produce tracks in the CR-39 that are etched and counted. Occasionally the
teflon disc shifts in position, complicating the determination of thermal
neutron doses.

An alternative thermal neutron radiator that would eliminate
this problem has been investigated. This is a paste containing boron
nitride, which can be painted on a small area of the CR-39 detector. The
painted layer, although not uniform in thickness, is sufficiently thick
that the density of alpha particle tracks is uniform. The sensitivity is
slightly greater than that of the teflon-Li2B407 radiators. Investigation
of the suitability of this radiator is continuing.

Search for Neutrons from Cold Fusion - W.G. Cross, A. Arneja,
R.E. Johnson (Chemical Engineering Branch), and S.R. Bokwa
(Chemical Engineering Branch)

A number of experiments aimed at detecting neutrons from
deuterium contained in titanium have been carried out. These followed the
general procedure described by Scaramuzzi et al. (Europhysics Letters, to
be published) in which Ti was "filled" with deuterium gas by cooling it in
a D2 atmosphere, and neutron emission was measured when the Ti temperature
was cycled between room temperature and 77 K. In our experiments, Ti
sponge or chips in a pressure vessel were heated in vacuum to various
temperatures from 200°C to 600°C to remove hydrogen. The Ti was then
exposed to D2 gas at 40 atmospheres pressure and 50°C for about 18 hours
and was then cooled in liquid nitrogen. The deuterium was pumped out and
the Ti allowed to warm to room temperature. Neutron emission was measured
while the Ti was cooling and warming. Four experiments were done, each
lasting 2 to 4 days in which details of pressure changes and the rates at
which the temperature was cycled were varied.

The neutron detectors were BF3 and 3ge counters. Counters and
sample were surrounded by paraffin wax and tanks of water, about 50 cm
thick. The experiment was done in an underground room to reduce cosmic
ray background. The BF3 counter had an efficiency of 1% for a 252cf
neutron source at the position of the Ti and a background of 7 + 1
counts/h. The -"He counter which was used in only one experiment (in
addition to the BF3 counter) had an efficiency of 1% and background of 16
+ 2 counts/h.

Except for one short period, the observed neutron rate while the
Ti sample was in position was equal to the background rate within counting
statistics. An upper limit to the average neutron emission from the
sample during each warming period was 250 neutrons/h. On one occasion &
"burst" of 165 counts was recorded over a 1.5 hour period while the sample
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was In position, after which the counting rate resumed its normal level.
Since only one counter was in use at the time, it was not possible to
prove that this was not caused by insulator breakdown. On another
occasion a smaller burst was observed during a background measurement.
Thus under the conditions of these experiments, no neutron emission has
been demonstrated.

2.4 THERMOLUMINESCENCE DOSIMETRY

Liquid UV Light Guide in TLD Reader - W.F. Richter and A.R.
Jones

A flexible liquid UV light guide was compared with the currently
used glass fiber light guide in the automatic TLD reader AEP 5256-B.

When the UV light guide was used with the sensitized LiF(Mg,Ti)
or VINTEN dosimeters, no significant improvement in sensitivity was found.

When the UV light guide was used with the LiF(Mg,Cu,P)
dosimeters, significant improvement was evident. The sensitivity
(counts/Rad) increased by factors of 1.9 and 2.5 for the Whole Body and
Surface (powder) dosimeter respectively. The greater improvement for the
round Surface dosimeter over the square Whole Body dosimeter was due to a
smaller acceptance angle of the UV light guide. That is, it seems that
the UV light guide did not collect light as efficiently from the corners
of the square chips as did the glass fiber light guide. There was also a
reduction in the light output from unexposed dosimeters (zero reference)
as infrared was heavily attenuated. This reduction in the zero signal
resulted in lower minimum measureable doses of 0.1 [iSv and 6.6 [iSv for the
Whole Body and Surface dosimeters respectively.

This UV guide will not improve the existing personal dosimeter
system, but it should be incorporated into the reader if the new
LiF(Mg,Cu,P) dosimeters are proven and brought into service.

Evaluation of TOLEDO TLD Reader - W.F. Richter

A TOLEDO TLD Reader, manufactured by VINTEN Instruments Limited,
was evaluated as a potential replacement for the TELEDYNE 7300 extremity
dosimeter reader. In this evaluation, VINTEN extremity dosimeter tapes
were to be read by both the TOLEDO and TELEDYNE readers. This required
that the TELEDYNE reader be fitted with a modified planchet.

For doses below 68 Sv, the performances of both readers were
comparable. Above 68 Sv, the response of the TELEDYNE reader tended to
level off while that of the TOLEDO reader remained reasonably linear. In
this exceedingly high dose range, this loss of linearity in the TELEDYNE
reader could result in severe error in the determination of true doses.
However, this problem is detectable in the examination of glow curves. The
TELEDYNE reader has been modified to print these.
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Since there is no significant improvement in the TOLEDO over the
TELEDYNE reader at doses below 68 Sv, this reader is not recommended as a
replacement for the TELEDYNE 7300 reader, particularly because of its high
cost.

Extremity Dosimeters - A.R. Jones, W.F. Richter, and P.S. Yuen

The evaluation of VINTEN extremity dosimeters continued. The
sensitivity of the VINTEN dosimeter was compared with that of the Teflon
extremity dosimeter currently in service at CRNL. In the comparison
experiment, dosimeters were exposed to radiation from beta, gamma and X-
ray sources, and were subsequently read. The results (sensitivity) are
summarized in the following table.

Source Sensitivity (counts/Rad)
VINTEN TLD CRNL TLD

Uranium
90Sr/90Y

204T1

7

208
243
350
274
265
304

897
1491
1338
84

1306
1197104 keV X-ray

Mean 276 1301

From these results, it is evident that the mean sensitivity is
higher for the Teflon extremity dosimeters. However, the Teflon extremity
dosimeters are less sensitive (1:3.6) than the VINTEN ones at very low
beta energy (^7Pm). It is probably due to the shielding of low energy
beta rays by the thicker protective plastic shield in the Teflon dosimeter
holder ring.

Comparison of Plaque-Mounted HARSHAW and VINTEN TLDs - A.R.
Jones, A.H. Ohno, and P.S. Yuen

A comparison study was conducted on VINTEN and HARSHAW plaque-
mounted TLDs. The latter are currently in service at CRNL. The
comparison was done to examine sensitivity, homogeneity, minimum
detectable exposure and residual signal. The results show that the VINTEN
TLD chips are more sensitive and the responses more uniform. The minimum
detectable exposure (MDE) was lower in the VINTEN chips. This is probably
due to its higher sensitivity. The residual signal found in the VINTEN
chips is, however, higher (0.28Z) than the HARSHAW ones (0.082).

2.5 BETA DOSIMETRY

Dose Distributions from Beta Surface Contamination in Tissue and
Water - W.G. Cross and P.Y. Wong (Mathematics & Computation
Branch)

Monte Carlo calculations of dose variation with depth below the
surface of the body, when the skin is contaminated with beta emitters (PR-
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PHS-HS-6), were actually made for water rather than for tissue. The
reason was that tissue composition varies while water gives a reasonable
approximation to various types of tissue. As a check, on how closely doses
calculated for water represent those in tissue, the calculations were
repeated for ICRU "standard tissue" (10.1% H, 11.1% C, 2.6% N, 76.2% 0),
for monoenergetic electrons of 5 energies between 25 keV and 4 MeV. At
depths out to half the maximum electron range, tissue and water doses are
equal within the statistical errors of the calculations (1-2%). At larger
distances tissue doses are slightly higher and corresponds to the
attenuation per g/cm^ in water being 2% higher than that in ICRU tissue
(see Phys. Med. Biol. .13 (1968) 611).

The effect of having air against the water surface (providing
some backseattering) rather than vacuum was also investigated, for 100 keV
electrons. No statistically significant differences in doses were
observed.

Dose Distributions for Normally Incident Beams of Beta Particles
on Water - W.G. Cross and N.O. Freedman

Dose distributions calculated previously (by a Monte Carlo code)
for monoenergetic electrons incident normally on a plane water surface
yield a matrix of dose values as functions of depth and energy. This
matrix has been further smoothed and used to calculate dose distributions
for 125 nuclides emitting beta rays and/or conversion electrons, by
combining the matrix values with the beta ray spectra. The code used for
printing the results has been modified to give more compact tables for
publication.

2.6 TRITIUM MEASUREMENT AND DOSIMETRY

Skin Contact Exposure to Tritium on Stainless Steel Surfaces -
A. Trivedi, J.W. Leon, C.A. Barr and R.A. Surette

Elemental tritium may be released during normal operation and
maintenance in tritium extraction plants and in future fusion power
plants. The tritium, which adsorbs onto and migrates to metal surfaces,
could pose a radiological hazard in the workplace. Tritium is metabolized
in the body in two chemical forms: as a free water component (HTO), and
as organically-bound tritium (OBT). The distribution of HTO is assumed to
be uniform in the body, but the accumulation of OBT can be tissue
specific. Knowledge of the metabolic route of tritium assimilation from
skin contact exposure to contaminated surfaces is required for assessing
the potential radiological hazards.

To establish the metabolic behaviour and dosimetric consequences
of this mode of contamination, experiments were designed and carried out
on hairless rats, whose left flanks were exposed to tritium contaminated
surfaces, to measure the rate of OBT and HTO retention in skin and
excretion in urine for 90 days following exposure. It was noted that
after a relatively short exposure (60 sec), tritium was rapidly absorbed
in the skin. The majority of the tritium was either metabolized to OBT or
incorporated as OBT in the skin. While OBT was observed in unexposed
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skin, the amount of OBT retained in the exposed skin was significantly
higher throughout the post exposure examination. Both exposed and
unexposed skin attained almost equal HTO distribution with 24 h after
exposure. The kinetics of both HTO and OBT retention and excretion showed
short- and long-term components. In urine, a smaller effective time
constant was noticed for OBT than for HTO. The radiological risk from
this mode of contamination is influenced by the tissue specific
inhomogeneity of OBT. The results are being analyzed to determine the
range of possible dosimetric consequences of the OBT and HTO in the skin.
Further experimental measurements are ongoing.

Percutaneous Contamination from Tritium on Glass and Other
Surfaces - A. Trivedi, J.W. Leon, C.A. Barr, and R.A. Surette

Animal experiments, similar to those described in the section
"Skin Contact Exposure to Tritium on Stainless Steel Surfaces" currently
are underway in order to evaluate the radiological hazards from other
contaminated surfaces.

Using Hair as a Biological Indicator for Skin Contamination -
A. Trivedi, C.A. Barr, and J.W. Leon

The assay of tritium-in-urine is used to estimate the total
burden of tritium in the body. It is based on the assumption that most of
the tritium in the body distributes homogeneously as tritiated water and
then maintains an equilibrium with the body water. However, tritium in
the body can be metabolized as a free water component (HTO), and as
tissue-specific organically-bound tritium (OBT). The specificity of OBT
is evident when skin is brought into contact with tritium-contaminated
surfaces since OBT accumulates both at the point of contact and around the
hair follicle. This suggests that elevated levels of OBT in the hair can
be seen as well. We are attempting to develop a bioassay method to
estimate OBT concentration in hair. This may provide an assessment of
uptake for an individual exposed to tritium-contaminated surfaces.

Measurement of Tritium on Contaminated Surfaces - R.A.
Surette, J.W. Leon, and A. Trivedi

The amount of activity sorbed into and onto various metal
surfaces that have been exposed to elemental tritium, have been measured.
These measurements are made to assess the activity of sorbed tritium on
planchets that are used in the study on the skin uptake of tritium from
contaminated surfaces.

The total tritium activity sorbed into a metal was measured by
baking the metal planchets at 400°C and 900°C and by collecting the
evolved tritium. The total removable activity of tritium on metal
surfaces was measured by multiple swiping. The analyses of these swipes
have shown a significant amount (> 60%) of tritium to be in a form whose
vapour pressure is lower than HTO and thus is not vaporized during cold
temperature distillation.
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It is anticipated that the presence of this type of tritium on
surfaces may influence the uptake of tritium in the body and could affect
the assimilation of organically-bound tritium.

Passive HT/HTO Samplers - M.J. Wood, R.G.C. McElroy, and K.H.
Whitlock (Health Sciences Division) - Co-funded by CFFTP

An interim progress report has been prepared and forwarded to
CFFTP summarizing the performance of our first generation of passive total
tritium samplers. Tests on the second generation samplers are scheduled
to begin late in the third quarter of 1989.

CRNL Passive Sampler Field Trial - M.J. Wood, R.G.C. McElroy,
and B.E. Heinmiller, Bldg. 150, and Bldg. 210 Surveyors
(Radiation & Industrial Safety Branch) - Co-funded by CFFTP

The field trial of the passive sampler based HTO-in-air sampling
program has been completed. The field trials went well with excellent
constructive feedback from the operational staff directly involved with
the trial. An interim progress report was completed in April and
forwarded to CFFTP. The final report is scheduled to be complete in the
second half of 1989.

2.7 DOSE MODELLING

GENMOD Development - R.M. Holford and D.W. Dunford (Mathematics
& Computation Branch)

As this software moves into the marketing phase, changes need to
be carefully scrutinized and tested before being incorporated into the
code. Nevertheless several significant enhancements were achieved in the
period under review.

The method of calculating the distribution of particulates in
the respiratory organs was improved. ICRP-30 gives a graph showing the
deposition fractions as a function of particle size (AMAD). These
functions are straight lines, but non-trivial to simulate on a computer
because one of the axes uses a probability (Probit) scale.

The user can now choose between two methods of averaging intakes
calculated from bioassay data and GENMOD predictions. One method is a
simple unweighted average, the other provides a weighted average as
recommended in the U.S. guide (NUREG/CR-4884). In both cases an estimate
of the standard error of the mean is also given. These formulae were
verified by Monte-Carlo simulation on the CRNL Cyber-990 computer.

The physical size of the program has been reduced by changing to
an overlay structure. This not only makes the program available to more
potential users, but will also make it possible to add enhancements, such
as graphical display of the results, to future versions of the code.
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Dose Conversion Factors - R.M. Holford

The EDEFIS code was modified to read the new database obtained
from Oak Ridge National Lab (USA). This database was apparently used in
the preparation of ICRP publication 38 and contains data on 825 nuclides.
An additional nuclide, Ar-42, was added by hand, since it has a simple
decay scheme and is of some significance in waste management studies.

An improved beta spectrum calculation routine (obtained from
W.G. Cross, CRNL) was added to the EDEFIS code and verified by calculating
the mean beta energy, by numerical integration of the spectrum probability
function, for all available emissions, and comparing the results vith the
values given in the database.

Dose conversion factors were recalculated, using the new
database, for all seven cases considered in the earlier work, and the
results will be published as an addendum to that report (AECL-9825).

2.8 INTERNAL DOSIMETRY

Biological Dosimeters - A. Trivedi

A review of the literature has been completed and various
biological indicators that can be used in dose assessment have been
identified. However, the biological indicators studied so far are
considered to be either unsuitable or in need of improvement for our
needs. They are usually inappropriate to quantify low doses of radiation.

Although chromosomal aberrations and micronuclei formation are
reliable biological dosimeters for detecting previous exposures to
radiation, the net effect of radiation can vary among individuals because
of their genetic variability. The immunologically detectable changes in
cellular membranes and free radiation generation in various biomolecules
at low doses of radiation offer opportunities to improve procedures in
biological dosimetry. These methods are identified and recommended for
developing biological dosimeters that can detect the doses of radiation in
our range of interest.

2.9 INSTRUMENTATION AND MEASUREMENT TECHNIQUES

Doorway Monitor - W.F. Richter

A draft of the manual for the Doorway Monitor AEP 5372 has been
completed. Installation of the Doorway Monitors is pending the approval
of a work order by the R & IS Branch.

Stack Effluent Monitor; Sampling System - R.A. Surette and R.M.
Holford

The sample delivery system for the noble gas, iodine and
particulate detectors of the stack monitor has operated as expected during
the half.
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The sampling pumps for the noble gas monitor have been replaced
with diaphragm pumps of higher capacity. This change was prompted by the
fact that the low range detector did not have sufficient flow to ensure
proper filling, with stack gas, in the time allowed. This led to a lower
release measurement for the sampling cycle just after background check for
the low range. Clean air is passed through the detector for background
measurement.

Stack Effluent Monitor; Control Computer - R.A. Surette, E.
Long, R.M. Holford, and R.G.C. McElroy

The Prolog System 2 computer and controlling software has
operated without serious faults since installation. The proper
calculating, logging, recording and sequencing of the computer with
respect to data collected has been checked and appear to be as desired. A
second password has been added to the software to restrict access to menu
selections that may change the system "personality".

A sampling system supplied by the Radiation £• Industrial Safety
Branch was set up to sample the reactor stack effluent at the same
location as the stack monitor. Daily samples for radioiodines and
particulates were collected and counted for a two week period. The stack
release data from the stack monitor did not correlate well with the
samples collected by Radiation & Industrial Safety Branch for these low
level measurements.

The current method for calculating the daily releases for
iodines and particulates is too noisy for monitoring near the
administrative release levels. Data smoothing will be implemented in the
software to improve the signal to noise ratio in the release data.

2.10 BIOASSAY AND IN VIVO COUNTING DEVELOPMENT

Promethium-in-Urine - S.H. Linauskas and J.W. Leon

Development work has been completed on methods for Pm-147
bioassay. Two techniques are available. For routine screening, the gross
beta procedure has been extended to allow liquid scintillation counting of
the precipitate product. The rare earth oxalate precipitates are first
converted to a carbonate by heating, then to nitrates. The sample is
subsequently counted by liquid scintillation counting. The detection
limit for the procedure is approximately 0.5 Bq/day excretion which is
sufficient for routine screening for class W inhalation intakes. The use
of low background liquid scintillation counting gives sufficient
sensitivity for all modes of intake.

The second method, developed by the General Chemistry Branch,
utilizes high performance liquid chromatography to separate the rare
earths. This is a highly selective quantitative bioassay method suitable
for a range of elements and nuclides. It has already been used for Pm-
147, Ce-141 and natural uranium. It has become a powerful tool in follow-
up samples. Sensitivities are similar to the gross beta (low energy)
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screening method but with the added advantage of nuclide/element
specificity. Incorporation of the technique into routine bioassay is
currently being reviewed. As an interim measure the General Chemistry
Branch is processing samples on an as-required basis.

Development of OBT-in-Urine Bioassav Methods - A. Trivedi, C.A.
Barr, and J.V. Leon

As the potential for tritium uptake from metal -urfaces
increases, it becomes important to carry out routine analysis ~ OBT in
urine. The procedure presently used for OBT-in-urine analysis at CRNL is
based on cold temperature distillation (CTD). This method has proven to
be accurate and reproducible, but is cumbersome for routine bioassays.
Alternate methods for measuring OBT-in-urine are under investigation for
more appropriate routine analysis.

2.11 DOSIMETRY SERVICE

Dosimetry Database - R.M. Holford and D.W. Dunford (Mathematics
& Computation Branch)

Transfer of the database and its associated computer codes from
NOS/BE to NOS was achieved without any serious problems. Significant
delays have been experienced in the printing of special forms, due to
changes in equipment and procedures in the CRNL Computing Centre.

A method has been established whereby people whose exposures
need to be monitored, but who are not AECL employees, can be added to the
database by manual entry of the necessary personal data. This is intended
only for use in special cases, since it is far more time-consuming than
the normal method in which personal data are extracted from the Human
Resources database (CPRS).

Current methods for archiving of data considered to be "primary
records" are not satisfactory. A non-erasable optical disc is being
considered as an alternative.

Bioassav Service: Gamma/Alpha Spectroscopy Systems - S.H.
Linauskas

The Ortec data acquisition system is now being used for all
spectroscopy applications in the bioassay laboratories. Some software
remains to be developed for some applications in order to streamline work
and also to form the basis for quality control methods.

The performance of the surface barrier detectors in the alpha
spectroscopy systems has degraded over the years (contamination, etc.) and
will be replaced.

In Vivo Monitoring - S.H. Linauskas and J.D. Brunette

The data acquisition system purchased in the last reporting
period has been operated in parallel with the Apple/Canberra system, with
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the Apple/Canberra package being used as the primary acquisition system.
At the end of the period, work on reformatting the spectrum data to write
into the Dosimetry Database was completed and the Ortec system is now used
as the primary acquisition system.

A major failure occurred with the 30 cm x 10 cm Nal(Tl)
detector/photomultiplier tube assembly in the whole body counter. A
number of photomultiplier tubes failed and the failures were not
immediately recognized. These tubes have now been replaced. Some
corrections to stored analysis results will be required; however, these
will be made after the 1989 intercalibration with Health and Welfare
Canada in 1989 September when the currently estimated efficiency can be
confirmed. No formal dose records are affected.

Quality Assurance - S.H. Linauskas, R.M. Holford, P.S. Yuen,
C.E. Thibeau, W.F. Richter, A.H. Ohno, and R.G.C. McElroy

A major effort has been directed to accelerating the work on
quality assurance documentation in CRNL's dosimetry program. Progress in
advancing the documentation has been greatest in the external dosimetry
area where little formal documentation had existed in the past. Progress
on the internal dosimetry documentation has been slowed somewhat by
assigning effort to the training of new staff and commissioning new
equipment and bioassay methods.

The AECB was given the first draft of the Dosimetry Services
Level 1 and Level 2 quality assurance documentation. No comments have yet
been received.

Comments on the AECB consultative document C-106, "Technical
Specifications and Quality Assurance Specifications for Dosimetry
Services", were compiled from R.P. Lambert of VNRE, and S.H. Linauskas and
P.S. Yuen of CRNL. These comments were forwarded as a joint CRNL/WNRE
submission to RCHO for transmittal to the AECB. The concensus is that a
variety of problems exist that must be addressed before the document can
be implemented.

2.12 EMPLOYEE MONITORING PROGRAM

Internal Contamination - S.H. Linauskas

The distribution of whole body doses due to internal tritium
contamination are listed in Tables 2.12.1 to 2.12.2.

One employee exposed to Pm-147 and reported on in the previous
progress report was subsequently confirmed to have trace levels of
contamination. The dose consequences were low (intake < 1/20 ALI)
assuming the most restrictive intake route.
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NOTES TO ABOVE TABLE:

(1) NUMBERS REPRESENT TESTED PERSONNEL WITH DETECTABLE AMOUNTS.
(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 SEPARATELY.
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DISTRIBUTION ON TRITIUM DOSES AT AECL

2ND QUARTER, 1989
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Body Radiation Doses - C.E. Thibeau and R.G. Gallagher

Since the last report (PR-PHS-HS-6) there have been no whole-
body radiation doses exceeding the 600-mrem tvo-veekly administrative
control limit, no skin doses exceeding the 1600-mrem tvo-veekly
administrative control limit and no extremity doses exceeding the 4-rem
tvo-veekly administrative control limit.

Distributions of vhole body and skin doses in the first and
second quarters of 1989 are given in Tables 2.12.3 to 2.12.6.

Extremity Radiation Doses - C.E. Thibeau and R.G. Gallagher

Distributions of extremity radiation doses in the first and
second quarters of 1989 are given in Tables 2.12.7. to 2.12.8.



Table 2.12.3

DISTRIBUTION OF WHOLE-BODY DOSES AT AECL
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DISTRIBUTION OF WHOLE BODY AT AECL
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NOTES TO ABOVE TABLE:

(1) NUMBERS REPRESENT TESTED PERSONNEL WITH DETECTABLE AMOUNTS.
(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 SEPARATELY.



Table 2.12.5

DISTRIBUTION OF SKIN DOSES AT AECL

1ST QUARTER, 1989
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NOTES TO ABOVE TABLE:

(1) NUMBERS REPRESENT TESTED PERSONNEL WITH DETECTABLE AMOUNTS.
(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 SEPARATELY.
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DISTRIBUTION OF SKIN DOSES AT AECL

2ND QUARTER, 1989
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NOTES TO ABOVE TABLE:

(1) NUMBERS REPRESENT TESTED PERSONNEL WITH DETECTABLE AMOUNTS.
(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 SEPARATELY.
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DISTRIBUTION OF EXTREMITY DOSES AT AECL

1ST QUARTER, 1989
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N5

NOTES TO ABOVE TABLE:

(1) NUMBERS REPRESENT TESTED PERSONNEL WITH DETECTABLE AMOUNTS.
(2) THE METHOD OP 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 SEPARATELY.
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DISTRIBUTION OF EXTREMITY DOSES AT AECL

2ND QUARTER, 1989
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*****************************************************************************************

NOTES TO ABOVE TABLE:

(1) NUMBERS REPRESENT TESTED PERSONNEL WITH DETECTABLE AMOUNTS.
(2) TBE 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 SEPARATELY.
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2.13 EXTERNAL ACTIVITIES

External Dos1metry Working Group - P.S. Yuen and A.R. Jones

P.S. Yuen has replaced A.R. Jones as CRNL's representative on
this working group.

A meeting was held at the Bureau of Radiation and Medical
Devices (BRMD), Health and Welfare Canada, Ottawa, on 1989 June 20-21.
The primary objective of this meeting was to discuss and revise a joint
report being published by the Working Group. This joint report presents
the results of experiments comparing the TLD systems of the five Canadian
TLD processors - AECL, Health and Welfare Canada, Ontario Hydro, Hydro
Quebec, and New Brunswick Electric Power Commission. During this meeting,
the draft report was carefully examined and revised.

During this meeting, other topics were discussed. They
included:

* results of tests on VINTEN extremity dosimeters performed by CRNL,
* the apparent discrepancy of evaluated dose recorded by dosimeters
calibrated with *37c:s and ^^Co sources,

* dose limits for localized contamination by highly radioactive
particulates,

* ICRU-43,
* interchangeability of dosimeters between processors, and
* the prospect of a second joint intercompaiison report on skin doses.

The next meeting is scheduled to be on 1989 September 19-20, at
Ontario Hydro, Toronto.

Determination of Dose Equivalents from External Radiation
Sources - W.G. Cross

A report for the International Commission on Radiation Units and
Measurements (ICRU), describing the implementation of the new ICRU dose
equivalent quantities (defined in ICRU-39) has been in preparation for
more than two years. The report considers how well existing survey
instruments and personal dosimeters will measure the new quantities, how
they should be modified, and how they can be calibrated. This report has
now been submitted to the main ICRU Commission. Further modifications are
underway to respond to changes requested by the Commission. In
particular, the report will be split into two parts, one dealing with beta
and gamma-ray detectors and a second dealing with neutron detectors.

International Electrotechnical Commission - R.G.C. McElroy and
A.R. Jones

R.G.C. McElroy has replaced A.R. Jones as chairman and CRNL
representative on the Canadian Technical Sub-Committee of the Canadian
National Committee of the International Electrotechnical Commission (IEC)
on Radiation Protection Instrumentation. A brief meeting was held in
Ottawa in February to introduce the new members of the sub-committee.
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2.14 PUBLICATIONS AND PRESENTATIONS

Publications

CALIBRATION OF A DOUBLE PHOSWICH DETECTOR ASSEMBLY FOR ESTIMATION OF

HOMOGENEOUSLY OR INHOMOGENEOUSLY DISTRIBUTED 241Am AND/OR 239Pu IN
UNTREATED FECAL SAMPLES
G.H. Kramer, T. Diebert, and J.W. Leon
Health Physics 56 No. 3 (1989) 361-365

DOSE CONVERSION FACTORS FOR AIR, WATER, SOIL AND BUILDING MATERIALS
R.M. Holford
Atomic Energy of Canada Limited, Chalk River, Ontario, Report AECL-9825
(1989)

FUNCTIONAL IMPORTANCE OF MITOCHONDRIAL CARDIOLIPIN IN YEAST CYTOCHROME _
OXIDASE ACTIVITY
A. Trivedi, A.V. Wearing, S.D. Kohlwein and E.R. Tustanoff
IN Integration of Mitochondrial Function (J. Lemasters, C.R. Hackenbrock,
R.G. Thurman, and H.V. Westerhoff, Eds.) Plenum Press, New York, USA
(1989) 87-98.

THE MEASUREMENT OF DOSE AT 70 MICROMETRES' DEPTH USING THERMOLUMINESCENT
DOSIMETERS (TLDs)
A.R. Jones
Prepared for the Atomic Energy Control Board, Ottawa, Ontario, Report
INFO-0305 (1989).

Lectures. Presentations. Abstracts

ALTERATION OF CELLULAR STRESS RESPONSE BY MANIPULATION OF THE MEMBRANE
LIQUID COMPOSITION
A. Trivedi, C.K. Ohno, R.E.J. Mitchel, and E.R. Tustanoff
Presented at the ASCB/ASBMB meeting, San Francisco, USA, 1989 January
29-February 2.

AN HTO-IN-AIR SAMPLING PROGRAM BASED ON A PASSIVE HTO SAMPLER
M.J. Wood, R.G.C. McElroy, and B.E. Heinmiller
Poster presentation at the 10th Annual Canadian Radiation Protection
Association (CRPA) Conference, Victoria, B.C., 1989 April 30 - May 3.

AN OVERVIEW OF THE DOSIMETRIC RESEARCH BRANCH
R.G.C. McElroy
Presented to the Technical Review Committee, CRNL, 1989 April 17-18.

BIOASSAY MONITORING AT CRNL
S.H. Linauskas
Presented to the Technical Review Committee, CRNL, 1989 April 17-18.

DEVELOPMENTS IN NEUTRON DETECTION, BETA RAY DOSIMETRY AND THE IMPLICATIONS
OF THE NEW ICRU DOSIMETRIC QUANTITIES
W.G. Cross
Presented to the Technical Review Committee, CRNL, 1989 April 17-18.
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EFFECT OF ALTERED STEROL HEMBRNE CONTENT ON YEAST CELL VIABILITY AND
BIOENERGETICS AT ELEVATED TEMPERATURES
A. Trivedi, D.J. Fantin, and E.R. Tustanoff
Presented at RRS/NAHG meeting, Seattle, USA, 1989 March 18-23.

EFFECTS OF THE NEW ICRU DOSE EQUIVALENT QUANTITIES ON PRACTICAL RADIATION
DOSIMETRY
V.G. Cross
Presented at Workshop/Symposium on "Radiation Protection: Past and
Future", Chalk River Nuclear Laboratories, Chalk River, Ontario, 1989
March 20-22.

HEAVY WATER GROWN YEAST CELLS AND INCREASED RADIORESISTANCE AND THERMAL
RESISTANCE
A. Trivedi, C.K. Ohno, and R.E.J. Mitchel
Presented at RRS/NAHG meeting, Seattle, USA, 1989 March 18-23.

MEASUREMENT AND RECORDING OF DOSES FROM EXTERNAL GAMMA AND BETA RADIATION
AT CHALK RIVER NUCLEAR LABORATORIES
A.R. Jones and R.M. Holford
Poster presentation at Workshop/Symposium on "Radiation Protection: Past
and Future", Chalk River Nuclear Laboratories, Chalk River, Ontario, 1989
March 20-22.

NEUTRON RADIOLOGICAL EQUIVALENTS
W.G. Cross
Lecture given to Defence Nuclear Engineering Research and Development
Committee, Chalk River, 1989 February.

RECENT DEVELOPMENTS IN THERMOLUMINESCENT DOSIMETRY (TLD)
A.R. Jones
Presented to the Technical Review Committee, CRNL, 1989 April 17-18.

THE DOSIMETRY OF TRITIUM UPTAKE FROM METAL SURFACES
R.G.C. McElroy, E.S. Lamothe, and J.S. Jackson
Poster presentation at Workshop/Symposium on "Radiation Protection: Past
and Future", Chalk River Nuclear Laboratories, Chalk River, Ontario, 1989
March 20-22.

THE EXPERIMENTAL MEASUREMENT OF CIRCUMFERENTIAL TEMPERATURE DISTRIBUTION
DEVELOPED ON PRESSURE TUBES UNDER STRATIFIED TWO-PHASE FLOW CONDITIONS:
TESTS 1-5
P.S. Yuen, K.A. Haugen, D.A. Litke and H.E. Rosinger
Presented at the 10th Annual CNS/CNA Conference, Ottawa, Ontario, 1989
June 4-7.

THE INVOLVEMENT OF TOPOISOMERASES AND DNA POLYMERASE I DURING HEAT-SHOCK
INDUCED RADIATION AND THERMAL RESISTANCE IN YEAST
D.R. Boreham, A. Trivedi, and R.E.J. Mitchel
Presented at RRS/NAHG meeting, Seattle, USA, 1989 March 18-23.
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TIME DEPENDENT TUMOR INITIATION AND STAGE I PROMOTION: THE INFLUENCE OP
HYPERTHERMIA
R.E.J. Mitchel and A. Trivedi
Presented at RRS/NAHG meeting, Seattle, USA, 1989 March 18-23.
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3.2 INTRODUCTION - D.R. Champ

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. For example,
the motivation for fundamental work and technique development often arises from
requirements discovered in attempting to solve applied problems.

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

In the Environmental Assessment section, the research described is
directly related to estimating or predicting the potential doses to human
populations from past, present and projected sources either by the development
and use of models or by locating and monitoring the actual distributions of
contaminants that have been placed in the environment. Such work provides the
basis for advice and assistance in defining strategies for the management and
disposal of all radioactive and other wastes. Accordingly, research in this
section involves:

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

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

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

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

5) working 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 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.
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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

A replacement data acquisition system has been designed and it is now
running in parallel with the old system. When tests on the new system have been
completed, it will go on-line and the old one will be overhauled to serve as
back-up equipment.

The Bldg. 456 aerovane has been serviced and re-installed. All data
are routinely checked and compiled for monthly records.

3.3.2 UNSATURATED ZONE, GROUNDWATER AND STREAMFLOW INTERACTIONS

Streamflow Generation - P.J. Barry, E. Robertson, J. Buttle, D. Steele,
A.G. Price

A large number of samples of groundwater, unsaturated zone pore water,
streamwater and snowmelt water have been collected during the spring melt and
the period immediately following. Most of the chemical analyses on these samples
have been completed but the bulk of the deuterium assays are still to be done.
Interpretive work on the results will begin soon and proceed through the summer
and fall.

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

Results of snow accumulation and melt studies conducted during the
winters of 1986 and 1987 were presented in a poster presentation at the Eastern
Snow Conference held in Quebec City, 1989 June. Results from that study period
showed:

1) Substantial differences have been found between the inputs of solutes
to the snow pack by the "wet only" protocols at a nearby CAPMoN
monitoring site and by "bulk" collectors in the forest. The differences
appear to be due to interaction between the snow and the forest canopy
and are greater when wet snow or rain falls.

2) The variability of inputs within the forest is small. For the most
part, the standard deviation is less than 5% of the mean when the snow
is dry and tends to rise when the snow is wet or mixed with rain.

3) The composition of the snow pack is stable in the absence of melting
or rain-on-snow events. Melting and rain tend to cause vertical
redistribution of solutes within the pack and relatively much greater
loss of solutes than loss of water equivalent.

4) The large loss of nitrate ion in the run-off from the lined plot noted
in previous years was not seen in 1987 or 1988.
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During the past winter, snow was collected on an event basis throughout
the winter at three sites near the lined lysimeter in the forest on the east side
of Perch Lake to measure the input of water equivalent and chemicals to the area.

Detailed chemical analyses of 5 cm sections of snow cores, taken close
to one of the collection sites several times during the winter, were done.

Samples of meltwater were collected every 2 hours from the lysimeter
for chemical analysis. Most of the analyses have been completed. Interpretation
of the results from 1988 and 1989 winters continues with particular emphasis on
studying the effect of rain on snow.

Groundwater Recharge Chemistry - K.J. Inch

A paper entitled "The Acid Neutralizing Capacity (ANC), an indicator
of a watershed's potential sensitivity to acidic precipitation", has been
completed in draft form. This paper examines sediments from two regions and
addresses their capacity to neutralize acidic precipitation.

In continuing to evaluate the long-term effect of acidic precipitation,
groundwater samples were collected and analyzed from a suite of multilevel
piezometers. Data collection began in 1982 for one piezometric bundle and in
1986 for the other 3 wells.

3.3.3 GROUNDWATER FLOW AND CONTAMINANT TRANSPORT

Origin of Saline Waters Discharging at "Moose Licks" on the Canadian
Shield - G.M. Milton, D.R. Lee, R.J. Cornett

Preliminary data for 4 saline seeps in the Nipigon Basin and one
exploration borehole in the nearby Sibley Group were presented in PR-PHS-HS-6.
Samples collected in November '88 down the full depth of two abandoned
exploration holes have provided considerably more geochemical data for the very
saline waters encountered in these strata below « 200 m. [Figure 3.3.3A contains
depth profiles for total dissolved solids (TDS), chloride and sulphate in one
of these holes.] Major ion ratios (Table 3.3.3C) and stable isotope values
(Figure 3.3.3B) have substantially increased our confidence in the hypothesis
that the saline seeps of the Nipigon region are a surface manifestation of a
regional, relatively shallow saline groundwater that coincides with an ancient,
but nevertheless sedimentary, rock formation. We do not believe that these seeps
represent discharge of the very deep brines characteristic of the Precambrian
Shield.

Sedimentary and oilfield brines are generally Na-Ca-Cl brines, with
weight ratios Na/Ca>l, and significant amounts of Mg, K, S04 and HC03 while the
highly saline waters of the Shield (crystalline rock) are Ca-Na-Cl brines, with
Na/Ca<l and very low values of Mg, K, SO4 and HCO3. By inference, then, the
major ion ratios of the Sibley brines indicate an origin in sedimentary strata.
This relationship is most clearly illustrated by plotting our values for the two
borehole profiles and 4 licks on published plots of Ca/Mg vs Br/Cl ratios in
the deep brines of the Canadian Shield (Frape, Fritz, and McNutt, 1984)
(Figure 3.3.3C). A few data points representative of sedimentary brines in the
United States have also been included. A peak in conductivity observed in the
deeper Sibley borehole approximately 30 m above the base of the sedimentary
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formation gives additional support to our contention that these brines are not
moving upwards from an origin in the crystalline basement rock of the region
(Figure 3.3.3A).

The evolution of these brines in still unclear. Their hydrogen and
oxygen isotopic composition (Figure 3.3.3B) is indicative of a secondary brine,
obtained from leaching of salts by water of local meteoric origin, with only a
minor suggestion of 180 or D enrichment in the deepest S03 samples. The rapid
change with depth of both solute and solvent composition indicates that little
mixing is occurring between these brines and a more active near-surface flow
system. Na/Cl mol. ratios of « .6 rule out simple dissolution of carbonate,
halite and anhydrite. Na/Cl, Ca/Cl, Mg/Cl and Br/Cl ratios all strongly resemble
the deep brines of north central Texas (Richter and Kreitler, 1986), however
substantial 18O enrichment was observed in that study.

On the basis of the limited data available it is equally difficult to
assign precise evolutionary paths for the less saline waters discharging at the
Nipigon seeps. 18O and D data indicate that the fresher component was recharged
under colder climatic conditions than the present. Simple dilution of sampled
Sibley brines is not adequate to explain the very low Mg, Br and SO^ at lick #1.
It seems highly likely therefore, that there is not one common brine end member,
and that variability in discharge composition reflects variability in
evolutionary paths both before and after mixing of highly saline waters with the
shallow, relatively fresh groundwaters infiltrating the Logan sill.

Large volume samples from packed off intervals in the boreholes are
required to improve our understanding of these brines, particularly to provide
estimates of their residence times in the formation (13C, 14C, 36C1 measurements).
Unfortunately there is no financing available for further sample collection in
this area, however it may be possible to do a few additional stable and
radioactive isotopic measurements with the small volumes presently on hand. Some
geochemical modelling with the program MINTEQA1 is also in progress.

WATER-ROCK INTERACTION AND CHEMISTRY OF GROUNDWATERS FROM THE CANADIAN SHIELD
S.K. Frape, P. Fritz and R.H. McNutt
Geochim. et Cosmochim, Acta 48 (1984), pp. 1617-1627

GEOCHEMISTRY OF SALT WATER BENEATH THE FOLLING PLAINS, NORTH-CENTRAL TEXAS
B.C. Richter and C.W. Kreitler
Groundwater 24, 6 (1986), pp 735-742
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Parameter
(wt. ratios)

Na/Ca

Ca/Mg

SO*/C1

Br/Cl

Na/Cl (mol rat

Deep Shield
Brine1

0.33

2200

.0022

.0060-.0125

io) 0.21

Table 3.3.3A

Siblev
Brine

2.6

11.6

0.075

.0035-0084

0.61

Moose Licks

1.4-81

9.0-77

<0.00013-.04

.001-.005

0.63-1.0

Fresh Water2

0.42

3.7

1.4

0.0020

1.2

^.K. Frape, P. Fritz, and R.H. McNutt (1984).

ENVIRONMENTAL CHEMISTRY OF THE ELEMENTS
H.J.M. Bowen
Acad. Press. (1979)
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Development of a New Approach for Analyzing Flow and Mass Transport in
Geologic Media - G.L. Moltyaner, A. Wills, I.H.K. Cheung

Historically, the studies of groundwater flow and mass transport in
porous media have been limited to small-scale laboratory and field experiments
in which little or no attention was paid to the heterogeneous structure of porous
materials. Three natural gradient dispersion experiments performed over scales
of 20, 40 and 260 metres at the Twin Lake aquifer have clearly indicated the
profound effect of aquifer heterogeneities on mass transport phenomena and in
addition have pointed out a way of quantifying these heterogeneities.
Groundwater tracing by the ground-penetrating high energy radiotfacers offered
not only a means for characterization of the spatial variability and continuity
of sedimentary sequences, but offered also a new way of viewing transport
phenomena termed the energetic approach. According to this approach, the
transport processes are quantified at two scales of practical interest; the local
and plume (or integral) scales.

The local-scale, the scale at which laws of continuum mechanics becomes
applicable, is defined through the concept of the mean free path of an energy
photon. This parameter unites both the volumetric and material properties of
the system. The way in which these properties change with the change in scale
is observed by measuring the distribution of gamma activity in a monitoring
network. The plume-scale variabilities in aquifer properties are characterized
collectively by the mean transverse and longitudinal extent of sedimentary
features from well to well. A method for determining the mean dimensions of
sedimentary layers is being developed. The characterization of scales at which
the method is applicable and development of mathematical methods for predicting
the fate of contaminants within the framework of energetic approach is underway.

Downhole Column Radiotracer Test Program - D. R. Champ, J. L. Young,
J. Jirovec, G.L. Moltyaner, J.F. Mattie, I.H.K. Cheung, G.M. Milton,
E.L. Cooper

The major portion of a series of in-situ field column experiments,
described in PR-PHS-HS-6 (AECL-9860), to assess the transport of long-lived
radioisotopes in overburden sediments has been completed. Experiments were
conducted with 1 2 5I, 99Tc, 85Sr, 237Np, 239Pu and 241Pm under nearly natural
hydrogeochemical conditions of the bedrock-overburden interface. Program results
are summarized below.

The geochemical analytical results coupled with the geochemical
modelling (see Geochemical Modelling of Downhole Column Geochemistry,
Section 3.4.3) results have established that the downhole column technique has
been developed to a stage where we can confidently carry out experiments under
conditions that are representative of the in-situ geochemical environment; the
geochemistry of the well waters and column effluents were insignificantly
different. In addition, the tracer recovery data confirmed that the current
technology ensures good control over the injection procedure. Further advances
in the technology to incorporate provisions for redox alteration of the columns
or alteration of the raicroflora could be achieved if desired.

Comparison of the geochemical data for the overburden wells and the
rock borehole supports the use of the Wallace Point site as an example of a site
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where rock waters are discharging to overburden. The geochemistry of the
overburden groundwaters and the rock waters are very close except for the
slightly elevated redox potentials in the overburden groundwaters; the latter
observation is the anticipated consequence of the discharge.

Chemical speciation studies confirmed that the iodine in all solutions
in this study was anionic. From the size and charge speciation studies on the
column effluents we concluded that the iodine transported in the groundwater
passing through the column was present predominantly (>90%) as the iodide, the
remaining small fraction was probably an organic-iodine molecule. The formation
of organic complexes in groundwater was evident in the speciation results for
the load solution. The latter occurrence was probably responsible for the
adsorption of approximately 25% of the loaded iodine tracer onto the column
sediments. The low distribution coefficient for batch tests with the iodine is
consistent with the predominance of readily exchangeable species such as the
iodide species. On the basis of these relatively short time frame and short flow
path experiments one can predict that a large fraction of the iodine in the
geochemical environment is very mobile. However, the observation of probable
organic-iodine molecules that sorbed to the column suggests that with longer
periods of exposure to groundwater containing natural organics, a very large
fraction of any iodide in solution may become complexed by organics and undergo
substantial retardation presumably due to interaction of the organic complex with
organics coating the sediments.

The downhole column experiments indicated that a large portion (30-100%)
of the technetium, loaded onto the columns as a completely dissolved anionic
species, sorbed onto the sediments while aerobic batch sorption tests indicated
a Kd of 0.04 ± 0.06 mL/g. The redox conditions in WP-1 and WP-3 may be
classified as mildly reducing as indicated by the presence of reduced Fe.
Projecting the Eh and pH data for our groundwater into a predominance diagram
for technetium it can be seen that at least part of the Tc(VII) may be reduced
to a Tc(IV) species under our experimental conditions. However, the predominance
diagram, which is based on thermodynamic data, may not reflect the real
situation. A more realistic picture of technetium behaviour appeared in a study
of technetium sorption during the transition from oxidizing to reducing
conditions (Lieser and Bauser, 1987). Comparison of our geochemical data with
that given by Lieser and Bauser suggests that the average Eh of our system
(= 200 mV) is close to the inflection point of the curve representing the
sorption ratio-Eh dependence. On that basis there is a significant potential
for moderate to strong retardation of technetium. In view of the Fe2+ content
of these groundwaters it is probable that a reduction reaction as noted above
occurred upon introduction of the Tc into the column. This study demonstrated
that Tc can be strongly retarded not only in strongly reducing environments but
also in mildly reducing environments such as that used in these studies.
However, despite the strong retardation, some continuing transport of Tc may
still occur as evidenced by the continuing low level release of Tc from the
columns operated in the anaerobic chamber.

The sorption and transport behaviour of strontium in this study agreed
with the results obtained from previous laboratory and field studies at CRNL.
Killey and Munch (1987) reported a distribution ratio of 4.8 mL/g for the Nitrate
Plant plume front after 28 years. From the modelling results for column 7 we
calculated a distribution coefficient of approximately 4.5 mL/g and from batch
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tests a value of 7.6 mL/g. The modelling of column 8 yielded a lower
distribution coefficient but this was probably the result of flow irregularities
in the column. The transport behaviour of strontium in the field column study
therefore agreed very well with the detailed data previously available for Sr
migration in the groundwaters at Chalk River. One anomaly in the data from the
current study was the presence of Sr as an ultrafilterable complex.

Under aerobic conditions in the groundwaters taken from the downhole
column site, the distribution coefficient from batch sorption tests for Np was
very low (0.35 mL/g), in agreement with the literature. However, under the
mildly anaerobic conditions of the field columns (Eh of = 0.15V) the retardation
of Np was very strong; after passage of 16 litres of groundwater a peak of Np
was still not seen. A small amount of Np did elute with the 3H peak, but that
can be attributed to the chemical shocking of the column with the load solution
which was slightly acidic. Once the initial pulse cleared, neptunium was still
being released from the columns but at a very low level; a total of less than
3% of the Np eluted after the 3H peak. The speciation study results showed
strong sorption of Np to both anion and cation exchange resins and to Chelex
resin; the most probable explanation for these observations is that Np was
present as a labile anionic complex that dissociates upon exposure to the cation
exchanger and Chelex resins. The size speciation supports this conclusion since
greater than 90% of the Np was excluded by a 500 MW ultrafiltration membrane and
hence it was not present as a simple inorganic species, such as NpO2

+. From
comparison of the speciation results for the load solution and the column
effluents it could be concluded that the Np might be present partially as a
polymerized species and partially as a complex with organics or in association
with precipitated iron. It is unlikely that polymeric forms of Np accounted for
the observed species and the geochemistry of the waters doesn't support the
occurrence of iron precipitation in the columns. Transport as an anionic organic
complex is therefore the most acceptable conclusion on the basis of the available
information. This study demonstrated that Np mobility was strongly retarded
under even mildly anaerobic conditions. The redox environment obviously plays
a role in determining the chemistry and transport of Np. Additionally, dissolved
organics appear to play a role in complexing and mobilizing Np. What is not
evident is the nature of the sorption process; it is not ion exchange, and may
possibly be a result of sorption to organic coatings. Despite the strong
retardation the data does show that Np can be released at low rates from its
sorption sites and transported in groundwater.

From the speciation results for the Am released at the point of 3H
breakthrough it was evident that the Am in the column effluent was present as
a very complex mixture of species. On the basis of the charge speciation results
we concluded that the most likely distribution of species was 25% as an anionic
species, 25 to 35% as a complex non-labile cationic species or a complex multiple
charged species, and the residual as a relatively small cationic species. The
size speciation confirmed the occurrence of colloidal or complexed species since
70% of the Am was retained by a 0.05 fim filter and the rest was retained by a
500 MW ultrafiltration membrane. A very small amount of the Am did break through
with the 3H, but the majority of the tracer was very strongly retained. However,
desorption of the strongly retained Am continuously occurred, « 0.04% of the
loaded tracer was released from the column after passage of = 200 column volumes
of groundwater. The column results support a distribution coefficient for Am
substantially greater than the batch sorption value of 38 mL/g. The Am released
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at slow rate was largely colloidal or pseudo-colloidal, since approximately 50%
was removed with a 0.4 /xm filter; the colloids or complexes of Am were on average
larger than those for Pu. The strong retardation of Am under mildly anaerobic
conditions, that are likely representative of the majority of deeper groundwaters
at sites of discharge to the overburden, is the most significant finding of this
work. The results also highlight the role of colloids and complexation, probably
by organics, in the release and/or transport of Am even in situations where
strong retardation of Am can be expected. This result is consistent with the
observed transport of Am at very low concentrations as anionic species in
contaminant plumes at CRNL (Champ et al., 1984).

Pu was strongly sorbed to the column sediments as evidenced by the very
low recovery from the columns, « 0.1% after passage of = 20 litres (roughly 200
column volumes) of groundwater; the release rate for Pu appeared to be about
twice that for Am. The strong retardation of Pu on the column under mildly
anaerobic conditions is qualitatively similar to that predicted on the basis of
the batch sorption results under aerobic conditions where a distribution
coefficient of 874 mL/g was determined. The speciation of Pu in column effluents
was very similar to that for Am, i.e. a mixture of anionic, non-labile cationic
complexes and relatively small cationic species. All of these species were seen
in the initial breakthrough and reflect, at least partially, the species present
in the load solution since the load was slightly acidic and would transiently
affect the chemistry on the column, probably long enough to facilitate transport
to the column outlet of some of the loaded tracer. The observation of mobile
anionic complexes is in agreement with the observed solution species in plumes
at CRNL (Champ et al., 1984). The proportion of Pu associated with large
colloidal particles was approximately 40%, compared to 70% for Am, the remaining
tracer in the effluent was also excluded by a 500 MW ultrafiltration membrane.
Perhaps more importantly, ~ 50% of the Pu continuously released at low rate from
the column was, like Am, greater than 0.4 /an in size, i.e. large colloidal or
particulate forms of Pu. Strong retention of Pu under most geochemical
conditions is predicted and the results of this study support that contention.
What is not generally acknowledged is our observation of colloidal transport
under "natural" geochemical conditions. The results of this study confirm our
earlier conclusion that strongly sorbed Pu can be released and transported as
colloidal or pseudocolloidal particles and complexes (likely organic).

Two columns, one actinide and one technetium, were subjected to
biogeochemical manipulation (described in Biogeochemical Alteration of Downhole
Columns, Section 3.3.3) and were returned to in-situ groundwater eluent. Two
other columns, one actinide and one technetium, were recovered and are now being
analyzed. Large volume samples are still being collected at the field site from
the remaining technetium and actinide columns in order to monitor release rates
over a longer time frame.

CHEMICAL SPECIATION OF LONG-LIVED RADIONUCLIDES IN A SHALLOW GROUNDWATER FLOW
SYSTEM
D.R. Champ, J.L. Young, D.E. Robertson and K.H. Abel
Water Poll. Res. J. Canada 19 (2) (1984) 35-54

RADIOSTRONTIUM MIGRATION FROM A 1953-54 LIQUID RELEASE TO A SAND AQUIFER
R.W.D. Killey and J.H. Munch
Water Poll. Res. J. Canada 22. (1) (1987) 107-128
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TECHNETIUM IN THE HYDROSPHERE AND IN THE GEOSPHERE I. CHEMISTRY OF TECHNETIUM
AND IRON IN NATURAL WATERS AND INFLUENCE OF THE REDOX POTENTIAL ON THE SORPTION
OF TECHNECIUM
K.H. Lieser and C.H. Bauser
Radiochimica Acta 42 (1987) 205-213

Biochemical Alteration of Downhole Columns - J.L. Young, D.R. Champ,
J. Jirovec

Experiments were conducted to supplement the Downhole Column Radiotracer
Test Program (see Section 3.3.3) by investigating the role of micro-organisms
in the transport of Tc, Np, Pu and Am in that groundwater system. The
biogeochemistry of column 3 (containing the actinides) and column 7 (containing
Tc) was altered by metering into the groundwater eluent a biocidal solution
containing a mixture of streptomycin sulfate, penicillin G, and chloramphenicol.
The effect of the biocide on microbiological activity was then monitored by
determining the numbers of bacteria present in the column effluent. A count of
colonies exhibiting different colony morphologies was also made. Coincident
effects on the release of the radiotracers were determined by monitoring the
effluent for each of the radiotracers. The results of these experiments are
presented in Figures 3.3.3D, 3.3.3E and 3.3.3F.
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On the basis of the results of laboratory tests the biocidal
concentrations used were adequate to inhibit growth of the microorganisms
naturally present in the groundwaters from WP-1 and WP-3. The actual response
of the microorganisms in the column to the biocide is shown in Figures 3.3.3D
and 3.3.3F. The response was very similar for both columns; an initial decrease
of 10 to 100 fold in the number of bacteria followed by a rise to or above pre-
biocide numbers as adaptation and selection occurred. The total numbers of
bacteria in each column were different, reflecting the different populations in
the two wells in which the columns were located. Following the biocide treatment
the selection that occurred actually led to bacterial populations in the effluent
that were substantially higher than those originally observed.

This observation does not necessarily reflect a larger population on
the column sediments but may indicate that the selected species are more readily
sloughed off from the sediments to yield higher solution concentrations. The
net effect of the biocide treatment was to alter the microbial species on the
column but not significantly alter the total bacterial populations. Therefore,
if the release of a radionuclide were associated with the general metabolic
activity of a bacterium we would not expect to see a change in the release rate.
On the other hand, if the release were attributable to a specific metabolic
property of a species, such as sulfate reduction, and we had selected for or
against that properly, we would expect to see either an increase or decrease in
the release rate of the radionuclide.

Release of Tc from column 7 was undetectable both before and after the
introduction of biocide. From this we conclude that the microorganisms present
in the groundwater and sediments of our site have no detectable effect on the
release and transport of Tc.

The effect of the biocide treatment on the release of Np, Pu and Am
from column 3 is shown on Figure 3.3.3E. Neptunium was undetectable in the
effluent both before and after biocide. The initial response to the biocide was
an increase in the release rates of Pu and Am by approximately 10 and 5 fold,
respectively. Subsequently the release rates dropped to approximately 3-fold
and 4-fold less than the pre-biocide release rates for Pu and Am, respectively
as the column system fully equilibrated. The latter release rates are considered
to reflect accurately the effect of the biocides. On the basis of the
geochemical analyses, the changes in water chemistry due to the biocide are
unlikely to influence the behaviour of the tracers; therefore, we conclude that
the changes in the release rates for Pu and Am are a function of the metabolic
activity of microorganisms on the column. Since the bacterial numbers in the
effluents after biocide treatment were at or above those initially observed the
decreased release rates for Pu and Am may be attributable to certain species.
However, without an equivalent analysis of the bacterial populations on the
sediments no firm conclusion can be reached.

Actinide Separation in Support of Downhole Column Test Program -
J.F. Mattie

The three actinides used in the downhole experiments conducted by the
Environmental Research Branch (Section 3.3.3) were 237Np, 239Pu and 241Am.
Following the experiment it was necessary to extract the actinides from the
sediment to calculate the mass recovery. The extraction was performed with aqua
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regia and the actinides were subsequently recovered from the extract by co-
precipitation with neodymium fluoride. Unfortunately the alpha spectra obtained
for these sources provided very poor resolution of the isotopes present.

Separation of the actinides prior to source preparation was required.
The method developed involved oxidizing the actinides to their highest oxidation
states. Under these conditions only Am co-precipitates with NdF3. Subsequent
reduction with NaN02 permits the removal of Pu as the fluoride; a stronger
reducing agent is required to co-precipitate Np. This technique needs refinement
in order to achieve total separation of the three actinides. In its present
form however, the resolution of the peaks has improved substantially.

GRNL-JAERI Collaborative Study of Radionuclide Release and Migration
at the Glass Block Site - R.W.D. Killey, K.J. Inch, D.R. Champ

In 1961, a set of glass blocks incorporating mixed radionuclides were
placed in a sand aquifer in the Perch Lake basin. The rates of release and
subsequent groundwater transport of the radionuclides have been periodically
investigated since then. The most recent comprehensive study, however, was
completed 17 years ago. In 1988 October, a proposal for a joint program to
update and expand on the study of the release and migration of radionuclides was
submitted by CRNL staff to the Japanese Atomic Energy Research Institute (JAERI).

As part of the proposal preparation, a methodology to leach
radiostrontium from contaminated aquifer sands was developed and tested. The
acid leaching method selected will remove 98% of 90Sr from sands that have had
long-term exposure to the radionuclide, and provides an extract that can be
analyzed by Cerenkov counting in a liquid scintillation counter.

In March of this year, we received notification that JAERI cannot
accommodate the Glass Block study in their 89/90 budget. They did, however,
indicate strong interest in pursuing the research in 1990/91. As a result, most
work for that program has been delayed for one year, although we will proceed
with establishing a detailed hydrogeologic framework for the study area. Some
work on selective leaching procedures will also be carried out during the next
half year.

Networks of Excellence: Groundwater Research Proposal - D.R. Champ,
R.W.D. Killey, R.J. Cornett, D.R. Lee

In 1988 November, Environmental Research Branch staff collaborated with
members of the Waterloo Institute for Groundwater Research and faculty from a
number of Canadian universities in the preparation of a proposal to the federal
government for support for a Network of Excellence in groundwater research and
in the development of saleable products and services. The initial due date for
selection of applicants to be supported under the government program was targeted
for 1989 March. The selection date has now been moved to 1989 July.

Radionuclide Sorption Phenomena - K.J. Inch, R.W.D. Killey

In an extension of our previous work on the relationship between the
surface area of soils and their capacity to sorb radionuclides, an additional
set of samples from the Nitrate Plant plume and from Waste Management Area A have
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been tested. For the Nitrate Plant plume, surface areas were measured on samples
for which in situ distribution ratios for 90Sr were already available. For the
Area A plume, existing samples were supplemented with data from soils and pore
waters collected 30 m and 50 m downgradient of the 1955 disposal pit (see Section
3.5.3 for more information). This latter sample set was collected, in part, to
try to extend the investigation of surface area - sorption effects to 137Cs and
2*1Am as well as broadening the radiostrontium data base.

Results of the 90Sr distribution ratio versus surface area correlation
for the Nitrate Plant plume confirm the linear relationship observed with the
earlier limited data set. Regardless of position within the plume or of sediment
type, surface area provides an accurate predictor of the long-term distribution
ratio for radiostrontium. In the Area A plume, however, 90Sr distribution ratios
versus surface area plot on two discrete regression lines -one for sands and
silts and a second for clayey silts. Neither line has a slope similar to that
observed in the Nitrate Plant plume. Clearly, in the Area A sediments there is
a significant difference in radiostrontium sorption by the two classes of
sediment. Whether this distinction stems from differences in the secondary
mineral coatings on the two classes of sediment, or if it reflects a direct
control on sorption imposed by primary minerals in the clay-sized fraction, will
be investigated in the next half-year - possibly in collaboration with staff from
the National Hydrology Research Institute (NHRI). We are also currently unable
to define the cause(s) for the difference in slope of the distribution ratio-
surface area regressions between the Nitrate Plant and Area A. There is
substantial evidence that the change in slope stems from differences in major
ion chemistry of the two groundwaters; this will also be pursued over the coming
months.

Unfortunately, we have as yet been unable to examine the relationship
between in situ distribution ratios for 137Cs and 2*1Am and surface area. The
extremely low levels of these isotopes in solution made it impossible to measure
distribution ratios using pore waters extracted from the sediment cores. Large
vo1 une water samples were collected and analyzed, but the very large spatial
variability in the sediment concentrations of cesium and americium has made it
impossible to determine reliable distribution coefficients. At present, it
appears that we may have to restrict further investigations to laboratory
testing.

3.3.4 LAKE AND RIVER PROCESSES

Modelling Nuclide Behaviour in Lakes - R.J. Cornett, L. Chant,
A.F. Vezina (Universite du Quebec), K. Wang (Trent University)

We have completed a sensitivity analyses of our mass balance model
describing the behaviour of trace elements and nuclides in Perch Lake (PR-PHS-
HS-4, AECL-9681). We have concluded that for close to steady-state conditions
the most important variable is the ratio of the distribution coefficients (KD)
in the water and in the sediments. Our previous simulations assumed that this
ratio was one.

To test this assumption, we measured the KD of several elements in the
bottom sediments. Cores of gyttja (fine, organic lake sediment) were collected
and processed under an inert atmosphere to minimize the changes in redox
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conditions. The KD of all of the elements tested was 10 to 1000 times lower in
the sediments than in the water. Preliminary laboratory experiments utilizing
several nuclides also support this conclusion. This new information has been
incorporated into our assessment models.

Using Bivalve Shells as Monitors of Aquatic Contaminants - R.J. Cornett,
B.A. Risto, D. Evans and B. Bourgoine (Trent University)

The objectives of an NSERC Team Strategic Grant proposal to test mussel
shells as recorders of environmental changes in lakes were described in the last
progress report. During the past 6 months we have tested methods of measuring
nuclide concentrations and stable element concentrations in the clam shells to
support our experimental work. Concentrations of several radionuclides (210Pb,
137Cs and 60Co) in the aragonite layers of the shells were below our detection
limits using conventional techniques. This limits the use of these isotopes and
they cannot be used to provide an independent age estimate of the shell material.
Trace metal concentrations in the clam shells tested to date are also very low.
Higher concentrations of most metals and synthetic organic compounds are found
sorbed to the organic coating on the shells rather than in the layers of
aragonite that we wish to use in our analyses. However, 90Sr and other alkaline
earth elements were easily measured in the shells of organisms collected in Perch
Lake.

To test pollutant accumulation in shell material, we initiated a series
of reciprocal transplants by moving animals from uncontaminated environments into
contaminated environments and vice versa during the fall of 1988. The first
transplanted clams were collected from Perch Lake during June 1989. All of the
clams survived the handling and the winter conditions in the lake. Preliminary
analysis of organisms transplanted into Perch Lake indicates that the soft
tissues and the shells contain higher levels of radioactivity than that measured
prior to their exposure to Perch Lake water. During the next few months we will
measure the distribution of 90Sr in the individual annual layers of aragonite
within the shell. If clam growth rings are to provide a useful record of
pollutant concentrations in the system then the activity should only be found
in the layers of aragonite deposited during the period that the clams were living
in Perch Lake.

Models of Groundwater Flow through Lake Sediments - R.J. Cornett,
B.A. Risto, C. Schmeing

The development of a simple method of estimating low rates of
groundwater inflow and outflow through the bottom sediments of surface waters
was documented in PR-PHS-HS-4 (AECL-9681). The technique uses a one dimensional
advection - diffusion model fitted to measured porewater profiles of a non-
reactive solute and the advection rate is calculated by a nonlinear least squares
technique. Key parameters needed to simulate the porewater profiles and to
calculate the flow rate are the diffusion coefficient, the correction for
tortuosity within the sediments, and the dispersion coefficient over the length
of the profile. To date, we have used several empirical theories to calculate
these values. To test the values we have used, we have designed a series of
experiments to provide direct measurements of these parameters.
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Measured tortuosity factors within the lake bottom sands are much higher
than the values we estimated from theory. More detailed measurements are needed
to explain this discrepancy. Also better estimates of the dispersion coefficient
are still needed. Preliminary results suggest that molecular diffusion can
describe the dispersion of HTO and Cl" in the porewaters because they diffuse
against the direction of groundwater flow.

The modelling of conservative, non-reactive tracers has been extended
to look at the influence of advection upon the distribution of reactive solutes
(e.g. 60Co and 90Sr). Preliminary results indicate that advection can alter the
distribution of these nuclides and of any other element that is not very tightly
sorbed to the sediments. The results of these calculations are supported by
preliminary measurements of the distribution of 90Sr in the sediments of Perch
Lake in two regions with different flow rates. More experimental measurements
are planned to test this hypothesis further.

Physical Modelling of Groundwater and Solute Flux into Surface Waters
D.R. Lee, C. Wels, D. Guyonnet, S.J. Welch

Natural seepage zones can be important in modifying the chemistry of
discharging groundwater, as for example in the precipitation (accumulation) of
heavy metals. However, spatial variations in the velocity and chemistry of
groundwater have confounded efforts to develop and evaluate field assessments
of chemical change in discharge zones. Also the preliminary finding last summer
that diffusion may move solutes downward into sediment, against advective flows
as high as 10 m/yr, provided incentive for setting up a laboratory system for
the study of seepage phenomena.

The initial goals of this work are: 1) to compare observed and
expected fluxes of reactive (e.g. Fe+2 and N03~) and conservative (e.g. Cl")
solutes through laboratory sand columns or tanks, 2) to develop and test methods
for measuring these chemical fluxes in natural settings, and 3) to compare model
simulations of discharge flux, for both conservative and reactive solutes, with
the observed fluxes. Later we intend to investigate the controls on contaminant
migration through sediments.

In the case of conservative or non-reactive solutes, the total flux
may be described from measurement of 1) concentration at a distance well below
the sediment-water interface, and 2) advective rate. However, for an estimate
of reactive-solute fluxes, the depth-concentration profile of the solute must
be measured, from deep in the sediment to the sediment-water interface. Results
can then be compared with predictions of chemical models. This approach rests
on the validity of the assumption that discharge zones can be represented by one-
dimensional, vertical profiles of porewater chemistry.

Work underway in Perch Lake is designed to test the one-dimensionality
of discharge zones. We are currently working to determine the nature of the
hydraulic and chemical heterogeneities that affect the parameters controlled in
the lab. The field-based work is also intended to show what other properties
may be important, namely lateral concentration variations in surface water,
thermal/convective mixing of surface water into sediment porewater, bubble
ebullition and biological mixing.
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The seepage facility includes four fibreglass tanks, each containing
Chalk River sand over basal layers of screen and coarse sand. Each tank is a
mesocosm of groundwater-surface water interaction. Tank 1 conditions the
groundwater pumped from a bedrock well in the basement of Bldg. 513. In this
tank, water flows downward through a thin layer of peat overlying the sand.
Simulated groundwater discharge conditions are created by piping water from the
base of tank 1 to the base of the other three tanks. Porewater flow is upward
in tanks 2-4. Each tank has a 15 cm thick layer of overlying "surface water".
This blanket of surface water is the result of mixing the upwelling "groundwater"
with CRNL tapwater that is fed into the surface water of each tank from a head
tank. The surface water of tanks 2-3 are mixed and circulated using air bubbles.

The flow of tap water (EC - 54 jiS/cm) into the tanks is about ten times
the flow of groundwater (EC - 790 /iS/cm). This fortuitous difference in chemical
composition of the two waters, and a mixing ratio of ten, provides strong
chemical gradients between the resulting surface water and the upwelling
groundwater.

At flow rates of 1.5 m/yr (tank #2), the groundwater feed became
anoxic, nitrate content fell and manganese was released from the sediment. The
thin layer of peat in the recharge tank is expected to maintain anoxic conditions
under the flow rates needed to supply the other tanks. This treatment is
intended to create, at the sediment-water interface, a redoxcline, the thickness
of which is governed by the combined processes of diffusion and advection.

In about a month, once chemical profiles have stabilized, the observed
total fluxes of iron, nitrate, calcium, manganese, etc. will be compared with
calculations based on concentration profiles measured with various sampling
methods. After a review of the field-based work in Perch Lake, additional
experiments will be conducted on mobility of selected contaminants in discharge
zones.

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

A program was initiated in the Spring of 1987 to estimate the
groundwater recharge from Lake 233 to the aquifer beneath the lake. Ir "iltration
was calculated using three methods based on:

1) average annual precipitation minus evapotranspiration for the Lake 233
catchment,

2) the Darcy equation using the measured or estimated values of hydraulic
conductivity of lakebed materials, and

3) contours of measured seepage rate.

The infiltrations calculated were 233,500, 352,400 and 44,100 n^'a'1

respectively. The first method was considered to be the benchmark to which the
other methods would be compared.

The second method using Darcy's Law closely approximated the first
method, in that this estimate assumed year round infiltration. Therefore, if
the estimate was adjusted to reflect the portion of the year where there was
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actual infiltration, the annual infiltration estimate would be 264,300 rn^a'1;
a reduction of approximately 25 percent.

The third method using seepage meters was low by a factor of five.
There are several possibilities for the erroneous measurements including:
seepage rates below the lower limit of reproducibility, gas blockage in the
tubing between the meter and the measuring bag, and lack of a good seal of the
meters into the lakebed. Seepage-meter performance is currently being evaluated
in seepage tanks where the seepage rates are controlled. This allows us to
measure meter response over a wide range of seepage rates. This will give us
an idea of the lower limit of seepage that can be monitored, variability of
measurements under constant seepage rate and possible clogging of sediments with
time.

A first draft report was written in the winter of 1988 and an abstract
of this report has been accepted for presentation at the National Water Well
Association conference, October 16-18, 1989. A manuscript will also be published
in the conference proceedings.

Permeability of Fine. Organic Sediments in Lakebeds - S.J. Welch,
D.R. Lee

Numerous studies have shown that permeability in soils and sediments
is largely governed by the proportion and size of the fine-grained component.
This is generally the conventional wisdom even where the fine fraction comprises
merely 5 or 10 percent of the total mass. And of course it is generally true
that the finer the sediment grains, the lower the permeability. However, little
work has been done on the estimation of permeability of largely non-granular,
highly-organic sedimentary material located in lakes. We are particularly
interested in such layers because they may control the rates of groundwater
recharge from lakes. Initial tests were performed using permeameter tubes that
contained a layer of medium-fine sand on the bottom, a layer of gyttja (fine,
organic lake sediment) and a column of water overlying the sediments. The sand
layer was 32 cm thick and the gyttja was 25 cm thick. The flow direction through
the permeameter was reversed between tests to see if the gyttja would migrate
into the voids of the sand lens thus lowering the overall hydraulic conductivity
of the column.

The hydraulic conductivity of the sand measurement alone was
4.32xl0~3cm«sec~1. When the gyttja was placed above the sand the overall
conductivity was reduced to 4.35xl0"Acm«sec"1.

Table 3.3.4A. Permeability of Simulated Lakebed Materials

SEDIMENT # OF TESTS FLOW DIRECTION HYDRAULIC CONDUCTIVITY
± STD. DEV.
(10"* cm.sec'1)

sand 3 UP 43 .2 ± 0 .0
sand/gyttja 2 UP 4 . 4 ± 1.32
sand/gyttja 2 DOWN 4.9 ±0.13
sand/gyttja 4 UP 4 . 1 ± 0 .18
sand/gyttja 3 DOWN 4 .5 ± 0 . 3 0
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Direction of flow through this 2 layer sediment had no effect on the
hydraulic conductivity of the simulated lake sediments. While the fine-grained
organic gyttja reduced the permeability by a factor of 10, this change was small
when particle-size alone is considered.

3.4 ENVIRONMENTAL ASSESSMENT - CRITERIA, TECHNIQUES AND IMPLEMENTATION

3.4.1 INTRODUCTION

Environmental assessment requires a model of transport processes linking
a source and an impact, usually dose. The magnitude of that dose will be one
of several factors which may have to be considered when the acceptability of a
given operation is to be judged. 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 required to obtain this information in
a form that can be used remain to be developed. To this end, hydrogeotechnical
skills are being developed and extensive site-specific information is being
gathered in geologically heterogeneous settings to assist in improving and
validating three-dimensional models used for waste management assessment. In
addition, validation studies, with one-dimensional models such as those
participating in BIOMOVS, using large data bases of actual measurements for model
performance evaluation and model intercomparison studies are helping to clarify
what experimental data are needed to improve the performance of assessment
models.

3.4.2 ENVIRONMENTAL DISPERSION MODELLING

PATURB Urban Pathways Model - E. Robertson, P.J. Barry

PATURB is a computer code being developed to model radionuclide
transport and to estimate dose in the urban environment following an accidental
release of radioactivity. Starting with air concentrations, the dry and wet
deposition of iodine and cesium radioisotopes and their long-term retention are
calculated for typical urban surfaces. These include roofs, walls and paving.
The code allows for several different types of material in each structural type.
Also included are grass and trees. Calculations have been made and submitted
for 3 scenarios of urban contamination requested by the urban pathway sub-group
of the Research Program on Model Validation coordinated by the IAEA (see details
later in this Section).
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BIOHOVS - P.J. Barry, S-R. Peterson, E. Robertson

The Spring workshop of BIOMOVS was hosted by the National Waste
Management Company (ENRESA) of Spain and held at Santa Maria de £1 Paular outside
Madrid in May. Six technical reports are now published and available from the
Statens Stralskyddsinstitut of Sweden. These include the reports for three
scenarios. Reports of two more scenarios are in the final stages of publication.
The penultimate meeting of BIOMOVS will be held in November in Ottawa. It is
jointly hosted by AECL and AECB.

A4 Scenario: Terrestrial Food Chains after Chernobyl - S-R. Peterson

At the BIOMOVS meeting in Japan, photocopies of all the observations
from the various sites, just as they had been submitted for the A4 Scenario were
received for evaluation. A thorough study of the quality of the data was made:
problem sites, for which correct modelling was impossible because of wrong input
data, and problem areas for which data on forage or milk concentrations were too
few to allow conclusions on dynamic behaviour to be drawn, were identified. The
results were included in a paper on the importance of observations which was
distributed to those looking at model predictions.

The observations were used to estimate parameter values for various
processes; these included concentration ratios (Bq per unit mass rain/Bq per unit
mass air) for iodine (131I) of 5.2 x 106 (7 sites) and 2.4 x 106 for cesium (137Cs)
(5 sites) and various loss rate constants for forage and milk after the passage
of the plume. The effect on CHERPAC (Chalk River Environmental Research Branch
Pathways Analysis Code) predictions, using daily fluctuations in percentages of
elemental, organic and particulate iodine rather than a set relationship, was
examined. Calculated I/Cs ratios in forage (adjusted for decay) have shown a
most unexpected variability: after the first rain, the ratio stabilized at
7.37 ± 2.14 (n-112) for all sites except Japan, Sweden and Italy where it
stabilized at 24.3 ± 2.4 (n-16) . No explanation has been found for this curious
phenomenon.

CHERPAC was calibrated site by site with the following results:

Dry Deposition (m.s'1)
(2 sites)

Wet Deposition
(m3rain/m3air)
(6 sites I;4 sites Cs)

% retained on forage
(2 sites)

Fm (transfer forage-+milk)
(9 sites I; 6 sites Cs)

elem. 0.0012;0.0118
org. 0.0003;0.0029
part. 0.0004;0.0043

elem. 6.6 x 10*-6.7 x 106

org. 4 x 103 - 4 x 105

part. 2 x 105 - 2 x 107

60%; 71%

0.0013-0.0083

Cs

0.0011;0.0112

1.8xlO5 - 1.04xl06

23%; 38%

0.0011 - 0.0173

The above values all fall within the limits chosen for uncertainty
except for washout velocities at Berlin.
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Using calculations, prepared by Owen Hoffman of Oak Ridge, of geometric
means and geometric standard deviations of the particulate/observed ratios for
the entire time-series, the peak period, the 30 days post peak and, for Cs, the
period following these 30 days, the time-dependent results for forage and milk
for the 12 participating models were analyzed. Specific behaviour of models was
addressed: over-prediction of iodine and cesium in forage after rain in rain-
sensitive models, reasons for successfully predicting the rate of the 2nd phase
of loss from forage, the role of modelling the speciation of iodine in
predictions of concentrations in forage, the ineffectiveness of a metabolic cow
in the model, etc. The analysis of the time-dependent results in forage and milk
was prepared and presented to Harry Koehler, the A4 working group leader. For
the 1989 May draft report, I wrote a chapter on time-integrated and time-
dependent results in milk for iodine and cesium, using Owen Hoffman's analysis
of the time-integrated results (25 models) along with my own analysis of the
time-dependent results. A chapter on methods of analysis was also prepared.

At the Spain meeting of BIOMOVS, presentations were given on the
analysis of time-integrated and time-dependent results in forage and milk; in
particular, to stimulate others to look at the analyses for trends I might have
missed. Upon return from Spain, other aspects of the results have been examined
to attempt to answer questions raised at the workshop.

Writing up of contributions to the final draft of the A4 report has
begun.

A5 Scenario: Aquatic Food Chains after Chernobyl - E. Robertson, P.J. Barry

The A5 scenario provides observational data for 3 lakes. One, in the
USA, was injected with 133Cs. The other two, in Norway and Sweden were
contaminated by fallout from Chernobyl. Modellers were requested to predict
levels of 137Cs in lake water, fish and sediments as functions of time following
contamination. Up to 6 models are represented including BIOLAKE from CRNL. The
observed levels of radio-Cs in the 3 reservoirs and the comparisons with model
predictions were made available to the modellers for the first time at the
meeting in Spain. It was evident that resuspension of sediments and/or run off
of 137Cs from the land were important for predicting levels in lake water. In
addition, the prediction of the levels in fish required detailed modelling of
the lake ecosystem. The usual simple concentration factor model could not
predict the dynamics satisfactorily.

Coordinated Research Program on Model Validation of the International
Atomic Energy Agency - P.J. Barry

A research agreement for the full 5 years of the program has been
entered into between CRNL and IAEA. Four subgroups have been set up to cover
terrestrial, aquatic, urban and multiple pathways. We have joined the first 3
subgroups. The action so far has been concentrated on assembling an
observational data-base of post-Chernobyl information and compiling lists of
interested modelling groups. The next coordination meeting is scheduled for
early December this year.
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RITE - S-R. Peterson, R.V. Osborne

Nothing to report.

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

LEGGO has been moved from NOS to NOS VE but before it can be used, it
must be converted from Fortran 4 to Fortran 5, among other changes.

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

Tritium (HTO) release data for Buildings 163, 250, 210, 468 and 150
have been entered into the STACDX file so that records are complete from
1980 January 02 to 31 May 1989.

Simulation of HTO Concentrations in the Ottawa River following the
Heavy Water Spill in HRU - R.J. Cornett, R. M. Brown

Following the detection of elevated levels of tritiated water which
discharged from CRNL into the Ottawa River on 88-12-08, a previously developed
simulation model of the river was applied to provide a rapid initial estimate
of the movement of the contaminated plume down the river. HTO transport was
modeled by formulating the conservation of mass equation as a one dimensional
Gaussian or Fickian model. Two sources of error caused the integrated total HTO
activity at Pembroke to be over estimated by a factor of 2 in the initial
simulations. First the amount of HTO assumed to have been released was too large
and second the dispersion coefficient used in the calculations was too high.
The simulations and measurements of HTO concentrations agree closely when the
simulation incorporates the differences in area of different river reaches,
different flow rates and dispersion coefficients which result from the changes
in roughness of the river morphometry. The simulated total activity of HTO at
Chenaux agrees (within experimental error) with the measured integral of
3.8 x 105 GBq. Based on this analysis, the mean integrated dose to an individual
from the HTO released during the entire event was ~ 0.015 mREM.

3.4.3 FIELD STUDIES

Site Capacity Report - K.J. Inch, R.W.D. Killey, J.H. Munch

As part of our service work for the Waste Management Technology
Division's (WMTD) low and intermediate level waste disposal program, the section
of the CRNL property northeast of Maskinonge Lake and outside the Clear Lake -
Mud Lake drainage basin was evaluated for areas with thick unsaturated zones.
Preliminary hydrogeologic studies were carried out on six sites within the study
area. A document containing the results of the investigation (including complete
data records, hydrogeologic analyses, and comments on site attributes and
liabilities) has been completed and accepted by WMTD. It is now undergoing final
review before release as a Technical Record series document.
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Geochemical Modelling of Downhole Column Geochemistry - J.L. Young

MINTEQAl, a mathematical geochemical model for predicting the
equilibrium behaviour of metals in a variety of chemical environments, has been
acquired. This model has several advantages over the mainframe computer version
of WATEQF that has been in use in our branch for many years. It is more
convenient and efficient (it runs on desktop PC computers with approximately 5
minute execution times for our data sets) providing faster results and allowing
immediate correction or modification of program inputs. It also is more
flexible, allowing several treatments of a data set by providing operator control
over the reactions that are allowed to occur.

WATEQF (Plummer et al., 1976) is intended to predict, on the basis of
a thermodynamics library, the dissolved species and degree of saturation in the
aqueous phase with respect to various mineral phases, using analytically
determined parameters such as pH, pe, temperature and concentrations of dissolved
elements. MINTEQ performs similar tasks on desktop PC computers. MINTEQ (Felmy
et ai., 1984), developed at Battelle's Pacific Northwest Laboratories by
combining MINTEQL (Vestall et al., 1976) with the thermodynamic data base from
the U.S. Geological Survey's WATEQ3 (Ball et al., 1981) is a recent addition to
the REDEQL (Ingle et al., 1978) family of models. MINTEQAl can calculate ion
speciation, solubility, adsorption, redox reactions, gas phase equilibria, and
precipitation and dissolution of solid phases.

MINTEQAl was tested successfully using the mainframe WATEQF as a
benchmark for comparison using the same input data set for a local groundwater
sample. The model outputs agreed very closely, especially considering the
potential variability in the two thermodynamic data libraries. Speciated charge
balances were almost exactly the same (0.67% vs. 0.68%), computed Fe+2/Fe+3 and
Mn+2/Mn+3 ionic speciations matched closely, and a good correlation was observed
between the calculated saturation indices (in particular for the iron bearing
minerals) . Based on these results, subsequent geochemical modelling will be done
using MINTEQAl because of its greater flexibility.

MINTEQAl was applied in the Downhole Column Radiotracer Test Program
(see Section 3.3.3). Analytically determined geochemical parameters were input
(water temperature, pH, pe, and major ion concentrations). Redox couples, Fe
and Mn, were input in equal concentrations (each half of the analytically
determined concentration of the element) and MINTEQ was allowed to compute
speciated concentrations. Adsorption algorithms were not used, solids were not
allowed to precipitate or dissolve, pH and pe were not allowed to vary, and ionic
strength was not fixed. Key output data included: charge balances (both
unspeciated and speciated), computed species molality, especially for the redox
couples, percentage distribution of the dissolved species, and the saturation
indices.

The model provided a comparison of overburden well waters, WP-1 and
WP-3, and borehole WP-2 (all waters were prefiltered through 0.4 /im filters).
Although minor differences are evident in the analyzed geochemistry, the MINTEQ
speciation of all three waters was very similar. For all three wells; both Fe
and Mn were predominantly in reduced forms (10~5 to 10'6 M reduced vs. 10"15 to
10"30 M oxidized), Fe+2 was predominantly ionic (>98%), the Fe+3 present w.s
predominantly as Fe(OH)2 and to a lesser degree as Fe(OH)3j and both Mn

+2 and
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Mn+3 were predominantly ionic (>96%). Charge balances were all within 2.4%
indicating reliable analytical results.

Speciated ionic strengths were similar and ranged from 2.656 to 3.097 x
10~3. In all three samples saturation index calculations predicted that the
following minerals would be at similar levels above saturation: chalcedony,
cristobalite, ferrihydrite, Fe3(0H)8, goethite, greenalite, hematite,
maghemetite, magnetite, quartz, mag-ferrite and lepido-crocite. No significant
differences were noted between the two overburden well water samples and the
borehole water sample.

The modelling results of the column effluents were very similar to
those for the well waters. Ionic Fe and Mn were predominantly reduced, Fe+2,
Mn+2 and Mn+3 were greater than 96% ionic while the small amount of Fe+3 present
was as one of the following three species in decreasing order of importance:
Fe(0H)2+, Fe(OH)3 (Aq) and Fe(0H),,~- The ionic strengths of the column effluent
samples ranged between 2.66 and 3.14xlO~3. Saturation indices were very similar
to those for the well waters. However, tremolite was noted to be slightly above
saturation in the effluents from columns 6 and 10. Greenalite was below
saturation in all column effluents in contrast to the well and borehole samples.
The charge balance difference for all effluents was less than 1.43%.

Probably the most noteworthy model output for these waters is the
supersaturation of the iron bearing minerals. Precipitation of these compounds
in the core columns or in the associated plumbing could have a profound effect
on radionuclide transport through coprecipitation or through the provision of
sorption sites. Also such compounds, if they remained in a suspended state as
colloids, could mobilize and transport radionuclides.

MINEQAl has proven to be a useful tool and has even greater potential
as we gain more experience in its use and as reliable, compatible thermodynamic
data for more radionuclides of interest to the nuclear industry become available.

WATEQ3: A GEOCHEMICAL MODEL WITH URANIUM ADDED
J.W. Wall, E.A. Jenne, and M.W. Cantrell (1981)
U.S. Geological Survey, Open File Report 81-1183

MINTEQ: A COMPUTER PROGRAM FOR CALCULATING AQUEOUS GEOCHEMICAL EQUILIBRIA
A.R. Felmy, D.C. Girvin, and E.A. Jenne (1984)
(NTIS PB84-1?7 48) EPA-600/3-84-032, National Technical Information Service,
Springfield, Virginia

A USERS GUIDE FOR REDEQL.EPA A COMPUTER PROGRAM FOR CHEMICAL EQUILIBRIA IN
AQUEOUS SYSTEMS
S.E. Ingle, M.D. Schuld, and D.W. Schults (1978)
U.S. Environmental Protection Agency, Cornalis, OR. EPA-600/3-78-024

WATEQF - A FORTRAN VERSION OF WATEQ, A COMPUTER PROGRAM FOR CALCULATING CHEMICAL
EQUILIBRIUM OF NATURAL WATERS
L.N. Plummer, B.F. Jones, and A.H. Truesdell (1976)
U.S. Geological Survey Water-Resources Investigations 76-13, 61pp
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MINEQL, A COMPUTER PROGRAM FOR THE CALCULATION OF CHEMICAL EQUILIBRIUM
COMPOSITION OF AQUEOUS SYSTEMS
J.C. Westall, J.L. Zachary, and F.M.M. Morel (1976)
Tech. Note 18, Dept. Civil Eng., Massachusetts Institute of Technology, Cambridge
MA

Hvdrogeologic Modelling of an Impermeable Barrier in the Lake 233 - Twin
Lake Aquifer - R.W.D. Killey, I.H.K. Cheung, G.L. Moltyaner

The Waste Management Technology Division (WMTD) is considering a region
between Lake 233 and Twin Lake as a site for a low level waste disposal facility.
In 1989 February, they sought assistance in predicting the effects of a
groundwater cutoff wall along the upgradient and lateral margins of the proposed
facility. The wall would serve to flatten the water table beneath the waste
management area, reducing groundwater flow velocities and increasing the time
for radioactive decay for any isotopes that might escape from the facility. To
assess the effect of such a barrier, a finite element simulation of the flow
system has been completed. Following calibration of the numerical model by
simulating head distributions in the unperturbed flow system, the model was re-
run with an extremely low-permeability barrier matching the geometry specified
by WMTD. Extremely fine finite element meshes adjacent to the barrier were
required in order to accommodate the extreme differences in permeability of the
barrier and the surrounding sands.

Results of the simulation indicate that the water table would rise by
a maximum of 1.5 to 2 m on the upgradient face of the hydraulic barrier and that
maximum flow velocities will occur at the corners between the upgradient wall
and the two lateral walls. Perturbations of the surrounding flow system are not
substantial. The study has been presented to WMTD in seminar form, and drafting
of a report has begun.

Atmospheric HT/HTO Ratios at CRNL - W.J. Workman, P.C. Jay, T.J. O'Kane,
J. Jirovec, R.M. Brown

Three surveys of atmospheric HT and HTO concentration downwind of the
reactors have been carried out under different wind directions and snow cover
to obtain base line data for studying the dispersion of any tritiated hydrogen
releases from the Tritium Extraction Plant (TEP) when it becomes operational.
A previous survey done in 1986 November was reported in PR-PHS-HS-2 (AECL-9352).
It was done over the same area studied in the first of these studies. The HT/HTO
ratio was found to range from 0.015 to 0.06.

The first survey was done on 1989 March 10 on a clear day, air
temperature 2°C, wind from the southeast (130°), speed 2.5 to 4.5 m/s. A
sampling grid of 8 points was laid out in the snow-covered forested area to the
northwest of the TEP. The HT/HTO ratios ranged from 0.014 to 0.025 showing no
correlation with distance. At 400 m from the reactor buildings the concentration
of HT was 3.5 Bq/m3, that of HTO 156 Bq/m3. At 1320 m, HT was 0.53 Bq/m3 and HTO
31 Bq/m3. Deploying the samplers in the bush by snowmobile proved a major task
and it was evident that better access is needed for continuing work. The
samplers, built for the HT release experiments, need long-lived power sources
and integrating flowmeters to get good absolute concentrations in addition to
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the HT/HTO ratio; in this case several stopped at some indefinite time during
the sampling period.

The next two surveys were done with the wind blowing over the built-up
area of the plant out to about 800 m. The sample points were accessible by road
and rather more spread out. On March 29 the wind from the NE (25C), 4 m/s, air
temperature 3°C, some snowcover. Four points showed HT/HTO ratios ranging from
0.025 to 0.033, not correlated with distance, but two points on the wind centre
line showed values of 0.196 at 335 m from the reactors and 0.15 at 1280 m. On
April 20, the wind was from the NW (300"), 4.5 m/s, air temperature 9°C, no
snowcover. The HT/HTO ratio increased from 0.014 at 300 m to 0.04 at 850 m and
0.11 at 2000 m. A point 170 m upwind of the reactors showed a ratio of 0.055.
The variation tended to be caused by variation of the HTO (228 to 9 Bq/m3) with
much less change of HT concentration (6.0 to 1.0 Bq/m3) with distance downwind.

Radionuclide Uptake by Trees - J.F. Mattie, E.L. Cooper

The migration of radionuclides from some of the CRNL waste management
facilities through shallow groundwater flow systems to wetland discharge areas
has provided opportunities for studying uptake by mature trees - something not
possible in laboratory experiments. The subsurface distribution of radionuclides
in these contaminated flow systems is, however, extremely variable. This has
made it difficult to relate contaminant concentrations in the trees with
radionuclide loadings in groundwaters and soils beneath the trees. Past sampling
has shown, however, that in at least many varieties of trees there is very little
lateral mixing of water and radionuclides; that is, one set of roots tend to
supply one set of branches and foliage,' and not the entire tree. If we can
identify which roots supply a certain branch of a tree, we can overcome much of
the difficulty associated with the heterogeneous nature of the aquifer
contamination, and obtain meaningful data on contaminant uptake. This spring,
we initiated sampling and experimental work for such a study.

Two sites have been selected for the radionuclide uptake investigations
- the East Swamp area, a wetland featuring low-level contamination by a wide
variety of radionuclides, and an aquifer and wetland adjacent to Waste Management
Area B, where the dominant contaminant is 90Sr. Large volume sap samples were
collected from four yellow birches in the East Swamp area to establish current
levels of contamination in the trees. These -u-- currently being analyzed.

In an attempt to determine the location of roots supplying a given
portion of a tree at Area B, 99tnTc was injected into the ground at several
locations adjacent to trees. The trees were subsequently monitored for uptake
of technetium by scanning with a collimated Nal detector. Uptake of the 99mTc
was not observed in these tests. When 99mTc was injected directly into a tree
trunk it moved outward from the injection point but it did not move noticeably
up the tree. This indicated that although the sap was under pressure in the
spring (it flowed readily from wounds in the bark), there was very little upward
movement during this period. Further work is planned during the summer when the
trees are actively transpiring.
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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 within the Branch, with external agencies,
and within CRNL. The methods, techniques and facilities in use are continually
being developed and expanded to meet changing demands.

3.5.2 INSTRUMENTS, METHODS AND ANALYSIS

Electronic Instrumentation - W.J. Beattie

Work is underway on five projects - a miniature radiotelemetry-based
data acquisition system for the measurement and recording of water levels from
observation wells, a microprocessor-based meteorological data acquisition system
for Perch Lake, an ambient radiation monitoring system for CRNL, a
microprocessor-based weatherproof multi-channel analyzer system and a submersible
gamma survey probe for use on ocean, lake, estuary and river sediments.

Miniature Radiotelemetry-based Data Acquisition System: Radiotelemetry is a
cost-effective means of collecting information from a number of points over a
wide area and is generally less expensive than using cables where distances
between sensors and recorders exceed 400 m. A system employing very small
transmitters (initially developed for animal tracking) has been developed, with
the initial application being measurement and recording of water levels from
observation wells. The system is currently installed at a site near Perch Lake
and is recording data from four observation wells. Fabrication of equipment for
an additional ten observation wells is underway.

Meteorological Data Acquisition System for Perch Lake: A microprocessor-based
data acquisition system was designed in 1985 to replace the existing unreliable
instrumentation at Perch Lake. The software for the system has been written and
tested in the lab. An additional feature of the system is a weekly test of the
power supply battery under actual power failure conditions, to ensure that there
will be adequate warning of premature battery failure. The system has recently
been installed at Perch Lake and is currently being tested under actual operating
conditions.

Ambient Radiation Monitoring System for CRNL: The radiation monitoring system
currently consists of four monitoring stations, one of which is located at the
base of the stack and is an effluent monitor. There are two ambient monitoring
stations along the Mattawa Road and one outside Building 513. The ambient
monitoring instruments were designed in 1958 and are presently considered
obsolete. The outputs from the monitors are connected to chart recorders in
Building 513. Attempts to digitize and store the data have been unsuccessful
due to high common-mode electrical noise on the Bell lines. A low-cost, low-
power data acquisition system has been designed; components are on order. An
equipment housing suitable for operation in a remote location has been designed
and fabrication is underway.
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Weatherproof Multi-Channel Analyzer System: A weatherproof version of the soil
moisture measurement computer has been fabricated and tested in the lab. The
system is currently ready for field testing.

Submersible Gamma Survey Probe: A gamma survey instrument based on the Model
AEP 5302A Survey Meter has been developed. The instrument is contained in a
submersible housing and is capable of use on ocean, lake, estuary and river
sediments. The probe also contains a conductivity cell. The unit has been
tested in the lab and field testing is underway. A patent application for the
gamma survey probe has been filed.

Analytical Instrumentation - P.C. Jay

Analytical work is continuing in conjunction with the study on
infiltration processes and snowineIt which characterizes the spatial variability
of ion concentrations and water equivalent in snow cores and spring melt water.
More than 2000 samples from snow cores, lined and unlined plots, multilevel
samples, precipitation and various lake and creek samples have been analyzed for
pH, major anions and monovalent and bivalent cations.

A new system of columns has now been installed in the Dionex Ion
Chromatograph, permitting the simultaneous analysis of both alkali and alkaline
earth metals under isocratic eluent conditions. There are still problems,
however, in using these columns for the determination of calcium and magnesium.
For samples in which the concentrations of calcium and magnesium are known, the
results are 30 - 40% too high for these two cations. Dionex staff have been
notified about our problem and are looking into it.

Analytical Quality Assurance

Participation in interlaboratory comparison studies as a means of
ensuring the quality of our analytical methods has been continued. Samples from
the 19th and 20th interlaboratory comparison have been analyzed and the results
reported to the National Water Research Institute, Burlington, Ontario for
comparison with other participating labs. Results show our results were
considered satisfactory and ranked in the top 20% of the more than 60
laboratories participating.

Hydrologic Data at Perch Lake

The stream gauging weir at Perch Lake outlet is routinely surveyed and
water levels are taken manually twice a week and correlated with the recorder
charts at the weir. The recorder chart is sent to Water Survey of Canada
(Environment Canada) for integration and estimation of flows. Routine checks
are done at #1 inlet, #2 inlet, main stream and east swamp stream to prevent
beaver from damming the streams, and removing the offending animals if necessary.
Heaters have now been shut off at both the veir plates and in the stilling-wells
of all the weirs in service.
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Investigation of Artifacts Introduced by Sediment Coring - L.A. Chant,
R. Park, R.J. Cornett

The method traditionally used to collect cores of lake sediment is
gravity coring, in which an acrylic tube is allowed to sink into the sediments,
sealed with a plunger, and withdrawn from the sediments. Problems encountered
with this method are " smearing " or dragging down of surface layers of sediment
along the tube wall and compaction of the core, causing the height of the
sediment recovered in the core tube to be less than the depth of penetration of
the core tube into the sediments.

We have performed several experiments using radiotracers to quantify
the amounts of smearing and compaction in gravity cores. Results of those
experiments suggest that gravity coring techniques can be improved to decrease
the amount of smearing but the technique cannot be modified to eliminate
compaction.

One method that may eliminate these problems is vibracoring. In this
technique, an ultrasonic wave is propagated along the core tube as it penetrates
into the sediments. The cavitation created by the wave is hypothesized to
minimize compaction. Perch Lake is ideal to test this technique because it is
shallow, with soft sediments (gyttja), and has easily measured profiles of
tritium and strontium in the sediments. We have constructed a preliminary
version of a vibracorer and will test its performance during the coming months.

Thorium. Uranium and Radium in Acrylic - G.M. Milton (in conjunction
with E.D. Earle and R.J.E. Deal, Neutron and Solid State Physics Branch)

Further experimentation with radium purification and recovery techniques
has been necessitated by the low radium recoveries reported in PR-PHS-HS-6. Both
coprecipitation with RaSOA and adsorption on Mn02-coated acrylic beads have
proved >90% effective in separating radium from the bulk of other ions commonly
present in acrylic residues after U and Th removal. Electroplated sources
prepared following desorption of Ra from MnO2 and Ra-Mn separation on Dowex 50
have contained >60% of the adsorbed Ra. However, recoveries resulting from a
similar separation of an ignited sample of spiked acrylic have so far been no
greater than 35%. Possible losses during ignition and tube washout are under
investigation.

Accelerator Mass Spectrometrv - G.M. Milton, R.J. Cornett, R.M. Brown,
with personnel of the Nuclear Physics and TASCC Branches

Samples were prepared for use by Nuclear Physics personnel in the trials
of 36C1 measurement in March. Cl-36 was detected but at very low yield. In
spite of the fact that the source material (Ag Cl) had been freshly precipitated,
36S was observed. However, the newly built Bragg counter successfully separated
the 36S and 36C1 peaks. In May a nC run was done primarily to develop ion
switching techniques. Three samples were reduced to carbon from CO2 by the Mg
reduction technique used in the past. Low ion currents (a few hundred nanoamps)
were again obtained. It is not clear whether the low ion currents are due to
source geometry or Cs beam steering and focusing problems. This will be
investigated in future experiments.
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In-situ Measurements of Gamma Activity - K. Seo (KAERI), E.L. Cooper,
R.J. Cornett

Immersion of a gamma probe into large samples of food stuff or other
environmental materials offers several analytical advantages. These include
rapid screening of large numbers of samples, more representative sampling of
large bulk items and continuous monitoring in-situ. To test the accuracy,
precision and lower limit of detection of a gamma probe system, a series of
experiments have been performed using *°K and 137Cs dissolved in large volumes
of water. These results suggest that a probe can be designed to screen samples
such as food stuffs rapidly following a release of radioactivity to the
environment.

Contamination Problems in Low Level Tritium Measurements - W.J. Workman,
R.M. Brown

Personnel: In late 1988 December urinalysis indicated that personnel in
Bldg. 513 were contaminated at a low level with tritium. At first this was
attributed to exposure during sampling for the NRU D20 leak, but after the year-
end holidays concentrations continued to rise. It was soon found that this was
associated with ventilation problems in the Dosimetric Research Branch FINS
facility, a neutron generator having a tritiated target. When the ventilation
faults were corrected, concentrations in personnel decreased with a 13 day half-
time. Maximum concentration reached in a worker in an office 30 m from the
entrance to FINS was 3600 Bq/L. Air concentration was 2200 Bq/m3. While these
levels were of no health concern they are reported as an example of the mobility
of tritium in the atmosphere and the possibility of contamination of low level
samples exposed to the air or handled by personnel contaminated by this air.

Combustion System: In preparation for analyzing organically-bound tritium (OBT)
in food items, efforts have been made to decontaminate a Parr combustion bomb
used for combusting tracer level samples from the site of the HT release
experiments. This has proved surprisingly difficult. Combusting polyethylene,
which should be tritium-free being of petroleum origin, combustion water of 216
Bq/L was obtained on several successive trials in our low background lab. It
is concluded that the contamination is tritium, diffused into the stainless steel
of the bomb head and combustion cup during prior combustions, and that it is
released very slowly.

Trials with an older quartz tube combustion system have given values
of about 60 Bq/L, still a factor of 10 higher than expected in the samples we
wish to analyze. Small amounts of tritium were found in the gases used (02 and
N 2 ) , but not enough to account for the contamination observed in combustions.

NRU D20 LEAK OF 1988 DECEMBER 08 - W.J. Workman, T.J. O'Kane,
E.L. Cooper, A.E. Docherty, K. Miyamoto, R.M. Brown

Air-borne Tritium

Air samplers built for the HT release experiments were deployed around
the plant area during the day of the NRU D20 leak to monitor for atmospheric HTO
concentrations. Air was drawn through traps containing Molecular Sieve A for
several hours. The Sieve was then equilibrated with 50 mL of water and an
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aliquot of this water counted by liquid scintillation counting. The detection
limit was about 1 Bq/m3. The batteries on these samplers proved inadequate for
the extended sampling period required. The varying flow rate made integrated
flow estimation inaccurate indicating the need for an integrating flow meter on
each sampler.

The highest concentrations, 25-35 KBq/m3, were observed at a point 200 m
southeast of the reactor building, consistent with the prevailing wind direction
during the sampling periods. This corresponds to about 4.5% of the ICRP Derived
Air Concentration (DAC). A concentration of 400 Bq/m3 was observed at a point
1.5 km downwind of the reactor. At no time after sampling commenced was there
a significant health hazard due to tritium in the outside air, on site or off
site. In the period prior to sampling, ventilation of the reactor building was
shut down so there should have been minimum discharge.

Tritium Released to the Ottawa River

Initial D20 inventory information indicated that there was no loss of
liquid D20 from the reactor building, hence ERB effort was concentrated on
atmospheric sampling. The routine daily samples from the Process Sewer were
not analyzed for tritium due to its low hazard relative to gross fly activity,
so the discharge of tritium to the river was not realized until the weekly
composite sample was analyzed 6 days after the release. When this showed the
presence of abnormal levels of HTO in the Ottawa River, a sampling program for
locations downstream was instituted. Concentrations at Petawawa and Pembroke
(18 and 35 km downstream of CRNL) declined after the start of sampling indicating
the peak had already passed. The highest concentration observed was 845 Bq/L
at Pembroke, believed from subsequent behaviour to be close to the peak value.
This is about 2% of the maximum acceptable concentration for prolonged intake
specified by the Canadian Drinking Water Guidelines. The complete pulse at
Pembroke extended over a 10 day period.

At Chenaux Falls, 106 km downstream of CRNL the complete pulse was
observed, providing an estimate of 3.8 x lO1* Bq (10,404 Ci) for the total amount
of tritium released. The peak reached Ottawa 22 days after release. Samples
from Ottawa provided by National Health and Welfare also covered the complete
pulse and gave an estimate of 4.5 x 101* Bq released. National Health and
Welfare detected tritium in the St. Lawrence River near Quebec City at the end
of January.

Expert Mission to Thailand for the International Atomic Energy Agency -
E.L. Cooper

The International Atomic Energy Agency requested that E.L. Cooper
provide expert services on a mission to the Office of Atomic Energy for Peace
in Bangkok, Thailand. The 6 week mission commenced on 1989 June 6. The
objectives are to provide training and expert advice on low-level alpha
spectrometry and on low-level analysis of actinides, and to implement a procedure
for the determination of isotopes of Pu and Am in food and environmental
materials.
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3.5.3 SITE MONITORING

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

During the past half-year we have continued to provide streamflow data
for the site monitoring program for Inlets 1 and 2, the Powerline Road (Main
Stream), East Swamp Stream, Lower Bass Creek, and, partially, for Perch Creek.
The lack of heat at this last location led to freeze-up of the weir plate and
destruction of the pressure transducer.

Weather at the end of 1988 prohibited completion of the dilution gauging
tests that were initiated in November. Dilution gauging tests of all of the
streamflow stations listed above were completed this spring. In general,
agreement between weir measurements and the dilution gauging results were within
5%; we are carrying out additional tests at locations where differences between
measurements exceeded the 5% figure.

Waste Management Area A - K.J. Inch, R.W.D. Killey, J.H. Munch

In March two boreholes located 30 and 50 m downgradient of the pit used
in 1955 (for disposal of mixed radionuclides in acid solution) were continuously
cored and instrumented with multilevel piezometers. Core sections were
centrifuged immediately after sample collection to extract pore waters, and the
waters and sediments were analyzed for 90Sr and for gamma-emitting isotopes. In
addition to the radiostrontium, soil samples contained 137Cs (maximum
2,790 Bq.g"1), 2<llAm (maximum 26.8 Bq.g"1), and low levels of 154Eu and 155Eu
(maximum 0.6 and 1 Bq'g"1, respectively).

In most cases, the pore water samples were too small to yield detectable
quantities of gamma-emitting radionuclides. Large-volume water samples were
collected from the multilevel piezometers, and many of the samples yielded
detectable 137Cs and 241Am. Unfortunately, because of the very rapid changes in
soil concentrations of these isotopes over short vertical intervals, it has
proved impossible to derive reliable in situ distribution ratios for the cesium
and americium. Such ratios have, however, been determined for 90Sr.

In addition to the radionuclide analyses, grain size and surface area
have been measured on 212 samples from these two boreholes. Surface area -
distribution ratio relationships are discussed in Section 3.3.3.

Radionuclide Releases and Migration from Waste Management Area B -
R.W.D. Killey, J.H. Munch

In the early 1950's radioactive wastes were placed In unlined trenches
in the northern section of Waste Management Area B. From continuing surface
water monitoring programs, and from a soil and vegetation survey in 1988, we have
determined that between 150 and 180 GBq of 90Sr have entered an adjacent wetland
between 1957 and the present. Earlier subsurface work around Area B showed that
most of this contamination was emanating from the unlined trench area. In
preparation for a remedial action program, we have started detailed hydrogeologic
and geochemical studies of the site.
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During the past half-year we have drilled, sampled, and instrumented
32 boreholes within the northwest section of the Area B compound and at up- and
down-gradient locations. At all locations complete depth profiles of the
unconsolidated sediments were sampled. Two boreholes were extended into bedrock
by diamond drilling and core recovery. Multiple piezometers were installed at
all locations where the drilling penetrated more than 2 m of saturated soil.
A work order for surveying and position control for the observation wells has
been issued.

All observation wells have since been pumped twice to remove at least
one pipe volume on each occasion, and regular water level measurements have been
instituted. Single well response tests, to determine the permeability of the
sediments underlying and adjacent to Area B, have been carried out at 15
locations. Groundwater samples were collected at 9 locations and major ion
analyses have been completed.

Radionuclide identification and distribution data are being acquired
through a combination of field and laboratory measurements. All boreholes within
the Area B compound in the region of interest have been logged for the
distribution of activity using the in-house borehole gamma logger. We are
currently analyzing soil samples for beta and gamma activity. Groundwater
samples have been analyzed for 3H and 90Sr, and were checked for total gamma
activity using a wide-window Nal detector.

The study has shown that the group of unlined trenches in the northwest
corner of Area B are indeed the primary source of radiostrontiuin that discharges
to the wetland west of Area B. Stratigraphy in the study area is a thin
(approximately 3 m) deposit of sand overlying glacio-fluvial, stony, silty sands.
This lower unit consists for the most part of poorly sorted glacial till, with
thin, discontinuous layers of stratified silts, sands, and gravelly sands. Based
on the single well tests and observed hydraulic gradients, groundwater flow
velocities beneath the unlined trenches average 30 m«a . Given the
heterogeneities observed in the glaciofluvial unit, however, we can expect large
local deviations from the average value. Water table contours confirm that an
area of seepages at the north end of the wetland west of Area B is indeed the
focus of discharge for groundwaters passing beneath the region of interest.
Measured discharge rates from the seepage area range from 4.5 to 11 l^min"1; from
data on the quantity of precipitation available for groundwater recharge, the
source area for the seepages is in agreement with the source area indicated by
the water table contours.

Although the gamma spectral analyses currently underway have found local
contamination with 137Cs and 2UAm, almost all of the aquifer radioactive
contamination is 90Sr. This is in agreement with radionuclide analyses of the
water discharging from the contaminated seepages. The drilling program has
provided an approximate 15 m grid in the area of the unlined trenches, but even
with this relatively close spacing, it is not possible to delineate any well-
defined plumes of contamination. Instead, levels of radiostrontium contamination
vary in an irregular fashion; there is no doubt that there are a number of
sources of varying intensity releasing 90Sr to the underlying aquifer. Borehole
scan measurements show very rapid vertical variations in radionuclide content.
Because of the spatial heterogeneity of 90Sr contamination, we have currently
used a simple average of all of the borehole measurements to estimate the total
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quantity of radiostrontium in the flow system - that estimate is 5.5 TBq.
Current information on in situ distribution coefficients for the radiostrontium
is rather limited; observed values range from 0.22 to 367 mL'g"1, with a mean of
60.5 mL.g"1.

At present, in addition to completing the radionuclide analyses, we
have been compiling data and preparing a draft report on the study. Plans for
a remedial action program are also being formulated. At present, we see the
remedial actions including methods both to prevent continued leaching of
contaminants from the unlined trenches to the underlying flow system and to
either immobilize or remove contamination already in the zone of saturation.

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 fourth quarter of 1988 and the
first quarter of 1989 and those for 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. Results from these stations are now included.

These measurements include both 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 monthly and yearly.

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

Indoor (shielded) and outdoor (unshielded) gar. ••. ray exposure rates
within the CRNL exclusion area are given in Table 3.5.3B.

Stations 17 and 18 are part of the monitoring coverage for the NRU heat
recovery program.

Station 26, inside Hie Public Information Centre, and Station 27,
outside the Centre were introduced in the first quarter of 1988 as part of the
planned expansion for the TLD network.

The higher rates reported for the first quarter of 1989 reflect the
continuous operation of NRX reactor for a five week period that commenced on
89-01-25.
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Table 3.5.3A Gamma Exposure Rates1 in Public Areas

Location Fourth Quarter First Quarter

1988 1989

1 5.6 12.8

2 4.3 8.9

3 3.4 4.4

4 5.6 5.9

5 3.5 4.9

6 Mountain View 3.9 4.9

7 3.0 7.4

8 5.6 12.3

12 Deep River 5.2 6.4

132 Quebec, CRNL

153 Harrington Bay 5.5 7.8

19^ Quebec, Oiseau

20 Gutzman Rd. Petawawa 4.3 5.0

21 Portage Rd. Petawawa 4.7 5.5

22 Lloyd Dr. Pembroke 4.3 6.0

234 Ft. William 3.4 4.4

24 Deep River Hydro 3.0 5.0

252 Quebec, Schyan

•••Natural 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 cor~-.fpond to those of the other TLD locations.

^Harrington B.r P.Q., 9 km south east from plant stack.

4Fort. Willif , P.Q. , 11 km south east from plant stack.

*1 R - z.,58 x 10"4 C.kg"1

1987
Average

7

6

3

6

5

5

6

7

6

7,

6.

4.

4.

5.

4.

3.

4.

6.

.2

.2

.7

.5

.8

.9

.2

.5

.2

.1

,7

,8

,6

3

2

7

2

0

1988
Average

7

4

3

5

3

3

3

5

4

11

5

4.

3.

4.

3.

3.

3.

5.

.0

.2

.1

.1

.3

.6

.4

.9

.9

.2

.9

.4

.9

.1

6

4

4

2
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Gamma Spectroscopy Calibration - P.C. Beaulieu, A.E. Docherty

New geometries were used in the efficiency calibration of the monitoring
section's gamma ray spectrometers.

By using styrofoam beads we obtained low density geometries enabling us
to count environmental samples, such as leaves or grass, with improved accuracy,
and by employing saturated calcium nitrate solutions we get higher density
geometries more suited to counting samples such as soil or sand.

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 9.9

17 - Bldg. 400 & 401

steam condensate

18 - Bldg. 400 basement

26 - Public Information
Centre (Inside)

27 - Public Information 20.2 35.4 - 19.5
Centre (Outside)

••-Sum of gamma natural background (excluding cosmic radiation) and airborne
contaminants from CRNL.

Fourth Quarter
1988

14.8

8.1

7.8

ria 9.9

6.7

9.9

11.2

First Quarter
1989

31.6

15.8

21.1

17.7

13.4

16.8

19.2

1987
Average

20.0

9.7

9.7

10.3

8.9

11.1

1988
Average

16.6

8.6

7.5

8.7

7.4

9.4

10.4

1 R - 2.58 x 10"4 C'kg"1
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Radionuclides in Precipitation and the Ottawa River - A.E. Docherty,
P.C. Beaulieu, T.J. O'Kane, W.M. Hartwick

Precipitation samples collected at Deep River were analyzed
radiochemically for 90Sr and spectrometrically for 137Cs and other gamma-emitters.
Monthly composite samples of water from the Ottawa River, collected at Rolphton,
Deep River, Pembroke and CRNL, were also analyzed for gamma-emitting nuclides,
tritium and 90Sr. The results for 90Sr and 137Cs concentrations in the Ottawa
River at Pembroke, Deep River and Rolphton are shown in Figures 3.5.3A and
3.5.3B.

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. In the Outer Area, Waste Management Areas
A and B are drained by Perch Creek which flows into the Ottawa River. Waste
Management Area C is drained by Duke Stream, Bulk Storage Stream and Lower Bass
Lake Inlet Stream. The former two combine and flow directly into Maskinonge
Lake; the latter flows into Lower Bass Lake first before flowing into Maskinonge
Lake. All are sampled regularly.

The mean daily releases from the Process Sewer are given in Table 3.5.3C
for the fourth quarter of 1988 and the first quarter of 1989. Most of the
radionuclides are measured by gamma-ray spectrometry. Other releases are shown
in Figures 3.5.3C and 3.5.3.D. The daily releases have been calculated from the
measured flow rates and radionuclide concentrations in individual streams.

Since we do not distinguish 239Pu from 2*°Pu and the two isotopes have
different half-lives, the values for plutonium therefore represent 239Pu plus
z*0Pu. The conversion factor is 1 mCi or 37MBq equalling 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 of this
radionuclide released during the fourth quarter of 1988 and the first quarter
of 1989.

The high fourth quarter release value in 1988, for the process sewer,
is due to the accidental release of tritium caused by the failure of main heavy
water pump #3 in NRU reactor on 88-12-08.

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).
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CONCENTRATION OF CESIUM-137

Bq/m3

0.3 %
TARGET

0.2 CONCENTRATION

- 0.1
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CONCENTRATION OF STRONTIUM-90

Bq/m 3

TARGET
CONCENTRATION

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

E3 PEMBROKE
• DEEP RIVER
• ROLPHTON

FIGURE 3.5.3A: Monthly Average Concentration of Cesium-137 and
Strontium-90 in the Ottawa River at Rolphton, Deep River
and Pembroke during 1988.

'Health and Welfare Canada's recommended target concentrations for Cesium-137
and Strontium-90 in drinking water are 5 x 103 Bqra"3 and 1 x 105 Bqm"3,
respectively. The target concentrations have been derived to correspond to 0.1%
of the ICRP recommended annual occupational dose-equivalent for continuous
exposure.
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FIGURE 3.5.3B: Monthly Average Concentration of Cesium-137 and
Strontium-90 in the Ottawa River at Rolphton, Deep River
and Pembroke during 1989

"Health and Welfare Canada's recommended target concentrations for Cesium-137
and Strontium-90 in drinking water are 5 x 1O3 Bqm"3 and 1 x 105 Bqnf3,
respectively. The target concentrations have been derived to correspond to C.1%
of the ICRP recommended annual occupational dose-equivalent for continuous
exposure.
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Radtonuclides in Surface Water at CRNL - 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
streams carrying contaminated seepage water from the Waste Management Areas into
Perch and Maskinonge Lakes (see Figure 3.2). Most samples were combined and
analyzed monthly for 3H as well as quarterly for gamma-emitting radionuclides and
90Sr. Strontium-90, 60Co and 3H remain the main contaminants in the Perch Lake
basin.

Argon-41 in the Stack Effluent - D.P. Wildsmith, P.C. Beaulieu,
T.J. O'Kane

Periodic sampling and Measurement of the ^Ar released from the main
reactor stack continues. These results provide a calibration for our continuous
A1Ar monitor on the stack. The rate of release of **Ar depends on the power
levels of NRX and NRU. In NRU, CO2 in the J-rod annulus replaces moist air to
reduce corrosion of the reactor vessel and it also reduces the 41Ar 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 C02 system.

The results obtained to date for 1989 are given in Table 3.5.3F.

Sampling
Date

Feb 14
April 12
April 20
June 14

Measured

NRU

TABLE 3.5.3F

UAR Releases From Main Stack - 1989

Time Power MW C02

09:04 Not Op
09:32 125 Normal
14:27 112 Leak
08:45 85 Normal

NRX
Power MW

42
38.8

Not Op
Not Op

Argon - 41
TBq-d"1 TBq-d"1'MW"1

205
307
191
27

4.9
1.9
1.7
0.3

Survey of Trees Looped near the Stack - A.E. Docherty, W. Hartwick,
P.C. Beaulieu, T.J. O'Kane

A pilot forest management project on CRNL property was started late in
1988. A survey for possible radioactive contamination was carried out on eleven
composite wood samples from Stand 86 near the reactor stack and on a composite
background sample prior to logging operations in that area. A summary cf the
results is shown in Table 3.5.3G.
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Nuclide

Tritium
(tissue free H20)

Cs-137

K-40

Be-7

Gross Beta

Gross Alpha

Table 3.5.3G

Background Sample
(Bq/kg)

*

5.4

68

35

180

1.75

Stand 86 Samples
(Bq/kg)

390-1440**

5.4 - 21

44 - 73

23 - 48

150 - 210

1.7 - 2.1

* Not analyzed for tritium. Typical value, well removed from the influence
of CRNL, would be approximately 10 Bq/kg

** Bq/L of tissue free water in samples

Representative sampling has been carried out throughout cutting to date
and will continue until the end of operations in this area. No appreciable
levels above background, other than the anticipated tritium enhancement in this
location, have been detected so far.

Revision of the Emergency Procedures for the Environmental Research
Branch - E.L. Cooper

During an emergency the Environmental Research Branch provides dose
predictions based on plume dispersion modelling and dispatches survey crews to
determine the extent of contamination and the dose rates offsite. In order to
ensure that the Branch is prepared to fulfil these roles, an emergency plan has
been drawn up. Earlier this year, the plan was revised to incorporate elements
of the Ontario Provincial Emergency Plan and to reflect lessons learned in
previous exercises and Stay-ins.

3.5.4 MONITORING IN ASSOCIATION WITH OUTSIDE AGENCIES

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

CRNL has been operating a monitoring site for CAPMoN since the summer
of 1978. The objective of the network is to determine the temporal and spatial
variations of the deposition and concentrations 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
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(S04"), nitrogen compounds (N03"- NH4+), chloride (Cl'\ metal tons (Na+, K+, Ca++,
Mg**), pH and electrical conductivity.

A co-operative study begun in the summer of 1988 between Canada and the
U.S. is planned to last two years. The purpose of this study, the Eulerian
Model Evaluation Field Study (EMEFS), is to evaluate the performance of computer
models that predict the manner of air pollutant transport by weather systems.
The data provided by the CAPMoN Network will be used to evaluate these models.
In this field study, the performance of the models is being evaluated from the
Ontario-Manitoba border eastward through to the Maritimes but excluding
Newfoundland and Labrador.

In preparation, in May 1988, additional monitoring equipment was
installed at participating CAPMoN sites. In addition to the existing standard
rain gauge and Nypher snow gauge, a Belfort precipitation gauge has been
installed. This gauge has a chart record and is also linked to a Campbell
Scientific 21X data logger. The air monitoring system has been replaced with
a redesigned, improved system; data from this system is also sent to the data
logger. An ozone monitor which measures ozone at ground level has been added,
and this data too is put into the data logger.

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 1989 January 01 to June 30. During this period there have been
70 measurable precipitation events having a mean pH of 4.2. This compares with
a total of 69 precipitation events having a mean pH of 4.25 for the same period
in 1988. The total precipitation amounts for these two periods were 384.4 mm
and 333.7 mm respectively.

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. During the night of 1989,
March 6, the temperature dropped to -29.0"C which was a record for this date.
The lowest temperature for March from 1963-89 occurred on 1967, March 8 when the
temperature dropped to -29.4°C.

On May 8, a record snowfall of 12.2 cm fell during the night. The only
other year in the past 26 that we had a snowfall in May was 1977, May 8-9
(4.3 cm).

3.5.5 MONITORING OF THE NPD SITE

Hvdropeologic Investigation of NPD Landfill Site #2 - R.W.D. Killey,
J.H. Munch

In 1989 February the ERB was asked to perform a preliminary assessment
of a second small landfill site on the property of the Nuclear Power
Demonstration reactor (NPD) at Rolphton. Records indicated that the site, a
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Table 3.5.4A pH of Precipitation Events 1989

i Day

| 1
1 2
1 3

1 ^
1 5
1 6
| 7
1 8
1 9

1 11
1 12
1 13

1 15
1 16
1 17
1 18
1 19
| 20
1 21
1 22 |
I 23 |
1 24 |
I 25 |
I 26 |
1 27 |
1 28 |
1 29 |
i 30 |
1 31 |

1
Total
MeanpH|
1 1

| January

j Amount
I (ran)

| 7.6
| 0.2

13.0
1.1

1.6
1.2
0.6

1.8
0.4
1.6
2.4
10.2
5.6

8.2
0.4

1.0
0.2
1.2

58.3

PH

4.00
4.05

4.08
4.76

3.91
4.14
4.09

3.94
*
4.41
4.37
4.13
4.16

4.09 |
4.48 |

4.04 |

4.45 |
1

4.20 |
J

Precipitation measured in
Total precipitation
Mean precip (monthly)
.MsanpH

| February

I Amount
I (ran)

1.4

1.4
0.8

1.1

0.7
1.2

4.2

0.2
0.8
5.2
3.2

1.4

21.6

mm
384
64
4

pH

4.17

4.80
4.21

4.28

4.37
4.76

4.21

*
4.12
4.21
4.30

3.83 j

J
4.30 |

i

4 inn
1 inn
2

|* Insufficient precip. for pH reading
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former gravel pit, had been used for the disposal of rock rubble and some
construction debris dating from the initial excavation and construction of the
generating station. Following an initial reconnaissance of the site, an air-
rotary rig was contracted to drill 6 boreholes through the fill and the local
sands and gravels. Borehole logging was restricted to chip samples, and
piezometers were installed at the water table at each drilling location.
Following location and elevation surveying of the observation wells, static water
levels were measured and used to generate contour maps of the water table. All
piezometers were sampled for major ion chemistry, radtonuclides, and dissolved
organic carbon (DOC) following repeated pumping. All analyses except DOC were
performed by the ERB.

Results of the investigation confirmed the presence of rock rubble fill
in a portion of the former gravel pit. No other waste types were identified in
the drill cuttings. Results of the water analyses did not reveal any
contamination arising from the landfill; tritium concentrations are elevated
throughout the region as a result of stack emissions from NPD, and concentrations
beneath and downgradient of Landfill #2 are not significantly different from
those observed upgradient. There were no other radionuclide anomalies. Major
ion loadings in groundwaters beneath the fill area tend to be lower than those
in two upgradient piezometers, which have their screens placed in glacial till
instead of sand and gravel. Road salt contamination and the presence of
carbonate minerals in the till are believed to be the sources of the higher
dissolved solids content in the upgradient monitors.

A draft report, which concludes that there is no evidence of groundwater
contamination from NPD Landfill #2, has been submitted to the NPD Operations
branch for review.

Environmental Impact Assessment of NPD - R.W.D. Killey, A.E. Docherty,
R.J. Cornett, D.R. Lee, R.M. Brown, W.J. Workman, T.J. O'Kane,
L.A. Chant

As part of the decommissioning program for the Nuclear Power
Demonstration reactor (NPD), the Environmental Research Branch was asked to
summarize environmental impacts over the life of the station and to develop an
environmental monitoring program for the future. The program includes
preparation of a database with all available historic environmental information,
a set of sampling and analysis programs to define local radionuclide
distributions for the year after final closure (1988), and, as noted above, the
development of a long-term environmental assessment program.

Compilation of a database with historical release and ambient radiation
information has been completed. Information was gathered from Ontario Hydro
annual safety reports on reactor operations and, for the period between 1961 and
1973, from reports and memoranda in the CRNL archives. Radiation field
measurements around the station, and related gamma spectral analyses of soil
samples, have also been completed, and a report on the results is in preparation.
Soil gamma spectral analyses over the region covered in the tritium survey
described in PR-PHS-HS-6, Section 3.5.5 (approximately 5 km up and down-river
from the station) are underway. River sediment samples have been collected in
the vicinity of the NPD outfall; these are yet to be analyzed. Routine ambient
radiation measurements are being made at 4 stations around NPD, and the river
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water sampling program (Les Rapides des Joachims dam, Deep River, CRNL, and
Pembroke) is being continued. A schedule for environmental sampling for the
next 5 years has been proposed, and work on a report on the environmental impact
of NPD has begun.
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3.6 PUBLICATIONS AND PRESENTATIONS

3.6.1 PUBLICATIONS

THE IN-SITU ADSORPTION OF 9OSR IN A SAND AQUIFER AT THE CHALK RIVER
LABORATORIES
R.E. Jackson and K.J. Inch
Journal of Contaminant Hydrology, 1988 May 5, 4(1989) 27-50, AECL-9875

THE BIOLOGICAL HALFTIME OF RADIOACTIVE Cs IN POIKILOTHERMIC AND HOMEOTHERMIC
ANIMALS
H. Mailhot, R.H. Peters and R.J. Cornett
Journal of Health Physics, Vol. 56, No. 4 (1989) pp. 473-484

FIELD STUDIES OF RADIONUCLIDE MIGRATION
H. Nakamura (JAERI) and D. Champ (CRNL)
Journal of the Atomic Energy Society of Japan, Vol.31, No. 3 (1989) pp. 33-40

A METHOD FOR INSTALLING AND MONITORING PIEZOMETERS IN BEDS OF SURFACE WATERS
S.J. Welch and D.R. Lee
Ground Water., Vol.27, 1, (1989), pp. 87-90. AECL-9835

HYDRODYNAMIC DISPERSION AT THE LOCAL SCALE OF CONTINUUM REPRESENTATION
G.L. Moltyaner
Water Resources Res. Vol.25, No.5, May (1989) pp. 1041-1048

BIOACCUMULATION OF CESIUM BY AQUATIC ORGANISMS
H. Mailhot, R.H. Peters and R.J. Cornett
Verh. Internat. Verein. Limnol. Vol..23, Stuttgart, Oktober 1988. (1989)
pp.1602-1609

3.6.2 REPORTS

MONITORING OF AIRBORNE TRITIUM CONCENTRATIONS FOLLOWING THE HEAVY WATER SPILL
IN NRU ON 88-12-08
R.M. Brown and E.L. Cooper
January (1989) PHS-ER-11

MONITORING OF TRITIUM RELEASED TO THE OTTAWA RIVER FOLLOWING THE HEAVY WATER
SPILL IN NRU ON 88-12-09
E.L. Cooper, R.M. Brown and A.E. Docherty
Environmental Research, January (1989) PHS ER-12

SIMULATION OF TRITIUM CONCENTRATIONS IN THE OTTAWA RIVER FOLLOWING THE HEAVY
WATER SPILL IN NRU ON 88-12-08
R.J. Cornett
Environmental Research, January (1989) PHS-ER-13

MODELLING OF THE FLUCTUATIONS OF AIR POLLUTANT CONTRIBUTORS-RESEARCH AREA-AIR
QUALITY
E. Robertson and P.J. Barry
Ontario Ministry of the Environment, Ottawa, February (1989) RC-184
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INTERACTION BETWEEN WATER, SEDIMENTS AND RADIONUCLIDES
W.J. Snodgrass, P. McKee, R.J. Cornett and L. Stieff
Beak Consultants Limited, Research Report prepared for the Atomic Energy Control
Board, The National Uranium Tailings Program (NUTP) and Environment Canada
(1989), INFO-0291

SEDIMENT DATING ANALYSIS
B.A. Risto, R.J. Cornett and L. Chant
An Analysis Report prepared for Ministry of the Environment, Water Resources
Branch, Great Lakes Section (1989), MOE Contract # A-07357, CRNL Work Order 93417

3.6.3 LECTURES, PRESENTATIONS AND ABSTRACTS

GROUNDWATER FLOW THROUGH LAKE SEDIMENTS; SHOULD LIMNOLOGISTS CARE?
R.J. Cornett, B.A. Risto and D.R. Lee
8th Annual Meeting, Canadian Society of Limnologists, Quebec City, January 4-6,
1989

METHOD FOR MEASURING BENTHIC ELECTRICAL CONDUCTANCE USING A CONTINUOUSLY TOWED
PROBE
D.R. Lee and R.J. Cornett
8th Annual Meeting, Canadian Society of Limnologists, Quebec City, January 4-6,
1989

BIOMOVS - A ROVING COMMISSION
P.J. Barry
Oral presentation given at CRNL, January 31, 1989

PHILOSOPHIES OF SCIENCE
R.J. Cornett
Trent University Graduate Studies Program Lecture, January to March (1989)

STOCHASTIC MODELLING OF DISPERSION FROM ELEVATED SOURCES
E. Robertson
Oral presentation given at CRNL, February 21, 1989

CULMINATION OF 30 YEARS OF BIOSPHERE MODELLING
P.J. Barry
Workshop/Symposium on Radiation Protection: Past and Future, March 20-22, 1989

TRITIUM IN THE ENVIRONMENT
R.M. Brown
Poster Session presented at Workshop/Symposium on Radiation Protection: Past
and Future, March 20-22, 1989

A NEW IAEA COORDINATED RESEARCH PROGRAM ON RAPID INSTRUMENTS AND SEPARATION
METHODS FOR MONITORING RADIONUCLIDES IN FOOD AND ENVIRONMENTAL SAMPLES
E.L. Cooper
Poster Session presented at Workshop/Symposium on Radiation Protection: Past
and Future, March 20-22, 1989
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ISOTOPIC AND GEOCHEMICAL TRACERS OF SNOWMELT RUNOFF
C. Wels and R.J, Cornett
Ontario Ministry of the Environment Geochemistry Workshop, Dorset, Ontario,
April 9, 1989

MODELLING NUCLIDE CONCENTRATIONS IN THE OTTAWA RIVER ANALYSIS OF THE CRNL HTO
RELEASE
R.J. Cornett
Oral presentation given at CRNL, April 11, 1989

PARTNERSHIP FOR SUCCESS
D.R. Champ
Keynote Speaker for Education Week, Cobden, Ontario, April 25, 1989

PREDICTING CONTAMINANT TRANSPORT IN GROUNDWATER: RESULTS OF A MODEL VALIDATION
STUDY AT THE CHALK RIVER NUCLEAR LABORATORIES
D.R. Champ and R.W.D. Killey
10th Annual Conf. , Canadian Radiation Protection Assoc. , Victoria B.C. , April 30-
May 03, 1989

MODELLING OF TRANSPORT PROCESSES
G.L. Moltyaner
Ontario Hydro, Toronto, March 15, 1989

TECHNIQUES FOR ESTIMATING SUBTIDAL FRESHWATER DISCHARGES FROM MARINE SEDIMENTS
D.R. Lee
Seminar at Duke University Marine Laboratory, Beaufort, North Carolina,
May 4, 1989

A NEW METHOD FOR ESTIMATING GROUNDWATER FLOW THROUGH SEDIMENTS
R.J. Cornett and D.R. Lee
International Association for Great Lakes Res., May 30-June 2, 1989

PANEL DISCUSSION ON WASTE MANAGEMENT ISSUES
D.R. Champ, P.J. Harvey, D.J. Cameron and W.R. Taylor
Visit to CRNL by Renfrew County Council, May 31, 1989

CHEMISTRY OF SNOWPACK ACCUMULATION AND MELT IN A DECIDUOUS FOREST
E. Robertson and P.J. Barry
Eastern Snow Conference, June 06-08, 1989

A GROUNDWATER CONTAMINANT TRANSPORT MODEL VALIDATION STUDY AT THE CHALK RIVER
NUCLEAR LABORATORIES
R.W.D. Killey
Symposium onGroundwater Contamination, Saskatoon, Saskatchewan, June 14-15, 1989

SURFACE AREA AND SORPTION
K.J. Inch and R.W.D. Killey
National Hydrology Research Institute and Canadian Water Resources Association
Symposium on Groundwater Contamination, Saskatoon, Saskatchewan, June 14-15, 1989
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COMPLIANCE AND EMERGENCY RESPONSE FUNCTIONS OF THE ENVIRONMENTAL RESEARCH BRANCH
D.R. Champ
Presentation to Dr. R.C. Cairns, Director Nuclear Safety Bureau, Ansto Australia,
June 19-20, 1989

LOCATING AND QUANTIFYING GROUNDWATER CONTAMINANT FLUX TO SUFACE WATERS
D.R. Lee
Lecture for Centre Saint Laurent Environment Canada, Longueuil, Quebec, June 21,
1989

UPDATE OF ELECTRONIC INSTRUMENTATION
W.J. Beattie
Oral presentation given at CRNL, June 23, 1989

DOSE DISPERSION MODELLING AND EMERGENCY RESPONSE
D.R. Champ
Oral presentation at DND Conference, Victoria, British Columbia, June 26, 1989
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4. RADIATION BIOLOGY BRANCH

by

N.E. Gentner

4.1 STAFF

4.2 INTRODUCTION

4.3 MONOCLONAL ANTIBODY SCREENING OF RADIOPROTECTIVE ENZYMES

4.4 ESTABLISHING AN IN VITRO CARCINOGENESIS ASSAY

4.5 THE INVOLVEMENT OF TOPOISOMERASES AND DNA POLYMERASE I DURING HEAT
SHOCK-INDUCED RADIATION AND THERMAL RESISTANCE IN YEAST

4.6 RADIOTHERAPY (TUMOR) TREATMENT EFFICACY IN RELATION TO INDIVIDUAL
RADIOSENSITIVITY AS MEASURED BY THE GROWBACK ASSAY

4.7 SCREENING CANCER PATIENTS FOR ABNORMAL RADIORESPONSE

4.8 EFFECT OF TRANSFECTED METALLOTHIONEIN GENES ON PLANT RADIOSENSITIVITY

4.9 FLUORESCENCE LIFETIME STUDIES OF CELL TRANSFORMATION
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4.13 TRITIUM RBE FOR MYELOID LEUKEMIA INDUCTION

4.14 SCREENING HUMAN POPULATIONS FOR ABNORMAL SENSITIVITY TO CHEMICAL
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4.15 THE EFFECTS OF HYPERTHERMIA ON THE CYTOLYTIC ACTIVITY AND
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4.17 ONCOGENE ACTIVATION IN MOUSE TUMORS
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4.21 SCREENING HUMAN POPULATIONS FOR ABNORMAL RADIOSENSITIVITY
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4.22 VARIATION IN RADIOSENSITIVITY IN DIFFERENT LYMPHOBLASTOID CELL LINES
DERIVED FROM A SINGLE BLOOD SAMPLE

4.23 DETECTION OF MUTATION IN VITRO

4.24 HYPERCELL BIOLOGICALS

4.25 A COLLABORATIVE PROJECT BETWEEN THE UKAEA AND AECL: A COMPARISON
OF CHROMOSOME ABERRATION, MICRONUCLEUS AND GROVBACK ASSAYS FOR
RADIOSENSITIVITY

4.26 DEVELOPMENT OF AN ASSAY TO PREDICT RADIATION SENSITIVITY USING
PERIPHERAL BLOOD LYMPHOCYTES

4.27 FOLLOW-UP OF CRNL LONG TERM EMPLOYEES

4.28 THE INFLUENCE OF HYPERTHERMIA ON NATURAL KILLER CELLS

4.29 PUBLICATIONS

4.29.1 Publications
4.29.2 Lectures, Presentations and Abstracts
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4.1 STAFF

Branch Manager:

Secretary:

Professional Staff

T.J. Bichay
S.M. deToledo2

C.L. Greenstock
R.E.J. Mitchel
D.P. Morrison

Myers6

Unrau
Walker
Werner
Wyatt

D.K.
P.

J-A.
M.M.
H.M.

Student

C. Purvis

Attached Staff

N.E. Gentner1

L.J. Morel

Technical Staff

D.A.
E.

M.E.
D.M.
L.F.
M.

K.L.
J.

L.D.
L.T.
R.A.
J.W.
L.
R.
M.
M.

B.P.

Adams
Azzam3

Bahen
Cecil*-5

Courchesne
DeAbreau7

Gale
Jackson
Johnson
Joyce8

McCann
Murphy
Paterson8

Pilon
Plattner9

Sargent
Smith10

National commenced 89 May 08

D. Boreham (Ph.D. Grad. Student, Univ. of Ottawa)
D. Heller (under contract, Univ. of Ottawa, finished 89 May 31)
D. Knox, (Grad. Student, Univ. of Ottawa)
C. Roberts (collaborative work, Harwell Laboratories, UKAEA,

for 2 weeks, started May 29 & finished June 10)
J-P. Mao (Attached Staff, from the Hospital of Sauzhou Medical

College, Suzhou, China, for 1 year, commenced 89 Jan. 04)
H. Yang (Grad. Student, Univ. of Ottawa, commenced 89 May 1)

Deep River Science Academy (DRSA)

S. Cybulski
B. Kuehl
C.K. Ohno

commenced 89 May 08
commenced 89 May l»8
commenced 89 May 08



4-4

4.1 STAFF (cont'd)

1 Assumed position 1989 March 17
2 Finished 1989 May 29
3 Finished 1989 May 31
4 Short-term replacement for B.P. Smith, finished 1989 May 01
5 Short-term replacement for M. Plattner, commenced 1989 May 01
6 Branch Manager to 1989 March 16; presently Acting Director, Health

Sciences
7 Part-time three days per week, finished 1989 May 5
8 Job sharing 50%
9 Leave of Absence, commenced 1989 February 1
10 Leave of Absence, Riyadh, Saudi Arabia: resumed duties 89 May 08
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4.2 INTRODUCTION

The primary objectives of research activities in Radiation Biology Branch
are: to contribute to the worldwide bank of knowledge on the biological end-
effects of exposure of human beings and other living organisms to ionizing
radiation; to anticipate and identify potential problems in radiation protection
and to design experiments or methods for their elucidation; and to apply such
expertise and knowledge to improvements in health protection and to health care
delivery. Much of what we do is underlying research, wherein knowledge of and
abilities in the latest techniques and approaches are profitably applied and
exploited in the resolution of problems germane to radiation protection; no other
coherent radiobiology research group exists in Canada with this directed
approach. Increasingly, this expertise is applied as well to related agents,
such as chemical carcinogens and environmental genotoxicants: the major part of
the deleterious health effects of these may arise via mechanisms that can be
facilely probed through improved knowledge of ionizing radiation effects.
Obversely, exploration of the effects of chemical carcinogens are helping to
identify whether certain ionizing radiation-induced lesions may be more critical
than others, in terms of probability of the end-effect arising per unit number
of lesions or per unit dose (in general, chemical agents give rise to more
discrete and defined damage spectra than does ionizing radiation).

In our evaluation of mutagenic and carcinogenic hazards, more emphasis is
given to improved understanding of the effects of low dose, low dose-rate
exposure (that is, to the non-accident situation) than to high dose, acute
exposure. High dose effects, such as are derived from the existing human
epidemiological data, are included as a reference situation. The most critical
cellular target of concern is DNA, which is the carrier of hereditary (genetic)
information and the director of somatic processes in living cells. The vast
majority of radiogenic damage initially induced in DNA is essentially
'transparent' because it is efficiently removed -- and DNA structure and function
restored to normal --by enzymatic DNA repair processes. (These are themselves
coded for by instructions in DNA, and therefore subject to genetic alteration
with respect to efficacy, level, probability of error, or other performance
parameters). Hence it is not the amount of initial DNA damage -- for which dose
measurement serves as a surrogate -- that is of concern, but rather the amount
and nature of the unrepaired or misrepaired DNA damage that remains after the
biological responses to these initial insults have run their course. To
investigate these repair-related responses, which have emerged as a major
determinant in the ultimate level of deleterious biological end-effect, we employ
a variety of investigational modes (biochemistry, biophysics, cell biology,
genetics, immunology, and molecular biology) and a variety of test systems
(viruses, prokaryotes, simple eukaryotes, cultured human cells, and laboratory
mammals).

To accomplish our ends, present programs include: investigating the
interaction of DNA damage and repair on tumor promotion; the relationship of
cytotoxic immune cell activity to carcinogenic risk; manipulatable alterations
in the level of repair capability; radioprotective (antioxidant) enzymes and
substances; epidemiology; determining the range of radioresponse extant in
ostensibly normal persons (such as an atomic radiation worker population) and
whether abnormal radiosensitivity can be demonstrably associated with excess risk
of 'spontaneous' neoplasia; the development of site-specific mutagenesis assays
for genetic endpoints; human disorders associated with excess incidence of cancer
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and abnormal sensitivity to the cytotoxic effects of carcinogens; the
relationship of individual radiosensitivity to success of radiotherapy in cancer
patients; cell transformation as a model for carcinogenesis; and the carcinogenic
risk of inhaled uranium ore dust. All of these programs address aspects relevant
to radiation protection programs.

Important projects receiving major current outside support, and thus deemed
of high value to their co-sponsoring beneficiaries, are nearing completion this
year; these concern the relative biological effectiveness of tritium beta-rays
for the induction of myeloid leukemia in mice and an evaluation of the proportion
of persons in the general population who might be regarded as potentially at
increased risk of radiogenic cancer (because of abnormal radioresponse,
presumably due to inherited abnormalities in their DNA repair systems). A
program investigating the ability of beta-rays to accomplish steps in tumor
promotion has also received significant past support. A pilot project on the
carcinogenic effects of inhaled uranium ore dust, shortly to be initiated,
represents significant new outside support and promises to attract substantial
outside funding in coming years; as well, it gains us expertise in inhalation
toxicology.

The Branch continues to function as a ready and up-to-date source of
information on the biological effects of radiation for AECL, government agencies,
and others on request. We input data and suggestions to national and
international committees concerned with assessment of the biological hazards of
exposure to low levels of ionizing radiation. Our activities, by improving
understanding of how and why these effects arise, are aimed at reducing the
present uncertainties associated with estimation of the deleterious effects on
human health of exposure to ionizing radiation. This strongly supports the
nuclear option for electricity generation. It no longer suffices for us to be
able to say that these risks may be -- and likely are -- relatively low:
increasingly, we must seek to actively demonstrate that they are not high.

4.3 MONOCLONAL ANTIBODY SCREENING OF RADIOPROTECTIVE ENZYMES
- E.I. Azzam, C.L. Greenstock and M.D. Sargent

With the acquisition of a computer-assisted multi-well plate reader and
washer, the necessary equipment and supplies are available for the establishment
of hybridoma and monoclonal antibody production, purification, and testing.
Protocols have been designed to screen for the presence or absence of endogenous
radioprotective enzymes in radiation-sensitive and -resistant mammalian cells
in culture. In the first experiment, frozen stocks of hybridoma cells and
conditioned media brought from the former Medical Biophysics Branch, WNRE will
be used in an enzyme linked-immunosorbent assay (ELISA) of superoxide dismutase
in P388 murine leukemia cells.

4.4 ESTABLISHING AN IN VITRO CARCINOGENESIS ASSAY
- T. Bichay, R.E.J. Mitchel and R. McCann

The mouse skin tumor assay is a well accepted in vivo system for
determining the potential risk of cancer after exposure to various carcinogens.
This assay is well established in the Radiation Biology Branch at Chalk River
and is presently being used to determine the possibility of altering the risk



4-7

of tumorigenesis after carcinogen exposure. A drawback of the assay is that it
uses live mice, and up to 1.5 years may be required to complete an experiment.
This translates into longterm, and therefore expensive, projects.

We have recently established a cultured mammalian cell line that is
sensitive to carcinogens. The 10T4 cell line is a mouse embryonic fibroblast
line which can change to a malignant ("transformed") state after carcinogen
treatment; this is analogous to the scoring of papillomas and carcinomas on mouse
skin. We are using this cell line to score transformed malignant colonies on
the surface of the culture flask. This in vitro assay is relatively rapid;
usually only about 6 weeks are required to achieve results. To ensure that the
observed transformed colonies are in fact malignant, representative samples of
these have been injected into mice, and tumors have developed.

We are interested in various treatments that can alter the risk of
carcinogenesis after exposure of cells to specific carcinogens. We have found,
for example, that treatment of this cell line with gamma radiation followed by
a chemical carcinogen (MNNG) results in approximately additive lethality. The
yield of malignant colonies, however, after the combined treatment is much less
than additive; this suggests a 'protective' effect of ionizing radiation similar
to that observed in the mouse skin tumor assay. We are presently expanding these
preliminary experiments to test at which dose levels this phenomenon occurs and
whether these results correlate with those of the mouse skin tumor assay.

4.5 THE INVOLVEMENT OF TOPOISOMERASES AND DNA POLYMERASE I DURING HEAT SHOCK-
INDUCED RADIATION AND THERMAL RESISTANCE IN YEAST
- D.R. Borfham, R.E.J. Mitchel and A. Trivedi1

Using both a mutagenesis system in yeast and a skin tumor formation system
in mice, we have shown that hyperthermia can alter the risk of various steps in
the multi-step process of carcinogenesis. Previous results, using hyperthermia
and bleomycin, indicated that hyperthermia treatment temporarily altered the
"openness" of the DNA structure and allowed increased reactivity with the drug.
DNA "openness" or winding is controlled by enzymes called topoisomerases, and
it is possible therefore that some of the effects of heat on carcinogenic risk
may be mediated by the activity of these enzymes. We have therefore used our
yeast model system to investigate whether the response of mutants defective in
topoisomerase activity differs with respect to these effects.

We have previously reported that either a heat shock or a radiation
exposure can induce a temporary increase in the radioresistance of yeast. The
increase is absolutely dependent on the presence of a functional recombinational-
type DNA repair system: yeast defective in this repair process are not inducible
by either stress. Since it seems likely that heat and radiation signal the
induction of this DNA repair system by different mechanisms, we have attempted
to identify the process by which each stress acts. We have shown that yeast
defective in the DNA winding enzyme topoisomerase I have a higher constitutive
level of radioresistance than do wild type yeast, but are not further inducible
by a heat stress, whereas they are further induced by radiation exposure. This
result indicates that heat may act to signal the induction of recombinational
repair and the resulting radioresistance by inhibiting the action of
topoisomerase I: possibly, a lack of this enzyme function results in an altered
DNA topology which the cell interprets as a signal to constitutively activate
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the recorabinational repair genes. It can be further hypothesized that radiation
induced DNA damage also alters DNA topology in a way which the cell again
interprets as aa signal to further activate these genes.

Dosimetric Research Branch, CRNL

4.6 RADIOTHERAPY (TUMOR) TREATMENT EFFICACY IN RELATION TO INDIVIDUAL
RADIOSENSITIVITY AS MEASURED BY THE GROWBACK ASSAY
- N.E. Gentner, D.P. Morrison and C. Danjoux1

This is an on-going program which seeks to demonstrate that improved
efficacy in the radiotherapeutic management of tumors might be achieved by
predicating treatment rigour on a candidate cancer patient's individual
radioresponse, as assessed by an in vitro assay such as the CRNL Growback Assay.
In one selected cancer patient (CP) group, representing those exhibiting acute
radioreaction, our assay did (blindly) identify these donors as being highly
sensitive to low LET ionizing radiation. Tumor regression was rapid and
extensive in these CP's, even though less than half the normal treatment course
had been run before treatment-related complications developed. This suggested
that, in such a cohort, a relatively low dose could be used with equal
probability of cure but without untoward complications. Since our screening of
cancer patients pointed towards an appreciable range of response, this suggested
to us that CP's in the lower part of the radioresponse distribution might in
effect limit the dose that all CP's receive. This would be to the treatment
detriment of more radionormal patients (in the upper part of the distribution).

To support this hypothesis, we are seeking to determine whether a
prospective association exists between probability of cure and individual
radiosensitivity. This will be part of a follow-up study on the several hundred
CP's whose radioresponse is being assessed at present as part of the AECL/AECB
co-funded project on "Screening human populations for abnormal radiosensitivity".
Reliable data will require us to wait for the "5-year survival" of these CP
donors, however. Obviously we are interested in a more rapid indication of the
possible utility of such in vitro assays. Hence, in collaboration with the
Ottawa Regional Cancer Clinic, we are emphasizing study of a particular class
of CP's: those with head and neck cancers. These are usually treated with
radiotherapy, a physiological indicator of sensitivity (skin erythema) during
treatment is available, and a two-year term will more than suffice to determine
cure (these tumors have a relatively rapid progression). We have -50 CP
lymphoblastoid cell lines of this sort in hand or under establishment; the
Growback Assays are being run on these.

1 Head, Radiation Oncology, Ottawa Regional Cancer Clinic

4.7 SCREENING CANCER PATIENTS FOR ABNORMAL RADIORESPONSE
- N.E. Gentner, D.P. Morrison, M.M. Werner, J. Walker, D. Cecil,
T.J. Joyce, K.L. Gale, L.M. Paterson, C. Purvis, M. Sargent and B.P. Smith

Some 240 lymphoblastoid cell line (LCL) strains have been established (or
are under establishment) to date from cancer patient (CP) donor blood samples,
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largely furnished by our collaborators at the Ottawa Regional Cancer Clinic.
As they develop (i.e. as sufficient numbers of cells are elaborated for use in
freezing down 'seed' cultures), the strains are subjected to the grow-back assay
for determination of ionizing radiation sensitivity. Strains from about 150
donors have been tested to date. We are concentrating a major portion of the
group's effort on completing this cancer patient radioresponse distribution.

In the majority of cases, LCL strains have been developed from CP donors
using two established techniques: PHA/EBV and cyclosporin A/EBV. A preliminary
assessment indicates that there exists no systematic difference between strain
radioresponses obtained by the two procedures.

As data accumulate, we will be able to develop radioresponse distributions
for individual tumor types/sites.

A temporal plot of CP radioresponse (growback ratio vs. the order in which
the donor blood samples were received) has revealed that hypersensitive responses
are markedly more likely in the early strains, when we were relying on the
oncologists to send us samples, supposedly non-selected. We interpret this to
indicate that, in fact, contrary to our request, they were selecting donors,
perhaps on the basis of untoward clinical response to radiotherapy. No such
level of hypersensitivity is evident in the clearly non-selected sample
represented by our CP-LCL establishment process (December 1988-March 1989), when
we were obtaining every CP who agreed to have blood used for this purpose and
were travelling to Ottawa several times a week to transport these back to CRNL
for work-up. The 'early' samples included a number from the London (Ontario)
clinic, and we have received information that they may well have been selecting
donors on the basis of radiosensitivity inferred from clinical response.

The later CP samples were additionally clearly obtained prior to
commencement of treatment. Hence the possibility also exists that, in some
manner, a hypersensitive response in vitro may result from treatment. We wish
to re-test some of our non-selected donors after the CP's course of treatment
has been completed, in order to investigate this.

The type of radiosensitivity abnormality that seems to be present in
greater relative amount in the CP compared to the non-cancer radioresponse
distribution is radLoresistance. It was to accommodate this possibility that
we have, since the beginning of this project, referred to "screening for abnormal
radiosensitivity" as opposed to hypersensitivity. At least one prominent example
of genetic cancer predisposition (the Li-Fraumeni familial syndrome of brain and
breast cancer, and soft tissue sarcoma) has been demonstrably associated with
increased resistance to the cytotoxic action of ionizing radiation, largely from
work carried out in these laboratories during the term of the US NCI contract
(1982-85).

4.8 EFFECT OF TRANSFECTED METALLOTHIONEIN GENES ON PLANT RADIOSENSITIVITY
- C.L. Greenstock, D. Lefebvre1, J.L. Hawkins2 and S.C. Sheppard2

Metallothionein (MT) is a naturally occurring sulfhydryl-containing
material in living cells that can be radioprotective. By transfecting cells with
viral DNA containing the MT gene, the natural endogenous levels will be increased
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through increased protein synthesis initiated by new copies of mRNA transcribed
from the plant cell's DNA.

Analysis of all the experimental data on the effects of 5 and 10 Gy doses
of X-rays in Brassica campestris plants shows a marginal radioprotective effect
of the metallothionein gene, but the effect is offset by the adverse side effects
of the cauliflower mosaic virus used to accomplish the transfection.
Unfortunately, W.M. Cheliak of the Petawawa National Forestry Institute has been
transferred to Ottawa and his colleagues redeployed; without their collaboration,
this project cannot proceed further.

1 Queens Un'versity
2 Environmental Research Branch, WNRE

4.9 FLUORESCENCE LIFETIME STUDIES OF CELL TRANSFORMATION
- C.L. Greenstock and D.P. Heller1

The installation of the fluorescence lifetime instrument (FLI) moved from
WNRE has been completed. Several experiments have been carried out with
mammalian cells, using a one-step staining protocol with a fluorescent DNA
intercalant (ethidium bromide). A characteristic kinetic profile has been
obtained of the DNA-fluorophore complex in non-transformed, exponentially-growing
mammalian cells. The next phase of the work is to compare the fluorescence
lifetime results from these 'control cells' with those that have undergone cell
transformation (C3H, 10T1/2 cells), that show oncogenic expression (BW-1.BF161),
or that manifest an altered state of cell differentiation (MOLT-4, FELC, HL-60
cells). Some of these cell lines, previously cultured in the Medical Biophysics
Branch, WNRE, are currently being established for further FLI studies.

Carleton University

4.10 ONCOGENE SCREENING IN DRUG-SENSITIVE AND -RESISTANT CELL LINES
- C.L. Greenstock, S.M. deToledo, L. Courchesne and E.I. Azzam

Several DNA probes, extracted from plasmids, are being used in
hybridization studies with cellular mRNA restriction fragments separated by
electrophoresis (Northern blot). These experiments are to establish the presence
and level of expression in cultured leukemic cells of genes for growth and
differentiation, transformation, and for resistance to ionizing radiation,
chemotherapeutic drugs and heat. The P388 murine leukemia cells (provided by
G. Goldenberg, Manitoba Institute of Cell Biology) have been cloned after
selection for their sensitivity or resistance towards adriamycin toxicity. These
recombinant DNA studies may help explain the variability in cellular response
to ionizing radiation and other forms of oxidative stress, as well as genetic
and epigenetic processes involved in radiation response and in multi-drug
resistance.
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4.11 RESPONSE OF LEUKEMIA CELLS TO CHEMOTHERAPEUTIC AGENTS, RADIATION, AND
HYPERTHERMIA
- C.L. Greenstock, E.I. Azzam, B. Kuehl and R.E.J. Mitchel

Adriamycin-sensitive (P4) and resistant (P3, P7) clones of P388 murine
leukemia cells, provided by G. Goldenberg, Manitoba Institute of Cell Biology,
are being tested for their response to ionizing radiation, hyperthermia, and the
chemotherapeutic agents adriamycin and bleomycin. Preliminary results indicate
that the drug-resistant clones, which are known to be deficient in topoisomerase
II, appear to be more sensitive to both radiation and hyperthermia than the drug-
sensitive clones. Conversely, the clones that are sensitive to adriamycin are
not particularly sensitive to radiation or hyperthermia. These results suggest
that while topoisomerase may protect cells against ionizing radiation, it seems
unlikely to influence drug cytotoxicity.

Since both radiation damage and the cytotoxic action of chemotherapeutic
drugs are mediated by free radicals, then free radical scavengers should protect.
Consequently, the anti-oxidant enzyme superoxide dismutase and its polyethylene
glycol (PEG) conjugate are being tested for their possible protective effects
against irradiation and cytotoxic drugs. Conjugation with PEG is used to
stabilize superoxide dismutase, shielding it from proteolysis and other forms
of metabolic inactivation. Also, by interacting with membranes, PEG conjugates
may enhance intracellular uptake of the enzyme.

4.12 SETTING UP AN ELECTRON SPIN RESONANCE SPECTROMETER
- C.L. Greenstock

A Varian X-band ESR spectrometer, model E-109, possessing a variable
temperature aqueous flow cell has been set up, and plans made for various
collaborative projects. In-house projects include developing a biological
dosimeter (with A. Trivedi, DRB) using membranes, collagen or polysaccharides
as targets, studying radiation damage and damage migration at low dose-rates,
characterizing free radical scavengers as radioprotectors, using paramagnetic
probes in the diagnosis of cancer, exploring molecular mechanisms of
carcinogenesis, and investigating the use of liposomes to improve
chemotherapeutic drug efficacy.

4.13 TRITIUM RBE FOR MYELOID LEUKEMIA INDUCTION
- J.S. Jackson, M.E. Bahen, J. Murphy, H. Wyatt and D.K. Myers

The only animals remaining alive in the study on tritium RBE for induction
of acute myeloid leukemia (AML) in mice are from control group #10; these number
fewer than twenty-five (25). Minimal technical time is required for maintenance
and care of these few remaining animals, and for performing post-mortems, total
blood counts and differential cell counts on the blood smears of the animals
euthanized. The number of animals euthanized has decreased considerably. There
have been no animals found dead for several months. The data entry for the post-
mortem reports and blood analysis are up-to-date and form the preliminary
diagnosis noted below:
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Original number of nice 5336
Number of mice still alive 24
Number of preliminary diagnoses of

cases of myeloid leukemia:

Control 1

Xrayl 20
Xray2 41
Xray3 32

Total Xray 93

Tritium

HT01 26
HTO2 34
HTO3 46

Total HTO 106

Confirmation of these preliminary diagnoses, by histological examination
of sections of six or more fixed soft tissues and one decalcified bone section
per case, is required and presently underway. A major effort is being undertaken
to complete the histological sections of the remaining animals. To date
histological preparation for 2400 cases have been completed; analyses have been
completed on 1600. The AML data to date include two animals which, although they
died from some other cause, showed definite indications of early stages of
development of AML in the bone marrow slides (though not in the blood or other
tissues); these are included in the AML cases noted above.

It is currently anticipated that the RBE project will be finished close
to the originally scheduled target.

4.14 SCREENING HUMAN POPULATIONS FOR ABNORMAL SENSITIVITY TO CHEMICAL
CARCINOGENS
- L.D. Johnson, N.E. Gentner and D.P. Morrison

The Growback Assay has been adapted to other radiations (UV-B and UV-C
wavelengths, and to high- as well as low-LET ionizing radiation) and to chemical
carcinogens. Among chemical carcinogens, special emphasis has been given to
mitomycin C (MMC) for several reasons; prominent among these are that it induces
a type of cytotoxic DNA damage largely distinct from that resulting from exposure
to -y-rays, thereby allowing us to demonstrate the agent specificity of abnormal
sensitivity, and that it represents a major approach to tumor management by
chemotherapy. Our efforts continue to emphasize description of the wide range
of response characteristic of a cancer patient population and therefore an
inferred need to 'personalize' chemotherapy rigour on a person's particular
response to the treatment agent. But additionally, since the response
distribution among ostensibly normal (non-cancer) donors encompasses responses
equivalent to those manifested by strains from persons with model cancer-prone,
MMC-hypersensitive genetic disorders, we realize that hypersensitivity per se
may be indicative of an increased likelihood of developing cancer in a person
exposed to this or related agents. The present assessment indicates that breast
cancer in females may be associated with an elevated frequency of MMC-
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hypersensitivity in vitro. It may be noteworthy here that breast cancer
patients, in contrast, manifest a radioresponse distribution indistinguishable
from that of persons without cancer.

4.15 THE EFFECTS OF HYPERTHERMIA ON THE CYTOLYTIC ACTIVITY AND CYTOSKELETON OF
MURINE CTLs
- J.D. Knox1, R.E.J. Mitchel, and D.L. Brown1

Hyperthermia is being used clinically in the treatment of cancer.
Cytotoxic T-lymphocytes (CTLs), a type of cell able to attack cancor cells, are
commonly present in the heated tumor and the surrounding tissues, raising
questions about the effects of hyperthermia on CTL function. When heat shocked
at 42°C for 30 minutes, the ability of murine CTLs to lyse their malignant target
cells (TCs) becomes severely impaired. Partial recovery occurs within 8 hours.
A dye exclusion assay was used to demonstrate that such a heat shock does not
affect the viability of the CTLs and direct microscopic observations established
that their ability to bind to TCs was not impaired. Therefore, the killing step,
or steps, affected by the hyperthermia treatment are subsequent to TC recognition
and binding. Normally upon binding to an appropriate TC a rapid reorientation
of the Golgi apparatus and the microtubule organizing center (MTOC) occurs within
the CTL so that the two organelles face the TC. This orientation is a
prerequisite for efficient lysis. Immunofluorescence microscopy, using
monoclonal antibodies to tubulin, showed that the organization of the MTOC-
microtubule array is disrupted by heat shock and that recovery of cytolytic
activity is coincident with the reorganization of the MTOC-microtubule array.
These results suggest that the inhibitory effect of hyperthermia on CTL function
results from disruption of microtubule organization.

1 Dept. of Biology, Unviersity of Ottawa

4.16 IONIZING RADIATION IN TUMOR PROMOTION AND PROGRESSION
- R.E.J. Mitchel, R. McCann and J. Murphy

The mouse skin tumor formation system is being used to examine the effects
of chronic /?-irradiation on tumor promotion and progression. We had previously
reported that 0.5 Gy twice a week for 13 weeks did not act as a promoter in mice
whose skin was initiated with dimethyl benzanthracene (DMBA). We have now shown
that carcinoma appearance in these animals is also not different from that in
initiated animals receiving no radiation exposure. We have also tested chronic
^-radiation for its ability to act as a stage I or stage II promoter. In animals
initiated with DMBA and stage I promoted with TPA, chronic radiation as above
had no detectable action for either papilloma or carcinoma development, and
therefore is not a stage II promoter. When tested as a stage I promoter, however
(in animals DMBA initiated and stage II promoted with mezerein), there was some
evidence of a weak positive effect. Both papillomas and carcinomas increased
by about 20% when the animals received 0.5 Gy, twice per week for 13 weeks prior
to stage II (mezerein) promotion for a further 13 weeks.
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4.17 ONCOGENE ACTIVATION IN HOUSE TUMORS
- R.E.J. Mitchel, R. Pilon and S.M. deToledo

The process of carcinogenesis is thought, in some instances at least, to
be linked to oncogene activation and expression. We are probing the benign
tumors (papillomas) and malignant tumors (carcinomas) produced in our mouse skin
tumor system for expression of oncogenes. Employing a collection of 40 different
probes (oncogenes and growth factors from human and rodent origin), we are using
a dot blot technique to screen 32P c-DNA made from mRNA extracted from the
various tumors. We have thus far detected the oncogenes c-myc and Ha-ras as well
as 6 other growth factors in various tumors. These preliminary results are being
followed by Northern blot analysis to get more specific information on the size
and amount of message being expressed.

4.18 RADIATION INHIBITION OF HUMAN NATURAL KILLER (NK) CELLS
- R.E.J. Mitchel and J.P. Mao

High doses of radiation are known to inhibit the activity of NK cells but
the mechanism of inhibition is unknown. We have examined the inhibition of human
NK cell activity after cells were exposed to 7-radiation in the presence and
absence of O2. The NK cell activity was more radioresistant when the cells were
irradiated in the absence of oxygen; ie. the cells showed a radiobiological
oxygen effect for activity loss. However the oxygen enhancement ratio was very
large, about 5 compared to the usual values of 2-3 observed when cell survival
is measured. Hyperthermia treatment did not enhance the radiosensitivity of NK
cell activity, also unlike the results observed when cell survival is measured.
A competition experiment, where radiation-inactivated NK cells were added to
unirradiated NK cells, indicated that the lysis-inactive irradiated cells did
not compete for the target tumor cells; this result suggests that radiation has
inhibited the recognition and/or binding site on the cell surface. The NK cells
were markedly protected against this inhibition of activity by radiation exposure
when they were preincubated with IL-2. This lymphokine binds to the cell surface
and stimulates activity but also apparently protects the radio-sensitive cell
surface target.

These data indicate therefore that the radiosensitivity of NK cells in vivo
is likely variable and will depend on the activation by lymphokines like IL-2.

4.19 THE CARCINOGENIC RISK OF INHALED URANIUM ORE DUST
- R.E.J. Mitchel, J. Jackson and S. Linauskas1

Preparations have begun for the initiation of an animal study to
investigate the possible carcinogenic risk associated with a chronic inhalation
of uranium in the form of ore dust, as might be experienced by uranium miners.
This study is to be funded by the AECB with AECL acting as a subcontractor. The
experiment will first involve a pilot experiment of four months duration,
preliminary to a proposed main experiment involving continuous exposure of
animals for two years. We have finished extensive discussions with laboratories
in Harwell and at the NRPB, in Britain, the CEA laboratories in Paris and
Limoges, and the RCC laboratories (Switzerland), which have considerable
experience using a "nose-only" inhalation exposure system suitable for exposure
of rodents to uranium ore dust.
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In the preliminary experiment, we propose to expose rats to ore dust (45%
uranium) for about 5h/day, 5 days/week, for 14 weeks continuously. Three
different aerosol concentrations are planned. During and after the experiment,
various biological response parameters, as well as lung deposition of
radionuclides, will be assayed. This pilot study will not be continued to term
to assess carcinogenic risk, but rather is to be used as a "range finding"
experiment to assess maximum tolerable lung loading and metal toxicity. The
pilot experiment is expected to begin in the fall of 1989.

Dosimetric Research Branch, CRNL

4.20 ALTERNATIVE SCREENING ASSAYS
- D.P. Morrison, T.L. Joyce and L.M. Paterson

One of the principal requirements of a viable screening assay is that it
be sufficiently economical to allow the processing of large numbers of samples.
While the Growback Assay previously described (PR-PHS-HS-6) is considerably less
expensive than the survival of colony-forming ability assay used with
fibroblasts, we continue to investigate alternative methods of assessing
radiosensitivity in human cells in culture. To this end we have utteirptad to
adapt, in a modified Growback Assay, a technique for measuring mitochondrial
metabolic activity. The assay allows the measurement of the ability of cells
to enzymatically reduce a yellow tetrazolium salt, (3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl tetrazolium bromide [MTT]), to a purple formazan precipitate.
It is usually run using 96-well microtiter plates, allowing the processing of
large numbers of samples with a microprocessor-controlled spectrophotometric
plate reader. Some preliminary work on defining the numbers of viable
lymphoblastoid cells that must be present to provide measurable metabolic
activity, the kinetics of formazan production with various cell numbers at a
range of MTT concentrations, and the post-irradiation incubation time required
for reproductively dead cells to lose mitochondrial function, has been carried
out. We have just begun to investigate whether this technique does in fact allow
us to distinguish between cultured cell lines known from earlier work to be of
normal or abnormal sensitivity.

4.21 SCREENING HUMAN POPULATIONS FOR ABNORMAL RADIOSENSITIVITY
- D.P. Morrison, M.M. Werner, K.L. Gale and N.E. Gentner

The experimental screening, by the Growback Assay, of the radioresponses
of a population of ostensibly normal persons (those who have not presented cancer
and who do not exhibit features that are associated with known cancer-prone
disorders) has been completed.

The AECB requires that we furnish a statistically significant estimate of
the proportion that may be regarded as abnormally sensitive. The Review Panel
members for this AECL/AECB co-funded project have not demonstrated internal
agreement as to how this might best be accomplished. One member, for example,
favours application of a simple division point; we can and have evaluated our
data in this manner, by reference to the response of strains derived from donors
presenting the model radiosensitive, cancer-prone disorder ataxia-telangiectasia.
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In our original proposal, we had suggested application of a weighting procedure
and a two-tail £ test developed by Tarone et al. especially for comparing
survival curves, but since our results strongly indicate a non-random
distribution of responses, we no longer feel this is appropriate.

A temporal plot of radioresponse indicates that we may well have been
"missing" highly radiosensitive responses in the first part of this work,
possibly because our lymphoblastoid cell line strain establishment procedures
were not as good then; hypersensitive lines may be affected by their deficiency
in ways that relate to their likelihood of facile establishment.

4.22 VARIATION IN RADIOSENSITIVITY IN DIFFERENT LYMPHOBLASTOID CELL LINES
DERIVED FROM A SINGLE BLOOD SAMPLE
- D.P. Morrison, N.E. Gentner, M.M. Werner, T.L. Joyce, L.M. Paterson,
D.Cecil and K.L. Gale

To investigate the extent of the variation that might be observed in
lymphoblastoid cell lines derived from a single donor, procedures were developed
for obtaining cell lines from numbers of virus-treated, PHA-stimulate^ peripheral
blood lymphocytes sufficiently small that the probability was very high they were
derived from single cells. A set of clones derived from a blood sample from each
of 2 cancer patients was established. Each of the sublines in these two sets
was run through the Growback Assay, along with the independently derived
(presumably polyclonal) line established using our routine procedure.

For one of these sets, all 8 clones gave growback ratios (GBRs) that fell
within what is considered the normal range. The GBR from the polyclonal line
from the same blood sample was within the range defined by the clones. The
clones in the second set however showed a wider range of variation, some
exhibiting GBRs that fell in the sensitive range, while the rest (and the
polyclonal line) fell in the normal range. A "synthetic" polyclonal line
obtained by pooling samples from the 14 clones in this set also manifested a
normal radioresponse.

4.23 DETECTION OF MUTATION IN VITRO
- P. Unrau and D.P. Morrison

Earlier work on the measurement of mutation in cultured human cells, with
specific respect to the possible interaction of radiation and chemical mutagens,
was hampered by an inability to induce effects with these agents without
excessive cell death (PH-PHS-HS-6, section 4.22). In an attempt to circumvent
this all too common problem in low dose, low dose-rate studies, the feasibility
is being investigated of using a relatively new technique for the amplification
of specific, defined sequences in cellular DNA for the detection of mutations
in vitro. This technique (Defined Sequence Amplification -- DSA) involves
numerous (at least 30) cycles of separation of the strands of the cellular DNA,
priming for DNA synthesis using synthetic oligonucleotides complementary to 18-
20 base sequences at the extremities of the specific 500-4000 base DNA sequence
being investigated (template), and duplication of the entire DNA sequence by DNA
polymerase extension from the primers. In this way an exponential increase in
the DNA of a specific sequence can be obtained and sufficient product synthesized
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for visualization on electrophoresis gels. The use of the Programable Thermal
Controller (PH-PHS-HS-6, section 4.30) is essential for this work.

Currently, details of the routine use of this process are being worked out
for the detection of DNA recombination in vitro, and possible schemes for its
use in mutation studies are being developed.

4.24 HYPERCELL BIOLOGICALS
- P. Unrau, D. Adams, and T. Kimmel1

Over the past half year progress has been made on the sales, through Fisher
Scientific, of hypercompetent E. coli cells produced by Radiation Biology Branch.
Judged by repeat sales the quality of our product is high. The possibility
exists that a very small market will be found in Canada, and that the sales
expertise of Fisher Scientific is not geared to biological 'wet ware'. We intend
to analyze sales of our lines through Fisher with a view to determining the
optimum degree of effort required for this product.

As mentioned in last year's report, a business opportunity was identified
in the assembly, sale and servicing of automated lab equipment. Assembly, sale
and support of a Programable Thermal Controller (PTC) has commenced and initial
prospects are promising. The machine is also used in various scientific
development programs presently under way to utilize powerful gene amplification
technologies in our mandated research efforts into the biological effects of
ionizing radiation. The development of entirely in vitro recombination and
mutation assays is alluded to in other reports. The interest and support of
members of Radiation Biology and Business Development branches is acknowledged.

1 Business Development Branch, CRNL

4.25 A COLLABORATIVE PROJECT BETWEEN THE UKAEA AND AECL: A COMPARISON OF
CHROMOSOME ABERRATION, MICRONUCLEUS AND GROWBACK ASSAYS FOR
RADIOSENSITIVITY
- J. Walker, C. Roberts1, M. Sargent, D. Cecil, M.M. Werner and
N.E. Gentner

Using peripheral blood lymphocytes or lymphoblastoid cell lines (LCL)
derived from these, the Growback Assays measure, in essence, post-ionizing
radiation cell survival. The results suggest that differences in radioresponse
may exist among individuals and, paradoxically, perhaps within certain
individuals sampled at different times. Another approach to assess individual
differences in radiosensitivity is to count the number of abnormal cytogenetic
endpoints, such as chromosomal aberrations (dicentrics, chromosomal rings, etc.)
and/or micronuclei before and after test treatments. Several research groups
in the U.K. have adopted the cytogenetic approach which is relatively time-
consuming and expensive. The objective of a collaborative project is to
determine the extent to which the U.K. and Chalk River assays, with their
different end-points, correspond. Following presentations at Harwell by N.E.
Gentner, a pilot study was set up at Chalk River to involve the UKAEA Harwell
Laboratories, the National Radiological Protection Board (Chilcot), British
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Nuclear Fuels (Sellafield) and the Radiation Biology Branch (CRNL). The UK
groups have designated £30,000 for their part of the collaborative study.

The preliminary test population consisted of sixteen healthy volunteers
from the Chalk River worker population. These people were preselected as donors
because their blood samples had previously been run in the Growback Assay and
represented a range of variation in radioresponse. Also included in the project
are blood samples from three NRPB workers for whom cytogenetic responses had
been previously assessed in a six laboratory CEC-sponsored study; one of these
showed a marked increase in the yield of chromosome aberrations after receiving
an acute dose exposure.

Each blood sample was coded and split into four portions for: (i)
chromosome aberration analysis; (ii) lymphocyte micronucleus assay (if
sufficient volume of blood was available); (iii) lymphoblastoid cell preparation
(to be used for the LCL growback and micronucleus assays) and (iv) lymphocyte
growback assay. The latter 3 assays are being performed by CRNL personnel.

(i) Chromosome Aberration Analysis: C. Roberts1 and J. Walker

C. Roberts from the Harwell Laboratories, with the assistance of J. Walker,
processed four cultures per blood sample according to a standard protocol.
This included acute and chronic doses of 1.7 and 4.0 Gy respectively, and
parallel control cultures. The UK cytogenetic studies had not previously
employed chronic exposures, which we have shown at Chalk River to have
greater sensitivity in elucidating abnormal radioresponses. For each dose
point six slides were prepared and sent back to the Harwell Laboratories
and BFNL (Sellafield), where slide staining and karyotypic analysis will
be completed within the next six to eight months.

(ii) Lymphocyte Micronucleus Assay: J. Walker and M. Sargent

The cytokinesis-block cell method (Fenech andMorley, 1985; Hall and Wells,
1988) was performed on the fresh blood samples received, if there was
sufficient volume available. Slides were prepared and stained with a
metachromatic fluorochrome stain (Acridine Orange) which clearly
discriminates the fluorescent DNA from the dull cytoplasmic background.
Scoring of these slides is now underway.

(iii) Lymphoblastoid Cell Preparation: D. Cecil

Lymphocytes were isolated, on Ficoll density gradients, from whole blood
from the sixteen donors of the test population and the three NRPB samples
brought from England. These coded samples were established as LCL's using
both the phytohaemagglutinin/Epstein-Barr virus and the
cyclosporin/Epstein-Barr virus techniques. All samples have established
using both methods. The LCL cultures are now being amplified; when
sufficient cell numbers are available, each sample will be run in both the
growback assay and the micronucleus assay. These LCL lines will also be
frozen and stored in liquid nitrogen so that further testing can be done
at a later date.
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(iv) Lymphocyte Growback Assay using Peripheral Blood Lymphocytes: M.M. Werner
and D. Cecil

Lymphocytes were isolated from the 3 NRPB blood samples, 2 healthy donors
(previously run samples to serve as controls for the NRPB samples) and the
16 coded samples from healthy CRNL donors. Starting 1989 May 27 all
samples were run in the stimulated lymphocyte assay using both acute and
chronic radiation protocols. Work was completed 1989 June 14. The data
have been analyzed. We are awaiting the completion of the other assays
so that the codes can be broken and the final comparison completed.

UKAEA Harwell Laboratories

4.26 DEVELOPMENT OF AN ASSAY TO PREDICT RADIATION SENSITIVITY USING PERIPHERAL
BLOOD LYMPHOCYTES
- M.M. Werner, M.D. Cecil, N.E. Gentner and D.P. Morrison

In PR-PHS-HS-6 (Section 4.33) it was noted that the length of time taken
in shipping and the temperature at which the blood samples were kept during
shipping had a significant effect on the results obtained in the lymphocyte
screening assay. This assay is based on the growback response (± 7-rays) of
stimulated peripheral blood lymphocytes isolated from these samples of whole
blood. To overcome this problem blood samples from cancer patients were
collected from the cancer clinic at the Ottawa Civic Hospital on the day that
they were sampled and transported immediately to Chalk River for processing.
Approximately 50 fresh blood samples from cancer patients have now been run
through this assay. An examination of the slope ratios from these samples
compared to those obtained fresh from healthy donors indicates that there are
no apparent differences in the two distributions.

A direct comparison of the results of this assay with those of the assay
based on lymphoblastoid cells for both normals and cancer patients awaits the
final analyses of the results from the Growback Assay.

Another method of validating this assay would be to obtain blood samples
from individuals with known radiosensitive disorders. To date two such samples
have been obtained: one from a patient with Fanconi's anemia and one from a
patient with systemic lupus erythematosus. In the former case the peripheral
blood lymphocytes could not be stimulated to grow; this gives rise to some
concern that possible hypersensitive responses may be missed because of this
effect. In the latter the slope ratios for chronic and acute exposures to Co-60
gamma rays fell in the normal range. Thus we are not detecting hypersensitivity
in, at least, some donors inferred by other in vitro assays to exhibit abnormal
response. It is anticipated that we will be able to obtain blood samples from
several patients with ataxia telangiectasia from the Hospital for Sick Children,
Toronto, in the near future. If cells from these known radiosensitive donors fail
to demonstrate a clear hypersensitive response, it would indicate that the
lymphocyte screening assay, which was hoped to by-pass the time-consuming stage
of LCL establishment and thereby allow a more rapid designation of individual
radioresponse in cancer patients scheduled for radiotherapy, may be inadequate.
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4.27 FOLLOW-UP OF CRNL LONG TERM EMPLOYEES
- M.M. Werner, D.W. Dunford1 and D.K. Myers

Because of statements in the Hare report, "The Safety of Ontario's Nuclear
Power Reactors", a decision has been made to add 3 years (1986-1988) of mortality
data to the follow-up of long term CRNL employees. Copies of death certificates
have been ordered from the appropriate provinces and the necessary statistical
data relating to provincial death rates from various causes are being assembled.

Mathematics and Computation Branch, CRNL

4.28 THE INFLUENCE OF HYPERTHERMIA ON NATURAL KILLER CELLS
- H. Yang, R.E.J. Mitchel and I. Lemaire1

Natural killer (NK) cells are white blood cells which can bind to and lyse
other cells. They are involved in "non-self" recognition and as such they have
broad effects which including killing of infecting viruses, rejection of
transplanted tissue, and recognition and killing of cancer cells. The activity
of these cells likely plays a major role in determining the risk of radiation
induced cancer and may influence the risk of secondary disease in successfully
treated cancer patients. Agents which alter the activity of these cells may
therefore alter the risk of developing cancer or the likelihood of successfully
treating cancer. This section and section 4.18 report experiments that test
factors which might cause such changes.

We have previously reported that NK cells isolated from human blood are
sensitive to inactivation by hyperthermia, but that the cells subsequently
recover activity when incubated at 37°C. Because NK cells exist in various
organs like lung and spleen, we wished to compare the response of these cells
isolated from the different organs. Human tissue is not readily available at
CRNL and therefore we have used Wistar rats for this investigation. Ve have
shown that like the human peripheral blood NK cells, NK cells from rat lung,
spleen and peripheral blood are all inhibited by hyperthermia. Rat NK cells
however appear slightly more heat sensitive than human NK cells. Also like the
human peripheral blood NK cells, rat lung, spleen and peripheral blood NK cells
all show recovery from hyperthermic inactivation. Lung NK cells however showed
a greater ability to recover than blood or spleen NK cells.

The activity of NK cells in vivo is modulated by cellular growth factors
and lymphokines, particularily interleukin-2 (IL-2) and 7-interferon (7-IFN).
In vitro, the activities of lung, spleen and peripheral blood NK cells were all
stimulated by incubation with IL-2. This stimulation occurred even when cells
partially inhibited by hyperthermia were incubated with IL-2; however, the extent
of recovery was not influenced, indicating that recovery of the heat sensitive
target is not influenced by the presence of IL-2. Like IL-2, 7-IFN at low
concentrations stimulated normal and hyperthermia treated peripheral blood NK
cells. However, unlike IL-2, the 7-IFN also enhanced the extent of recovery
from hyperthermic inhibition. This result indicates that the heat sensitive
target does not involve the 7-IFN receptor site, but does depend on processes
stimulated by 7-IFN.

University of Ottawa
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4.29 PUBLICATIONS AND PRESENTATIONS

4.29.1 Publications

DETERMINATION OF THE PROPORTION OF PERSONS IN THE POPULATION-AT-LARGE WHO
EXHIBIT ABNORMAL SENSITIVITY TO IONIZING RADIATION
N.E. Gentner and D.P. Morrison
In: Low Dose Ionizing Radiation--Biological Bases of Risk Assessment (K.F.
Baverstock and J.W. Stather, editors), London: Taylor and Francis, pp.253-
262 (1988)

DOSE-RATE EFFECTS OF MAMMARY TUMOR DEVELOPMENT IN FEMALE SPRAGUE-DAWLEY
RATS EXPOSED TO X AND 7 RADIATION
J.R. Johnson, N.J. Gragtmans, D.K. Myers and A.R. Jones
Radiation Research 118, 514-558, AECL-9970 (1989)

ASSESSING THE DISTRIBUTION OF RADIORESPONSE IN HUMAN POPULATIONS:
INDIVIDUAL VARIATION IN RADIOSENSITIVITY AND POSSIBLE RELATIONS TO
RADIOGENIC CANCER RISK
D.P. Morrison, M.M. Werner and N.E. Gentner
In: Radiation Protection: Past and Future (D. TerMarsch and D.K. Myers,
Eds.), Chalk River: Atomic Energy of Canada Limited, pp.287-293, AECL-9959
(1989)

RADIATION HAZARDS IN URANIUM MINING: EPIDEMIOLOGICAL AND DOSIMETRIC
APPROACHES
D.K. Myers and J.R. Johnson
Text of a paper presented at the International Workshop on Radiological
Protection in Uranium Mining, Darwin, Australia, held 1988 April 4-8; AECL-
9848, (1989)

4.29.2 Lectures. Presentations and Abstracts

ISOLATION AND CHARACTERIZATION OF A RAT FIBROBLAST GROWTH FACTOR LIKE GENE
E. Azzam
Presented to Radiation Biology Branch, CRNL, 1989 May 3

DRUG RESISTANCE IN MULTICELL SPHEROIDS
T.J. Bichay
Invited seminar, Molecular Genetics and Carcinogenesis Laboratories, Cross
Cancer Institute, Edmonton, Alberta, 1989 March 23

RADIOSENSITIVITY OF PERIPHERAL BLOOD LYMPHOCYTES ISOLATED FROM NORMAL
INDIVIDUALS AND FROM CANCER PATIENTS
T.J. Bichay
Invited speaker, Workshop on Objectives of Health Effects Research, at
Pacific Northwest Laboratories (Battelle Memorial Institute, Richland,
Washington), 1988 December 16
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RADIOSENSITIVITY OF PHA-STIMULATED PERIPHERAL BLOOD LYMPHOCYTES ISOLATED
FROM FRESH OR HELD BLOOD
T.J. Blchay, M.M. Werner, M.D. Cecil, D.P. Morrison and N.E. Gentner
Abst. of 37th Annual Mtg., Radiation Research Society, Seattle, 1989 March
19-24, p.174

SOME ASPECTS OF TUMOR DRUG RESISTANCE
T.J. Bichay
Presented to Radiation Biology Branch, CRNL, 1989 April 12

THE INVOLVEMENT OF TOPOISOMERASES AND DNA POLYMERASE I DURING HEAT SHOCK
INDUCED RADIATION AND THERMAL RESISTANCE IN YEAST
D.R. Boreham, A. Trivedi and R.E.J. Mitchel
Presented at the 37th Annual Radiation Research Society and North American
Hyperthermia Group joint meeting, Seattle, Washington, 1989 March 19-24,
p. 102

HYDROXYL RADICALS AND THE MECHANISM OF INDUCED RADIORESISTANCE IN YEAST
D.R. Boreham, P. Weinberger and R.E.J. Mitchel
Presented at the 37th Annual Radiation Research Society and North American
Hyperthermia Group joint meeting, Seattle, Washington, 1989 March 19-24,
p. 160

CORRELATION BETWEEN HYPERSENSITIVITY IN VITRO TO IONIZING RADIATION AND
ADVERSE REACTION TO RADIOTHERAPY IN CANCER PATIENTS
C.E. Danjoux, N.E. Gentner, P. Raaphorst and D.P. Morrison
Abst. of 37th Annual Mtg., Radiation Research Society, Seattle, 1989 March
19-24, p.164

LYMPHOBLASTIC RADIOSENSITIVITY IN CANCER PATIENTS
C.E. Danjoux, N.E. Gentner, P. Raaphorst and D.P. Morrison
Abst. of 37th Annual Mtg., Radiation Research Society, Seattle, 1989 March
19-24, p.164

INDIVIDUAL VARIATION IN CARCINOGEN SENSITIVITY: RELATION TO OCCUPATIONAL
RISK
N.E. Gentner
Invited seminar at York University, Toronto, to Dept. of Biology and Probe-
Tech, 1989 January 30

IMPROVED RADIO- AND CHEMOTHERAPEUTIC TUMOUR MANAGEMENT BASED ON ASSESSMENT
OF AN INDIVIDUAL'S PARTICULAR RESPONSE TO THE CYTOTOXIC ACTION OF THE
TREATMENT AGENT
N.E. Gentner
Invited presenation, at Queen's University, Kingston: Cancer Centre, 1989
February 09

EVIDENCE THAT A SUBSTANTIAL PROPORTION OF OSTENSIBLY NORMAL PERSONS MAY
EXHIBIT ABNORMAL RADIOSENSITIVITY AND BE AT EXCESS RISK OF CANCER
N.E. Gentner
Invited speaker Canadian Nuclear Association meeting, at Ottawa, 1989
February 16
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SCREENING FOR POSSIBLE CANCER PRONENESS
N.E. Gentner and D.P. Morrison
To T. Wardrop (General Counsel, Corporate), D. Rutherford, (ADM, Justice),
A. Keenleyside, C. Tettrault, and D. Wardrop (Hipp Eng., Vancouver); at
CRNL, 1989 February 21

IMPROVED CANCER TREATMENT BY RADIOTHERAPHY BASED ON INDIVIDUAL
RADIORESPONSE MEASUREMENTS
N.E. Gentner and D.P. Morrison
To Bruce Howe (Deputy Minister, EMR), George Anderson (ADM, EMR), Robert
Morison (Director-General, Uranium and Nuclear Br., EMR), James Donnelly
(President, AECL Corporate Office), and Ron Veilleux (Corporate Seer -y
and V.P., Corporate Relations, AECL); at CRNL, 1989 February 28

APPLICATIONS OF RADIOSENSITIVITY TESTING
N.E. Gentner
To Monte Kwinter (Ontario Minster of Industry, Trade and Technology) and
Gordon Gow (DM, ITT), at CRNL, 1989 March 03

CURRENT STATUS: THE CHALK RIVER PROGRAM ON INDIVIDUAL RADIOSENSITIVITY
TESTING
N.E. Gentner
Keynote invited presentation to UKAEA, NRPB and British Nuclear Fuels
personnel, planning meeting for collabaorative research with CRNL; at
Harwell Laboratories, Enviornmental and Medical Sciences Division, 1989
March 07

ASSESSING THE DISTRIBUTION OF RADIORESPONSE IN HUMAN POPULATIONS:
INDIVIDUAL VARIATION IN RADIOSENSITIVITY AND POSSIBLE RELATIONS TO
RADIOGENIC CANCER RISK
N.E. Gentner
To International Workshop on Radiation Protection - Past and Future, held
at CRNL, 1989 March 20-22

CANCER PREVENTION AND TREATMENT: PEOPLE VARY IN SENSITIVITY TO CARCINOGENS
AND THEREFORE IN THEIR RISK OF DEVELOPING CANCER
N.E. Gentner
Invited presentation, to Science Teachers Seminar, CRNL, 1989 April 07

SCREENING ASSAYS
N.E. Gentner
To Health Sciences Technical Review Committee, at CRNL, 1989 April 17

CANCER PRONENESS SCREENING
N.E. Gentner
To Dr. D. Cook, Executive Director, Australian Nuclear Science and
Technology Organization and J. Thwaites, Deputy Commissioner, Australian
High Commission, Ottawa; at CRNL, 1989 April 20

FACILE ASSESSMENT OF DONOR RADIOSENSITIVITY IN VITRO: IMPACT ON CANCER
RISK AND CANCER TREATMENT
N.E. Gentner
Invited seminar, Hospital for Sick Children, Medical Genetics Dept.,
Toronto, 1989 April 27
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IMPROVED CANCER RADIOTHERAPHY BASED ON AN INDIVIDUAL'S RADIORESPONSE
N.E. Gentner
To Lawrence Surtees, Science writer (Globe &Mail, Toronto), at CRNL, 1989
May 03
This resulted in the feature article, entitled "Custom Radiation Treatment
Sought", on the Science and Medicine page of the weekend Globe and Mail,
1989 June 10 issue.

CANCER-RELATED RESEARCH AT CRNL
N.E. Gentner
To Dr. Fausto R. Pedrazzini, Scientific Attache, Embassy of Italy; at
CRNL, 1989 May 17

AN OVERVIEW: THE HEALTH SCIENCES RESEARCH PROGRAM
N.E. Gentner
To J. Sainsbury (CANDU Operations; shortly to be attached to the IAEA,
Vienna); at CRNL, 1989 May 17

MEDICALLY-RELATED RESEARCH AT CHALK RIVER
N.E. Gentner and R.E.J. Mitchel
To David Bock, Senior Adviser to the Premier of Saskatchewan; at CRNL, 1989
June 08

HUMAN VARIATION IN RADIOSENSITIVITY: AN IN VITRO RADIORESPONSE ASSAY AND
ITS POSSIBLE APPLICATIONS
N.E. Gentner
To senior federal officials from Treasury Board, Finance, and Privy Council
Office; at CRNL, 1989 June 19

MEDICAL AND INDUSTRIAL APPLICATIONS OF NUCLEAR TECHNOLOGY
C.L. Greenstock
Invited speaker, Shawville Rotary Club, Shawville, PQ, 1989 January 23

SPECTROSCOPIC STUDIES OF MACROMOLECULAR CONFORMATION, AND THEIR
APPLICATIONS TO RADIATION BIOCHEMISTRY AND CARCINOGENESIS
C.L. Greenstock
Invited seminar, Department of Biochemistry, University of Ottawa, 1989
January 25

NEW WAYS TO STUDY RADIATION DAMAGE AND CANCER IN LIVING CELLS
C.L. Greenstock
"An afternoon with a scientist in his laboratory", 14th Science Teachers
seminar, CRNL, 1989 April 7

MONOCLONAL ANTIBODIES AND THE FLUORESCENCE LIFETIME INSTRUMENT
C.L. Greenstock
Presented to the Technical Review Committee for Health Sciences, 1989 April
17

ENERGY CHOICES: WEIGHING THE ENVIRONMENTAL HEALTH RISKS AND BENEFITS
C.L. Greenstock
Presented to Queen Elizabeth High School, Halifax, NS, 1989 April 24
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FOOD PRESERVATION: RADIATION OR CHEMICALS AGAINST GERMS
C.L. Greenstock
Presented to Prince Andrew High School, Dartmouth, NS, 1989 April 24

IONIZING RADIATION: WHAT, WHERE, WHY AND HOW?
C.L. Greenstock
Presented to Sackville High School, Sackville, NS, 1989 April 25

PEACEFUL USES OF ATOMIC ENERGY IN AGRICULTURE, INDUSTRY AND MEDICINE
C.L. Greenstock
Presented to Millwood High School, Sackville, NS, 1989 April 25

RADIATION DAMAGE AND BIOLOGICAL RESPONSE: IS LOW-LEVEL RADIATION SAFE?
C.L. Greenstock
Presented to Cole Harbour District High School, Dartmouth, NS, 1989 April
26

ENERGY CHOICES: WEIGHING THE RISKS AND BENEFITS
C.L. Greenstock
Presented to Dartmouth Senior High School, Dartmouth, NS, 1989 April 26

FOOD PRESERVATION: RADIATION OR CHEMICALS AGAINST GERMS
C.L. Greenstock
Presented to Charles P. Allen High School, Bedford, NS, 1989 April 27

BACKGROUND RADIATION AND BIOLOGICAL ADAPTATION
C.L. Greenstock
Presented to Eastern Shore District High School, Musquodoboit Harbour, NS,
1989 April 27

USES OF RADIATION TECHNOLOGY IN AGRICULTURE, INDUSTRY, AND MEDICINE
C.L. Greenstock
Presented to Halifax West High School, Halifax, NS, 1989 April 28

FOOD PRESERVATION AND THE ENVIRONMENT: A NUCLEAR PERSPECTIVE
C.L. Greenstock
After-dinner speecher, Annual Meeting, Ontario Horticultural Association,
at Deep River, 1989 May 06

ELECTRON SPIN RESONANCE SPECTROMETER AT CRNL AND PROPOSED RESEARCH PROJECTS
C.L. Greenstock
Presented to Unit 2000, 1989 May 31

NATURAL KILLER CELLS AND CARCINOGENESIS
R.E.J. Mitchel
Presented to Radiation Biology Branch, CRNL, 1989 January 26

POSSIBILITIES FOR AN INTERNAL BIOLOGICAL DOSIMETER
R.E.J. Mitchel
Presented to Radition Biology Branch, CRNL, 1989 June

RADIATION BIOLOGY
R.E.J. Mitchel
Presented to Terry Fox visiting scholars, CRNL, 1989 April 12
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ALTERING THE RISKS OF CARCINOGENESIS
R.E.J. Mitchel
Presented to the Technical Review Committee for Health Sciences, CRNL, 1989
April 17

50 YEARS WITH NUCLEAR TECHNOLOGY
R.E.J. Mitchel
Panel discussant, Annual CRNL Science Teachers seminar, CRNL, 1989 April
08

TIME DEPENDENT TUMOR INITIATION AND STAGE I PROMOTION: THE INFLUENCE OF
HYPERTHERMIA
R.E.J. Mitchel and A. Trivedi
Presented at the 37th Annual Radiation Research Society and North American
Hyperthermia Group joint meeting, Seattle, Washington, 1989 March 19-24,
p. 70

ENVIRONMENTAL RADIATION EFFECTS AND CANADA'S NFWM CONCEPT
D.K. Myers
Radiation Biology Branch seminar, CRNL, 1989 March 02

MODIFICATION OF HEAT-INDUCED RESPONSE BY MANIPULATION OF YEAST MEMBRANE
LIPID COMPOSITION
A. Trivedi, C.K. Ohno, E.R. Tustanoff and R.E.J. Mitchel
Presented at the 37th Annual Radiation Research Society and North American
Hyperthermia Group joint meeting, Seattle, Washington, 1989 March 19-24,
p.14

HEAVY WATER GROWN YEAST CELLS AND INCREASED RADIORESISTANCE AND
THERMALRESISTANCE
A. Trivedi, C.K. Ohno and R.E.J. Mitchel
Presented at the 37th Annual Radiation Research Society and North American
Hyperthermia Group joint meeting, Seattle, Washington, 1989 March 19-24,
p. 178
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