
AECL-7684

ATOMIC ENERGY ^ « 3 J L'ENERGIE ATOMIQUE

OF CANADA LIMITED W^^JW DU CANADA LIMITEE

PROGRESS REPORT

HEALTH SCIENCES DIVISION

1982 January 1 to March 31

PR-HS-11

Chalk River Nuclear Laboratories

Chalk River, Ontario

1982 July



PREVIOUS REPORTS IN THIS SERIES

AECL-7604 1981 October 01 to December 31 PR-HS-10
AECL-7513 1981 July 01 to September 30 PR-HS-9
AECL-7509 1981 April 01 to June 30 PR-HS-8
AECL-7329 1981 January 01 to March 31 PR-HS-7



ATOMIC ENERGY OF CANADA LIMITED PR-HS-11

PROGRESS REPORT
1982 January 01 to March 31
Health Sciences Division

Chalk River Nuclear Laboratories
Chalk River, Ontario KOJ 1J0

1982 July

AECL-7684



\

PROGRESS REPORT
1982 January 01 to March 31
Health Sciences Division

Director A.M. Marko
Senior Scientist I.L. Ophel*
Administrative Officer J.D. Hepburn**
Machinist K.H. Whitlock***

1 . Summary - A.M. Marko 1 - 4

2. Health Physics Branch - G. Cowper... 5 - 2 3

3. Environmental Research Branch - R.V. Osborne 25 - 67

4. Radiation Biology Branch - D.K. Myers 69 - 80

5. Biomedical Research Branch - J.R.A. Johnson 81 - 97

6. Medical Branch - D.W.S. Evans 99 - 105

* See Section 3.4.4 - Committee & Panel Studies - of this report.
** Attached half-time from Office of Director of Research
*** Joined Health Sciences Division, 1982 February 08



1. HEALTH SCIENCES DIVISION SUMMARY

A.M. Marko

Health Physics

Further investigation of etching methods of CR-39
plastic used for detection of fission fragment damage tracks to
minimize background caused by the a~activity of the fissile
irradiators has led to the use of a preliminary chemical etching
before the electrochemical etch. In the course of this work it
has been noticed that the background of unirradiated foils is
dependent upon the thickness of the protective film coating of the
CR-39 and it would seem that this background arises from deposited
radon daughter products on the film.

The scintillation and gas proportional counter spec-
trometer has been tested by measuring neutron spectra from a
2 x 10 8 n-s"1 52Cf source and a 100 g Pu-Be source.

Calculations of the leakage spectrum of a
D2 0-uiode ra t ed Cf source suitable for neutron dosimeter
calibration have been completed for various distances from the
source assembly. The effects of structural materials in the
assembly upon its output have been evaluated.

The improved TLD reader (AEP-5256B) being built for WNRE
has been completed and delivered and construction of a second
model for CRNL is in progress. A dose calculator for TLD readers
is being designed to process the data according to individual
calibration factors.

Tests have been carried out on fading characteristics of
MgB/^OyiDy TLDs . These indicate that this TL method is not
suited for dose measurements over extended periods but it would be
satisfactory for-'use in a two-week monitoring program.

Calculations of beta ray dose distributions in air and
water from point and planar sources of about 100 beta emitters
have been completed.

The particulate monitor section of the wide range
gaseous effluent monitor for the CRNL reactors is likely to be
exposed to high activity iodine sources which may be unavoidably
retained upon the filter medium. High speed circuits following
the detector and a protective circuit which temporarily reduces
the photorauitiplier operating voltage to maintain the tube within
its current limits have been designed.

Environmental Research

The Gaussian plume model for short range atmospheric
dispersion of radionuclides is being modified to account for the
roughness of our local terrain. For longer range dispersion, dry
deposition is important but is poorly treated in current models.
A general fluid-dynamic approach is being taken to relate
deposition to measurable meteorological variables.

A capillary effect in soils just above a water table has
been shown to be a possible mechanism whereby large hydraulic head
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changes and subsequent large flaxes of groundwater can be induced
by relatively small additions of water. The seepage on a slope
could change appreciably as a result of this effect. In other
hydrological work, our contention that major fracture features in
bedrock in shield terrain could be important conduits for water
flow has received further support from the latest series of
boreholes around Maskinonge Lake. Flowing wells and hydraulic
connections to the lake have been observed.

Our hydrogeochemical studies continue to emphasize in
situ and field column measurements as the appropriate ways of
determining sorption and retardation properties. The ferromagnesian
fraction in aquifer sands has been shown to be a major sorber for
60co in the complexed form found near the Chemical Pit. We
have distinguished and quantified several sorption processes for
both °̂ Co and ^Sr and have confirmed that bacteria
catalyze the release of particles that are responsible for the
transport of Pu.

A study of sedimentation in lakes and rivers has started
with an ans .' vsis of the mass balances of Cs and ^H in the
Ottawa River between Deep River and Pembroke as indicated by
monitoring records. The initial interpretation is that some re-
suspension of sedimented Cs is occurring. The filtering of
water by clams could be a factor in determining the sediment/water
column distribution of radionuclides in some surface waters. The
relations between filtering rates and the other characteristics of
clams and the environmental conditions are therefore being
studied.

In the application of the accelerator measurement of
* C to dating archaeological samples, the reason for
erroneously young ages obtained on some samples has been clarified.
It was vigorous hydrolyzing. In another application - to dating
water samples from deep boreholes - the combination of this
technique with low background measurement of tritium has been shown
to be a way of correcting for contamination by surface water. We
are also accumulating evidence for various mechanisms (alpha
recoil, selective leaching) to account for the observed U contents
and u/ U ratios in groundwater samples from deep
boreholes but interpretation is difficult because of the geo-
chemical variability.

We have started a critical examination of the priorities
for research in support of waste management, examining initially
the implications of choosing particular end points for assessment.
For example, estimations of maximum individual doses and of
collective doses may need different Information and different
approaches .

Finite element codes for groundwater transport have been
implemented and preparations are continuing for application at the
tracer test site. The final design of the experiment will take
advantage of the results of the initial modelling.

From an analysis of new and past hydrogeolog1c Inform-
ation we have been able to reassess the tritium fluxes in the Perch
Lake basin. The apparently stationary tritium plume to the north
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east of the lake is now explainable, the contribution of tritium in
groundwater appears to be more significant in the tritium lake
budget than previously thought, and a tritium contribution from
Waste Management Area B has been identified.

The disposal of ^Co in a decontaminating solution
that was accidently pumped to the Chemical Pit has not resulted in
any observable increase in groundwater concentrations. Evidently
any ^C complexes have been sorbed on the pit materials.

The second series of pulsed radar surveys on five
experimental areas have shown excellent resolution of bedrock
surfaces and other stratigraphic features. These are encouraging
results.

Ion chromatography continues to be a major analytic
technique in our work. Much more effective use of the equipment
has been achieved by changes to allow off-time regeneration of
suppressor columns and installation of separate flow systems for
anions and cations.

The monitoring service provided by the branch has
continued with additional emphasis this quarter on updating our
emergency monitoring procedures and training staff.

Radiation Biology

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

Specfic projects in this quarter have dealt with: (1)
Study of DNA damage in human cells resulting from exposure to
certain tumor promoting agents. (2) Ability of human white blood
cells to damage DNA of mouse cells. (3) Damage to DNA of human
cells resulting from hyperthermia treatment. (4) Determination of
optimal radiolabelled precursors for studying UV-photoproducts in
human DNA. (5) Testing of monoclonal antibody probes for detection
of radiation-induced damage in human DNA. (6) Continuation of
study of tumor-induction in rats by different forms of radiation.
(7) Preparation of documents dealing with the assessment of
radiation hazards to human populations. (8) Follow-up of causes of
death in past CRNL employees. (9) Study of genetic effects in
yeast cells following neutron, X-ray and gamma-ray irradiation.
(10) Effect of oxygen levels on radiation-induced lethality in
yeast cells. (11) Biochemical and genetic studies of ultraviolet
light-induced damage in bacteriophage T4.
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Biomedical Research

A paper describing the dose conversion factors used in
the Canadian waste disposal assessment has been prepared. It gives
justification for the use of the committed effective dose
equivalent as realistic and conservative estimates of the effective
dose equivalent rate. These committed effective dose equivalent
conversion factors have been revised taking into account data
recommended by ICRP (Publication 23 and 30) and are given in
AECL-6540 (Rev. 1, in preparation).

The equipment to measure parameters of metal ion-aniino
acid reactions is now operational, ?nd the computer programs that
will be used to analyse the results are being installed on the CRNL
computer system. A report on a complete review of the literature
on amino acid-metal ion reactions is in the final stages of
preparation, and research in this field will be used to improve our
understanding of these processes for metal ions important in
radiation protection.

A computer record keeping system for individual
monitoring results is being developed. This system will contain
all the results from the Bioassay and In Vivo monitoring
laboratories in an easily retrievable form. Included in this
development will be computer programs to produce the required
reports of the monitoring results.
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2. Health Physics Branch

by

G. Cowper

2.1 Staff

~> '. Neutron Dosimetry

2.2.1 Investigations of CR-39 as a Neutron
Dosimeter

2.2.2 Measurements of Neutron Spectra

2.2.3 Spectral and Dosimetric Characteristics of
a D20-Moderated

 252Cf Calibration Facility

2.2.4 Neutrons from the Water of a Beam Dump for
20-GeV Electrons

2.3 Thermoluminescence Dosimetry

2.3.1 Automatic TLD Reader AEP-5256B

2.3.2 TLD Dose Calculator AEP-5341

2.3.3 Evaluation of MgB.,O7:Dy TLDs

2.3.4 Thermal Bonding for TLDs to Plaques

2.3.5 Calculation of the Energy Dependence of
MgB^Oy :Dy

2.3.6 Study of UV Anneal Techniques for Sensiti2ed
TLDs

2.4 Beta Radiation Dosimetry

2.4.1 New Tables of Beta Ray Dose Distributions

2.5 Tritium Monitoring

2.5.1 Portable Tritium Monitor, AEP-5321

2.5.2 Nafion-based HT/HTO-ln-Air Monitor, AEP-5336

2.5.3 Ion Chamber for Tritium Glove Box, Building 250

2.5.4 AEP-5275 fur Use as Integrating Tritium Monitor
on Reactor Stack

2.5.5 In-line Tritium-in-Water Monitor for the U2
Loop Steam Generator
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2.6 Effluent Monitoring

2.6.1 Wide-Range Particulate Monitor

2.7 Replacement of 60Co Sources in Calibrators

2.8 Radiation Instrument Developments

2.8.1 High Range Beta Dose Rate Meter AEP-5337

and High Range Gamma Survey Meter, AEP-5309A

2.8.2 Wide Range Beta-Gamma Survey Meter, AEP-5288C

2.8.3 New Head Unit for Alpha Air Monitor, AEP-10110

2.8.4 Health Physics Sealer/Rate Meter AEP-53A1

2.9 Radiation Dose Monitoring

2.9.1 Body Radiation Doses

2.9.2 Hand Radiation Doses

2.10 Lectures and Publications
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L.W. Shankland

B.A. MacDonald(l)
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R.M. Rondeau
J.M. Vincent ,„.
D. Quaiattini '

(1) On loan from Drawing Office

(2) Temporary replacement for J.M. Vincent.
Arrived: 2 February 1982 - 7 May 1982
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2.2 NEUTRON DOSIMETRY

2.2.1 Investigations of CR-39 as a Neutron Dosimeter
W.G. Cross, H. Ing and A. Arneja

In the last few years, CR-39 (a polymer of allyl
diglycol carbonate) has been actively studied (see
for instance, reference 1) for application in personal
neutron dosimetry because it is more sensitive, as
a damage track recording polymer, than any other
material known. Several groups uave investigated
various processing conditions of chemical etching
with the aim of achieving high sensitivity for
neutron detection.

We have studied the etching of CR-39* for
improving the signal to background ratio. Our
results show that mere electrochemical etching
(ECE) of CR-39 led to a high and variable back-
ground (30 to 200 tracks/cm2). The background
depended on the thickness of the plastic films
which the manufacturer used to protect the surfaces
of the CR-39. It was observed that these films
on the two sides of the CR-39 have different (and
uneven) thicknesses and that the surface covered
by the thinner film gave a higher background.
This suggests that the background tracks may be
caused by a-particles (probably from radon
daughter products) which can easily penetrate the
thinner film.

TJie background tracks on the side covered by
the thicker film can be removed by "pre-etching"
the foil in 6 N KOH at 60°C for about 4 hours
before performing the ECE. However, a pre-etching
period of about 16 hours is required to remove
all background.

(1) R.V. Griffith, D.E. Hankins, R.B. Gammage, L. Tommasino
and R.V. Wheeler, Health Ph"<:. _3J> (1979) 235.

*acquired from American Acrylics and Plastics, Inc. Jtratford,
Connecticut, USA.
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With the processing conditions of a 16 hour
pre-etch, followed by ECE at 1000 V rms, 2 Hz and
room temperature for 6 hours, we obtained a
sensitivity of 6 tracks per cm2 per mrem of neutrons
from a 2 5 2Cf source. This can be increased by about
50% by increasing the voltage to 1500 V. These
sensitivities are several times higher than those
reported by some other investigatorsO ) .

2.2.2 Measurements of Neutron Spectra
H. Ing and W.G. Cross

Several measurements of neutron spectra have been
made using the scintillation and gas proportional
counter spectrometers (PR-HS-9). These were done
mainly to determine the performance of the spectrometers
for measuring neutrons having a wide range of energies
as opposed to monoenergetic neutron measurements
reported in PR-HS-9.

Measurements were made on a bare and moderated
2 5 2Cf source whose strength (2 x 108 n-s"1) was much
greater than that previously available. The bare
source experiment was done to provide higher quality
spectra than were obtainable with the weaker source.
Spectra were measured at different distances from
the source to determine the effect of air-scattering
which is a subject of current interest in the
calibration of neutron dosimeters(2). Measurements
were also made with the source at the centre of a
40-cm diameter fiberglass sphere filled with D2O.
These, results provide spectra for comparison with
earlier Monte Carlo calculation^^.

More measurements were also made on the 239Pu-Be
source used for the calibration of neutron remmeters
at CRNL. The purpose of this work is to get better
spectral data below 1.0 MeV than were obtained
previously (PR-B-116).

The results of these experiments are being
analyzed.

(1) R.B. ^ammage and A. Chowdhury, in Battelle Northwest
Laboratory Report, PNL-SA-9950 (1981), p.64.

(2) R.B. Schwartz and C M . Eisenhauer, priv. comm. (1981).
(3) H. Ing and W.G. Cross, Health Phys . J3_2 (1977), 351.
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2.2.3 Spectral and Dosimetric Characteristics of a D2O-
Moderated 252Ci Calibration Facility
H. Ing and W.G. Cross

Calculations have been completed for a D20-
moderated 252Cf source of the type used for the
calibration of neutron dosimeters in the United
States and proposed by the International Standards
Organization. Leakage spectra at various distances
from the assembly have been computed and the
variations of the dose equivalent rate, average
neutron energy and 235U/237Np fission ratio have
been determined. The spectral shape changes
sip,ni f icantly within 10 cm of the assembly surface
and the dose equivalent rate changes much more
rapidly that would be expected from inverse square
dependence alone.

It was found that structural material used
in the assembly introduced negligible anisotropy
in the radiation field. The effect of the
structural material itself on the external field
was investigated, along with recent revisions
to nuclear data files as well as changes in the
spectrum of the source neutrons. These changes
resulted in only about a 5% change in the neutron
dose equivalent rate.

2.2.4 Neutrons from the Water of a Beam Dump for 20-GeV
Electrons
H. Ing (in collaboration with R.C. McCall, SLAC,
Stanford University)

The Stanford Linear Accelerator has a moveable
beam dump which can be used to prevent the 20-GeV
electron beam from entering the experimental area
where particle physics r search is conducted. The
cooling water for the beam dump is circulated
through a heat exchanger located above the earth
shielding ground which shields the radiation emitted
from the accelerator in an area accessible to workers.
In the past, neutrons had been detected using
conventional neutron survey instruments, although
the energy of the neutrons and iheir origin were
unknown.
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Earlier measurements of the neutron spectrum
from the heat exchanger made with an NE-213
scintillator had shown the presence of 2.1 MeV
neutrons of unknown origin. The isotope 17N,
which was the expected source of neutrons (because
of the 18O(Y,p)17N reaction), could not account
foi them because the highest known energy of neutrons
from 17N is only 1.7 MeV. Unfortunately the
strongest neutron groups from x 7N (383 keV and
1170 keV) were below the energy threshold of the
NE-213 spectrometer.

Recently, neutrons from a similar beam dump
at SLAC have been measured using a 3He counter
(PR-HS-9) which is more appropriate because it
covers the entire neutron energy range of interest
- although it has a much lower detection efficiency
than the scintillation spectrometer. These results
show all the peaks corresponding to the known energy
groups of 17N. However, a peak corresponding to
2.1 MeV was also observed. Although the source of
the 2.1 MeV neutrons is still not definitely
established, it would appear that they are also
from 17N.

2.3 THERMOLUMINESCENCE DOSIMETRY

2.3.1 Automatic TLD Reader AEP-5256B
A.R. Jones

The engineering prototype has been built and
subjected to one month's testing including its use
for personnel dosimetry. These tests were designed
primarily to determine the reliability and necessary
maintenance measures. Other characteristics
studied included dependence on anvil temperature,
linearity, glow curve output, gain dependence on
photomultiplier voltage, residual reading and
reproducibility. Generally, the engineering
prototype performance was similar to that of the
laboratory prototype (PR-HS-10, AECL-7604).

Following these tests the reader was delivered
to WNRE and tested there.

The construction of a similar reader for use
at CRNL has begun. This model will also be evaluated
by Ontario Hydro.
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The preparation of a manual continues.

2.3.2 TLD Dose Calculator AEP-3341
A.R. Jones

The design of a calculator to be connected
to the output of the TLD reader has begun. It
will have two functions.

(1) It must calculate the doses from the TLD
readings using internally stored calibration
factors and readings from dosimeters exposed
at known levels. The calculated doses and
readings are fed to a printer and the
calculated doses stored for transmission to
the CRNL computer by line (i.e., punched
paper tape is no longer necessary, but may
be produced by the printer as a temporary
back-up).

(2) It must calculate and store calibration factors
from a series ot readings obtained from
uniformly exposed dosimeters.

2.3.3 Evaluation of MgBitOy-.Dy TLDs
A.R. Jones

The worst feature of MgBi,O7:Dy TLDs for
personnel dosimetry may turn out to be fading. To
assess this characteristic a test appropriate for
our own dosimetry procedures was devised.

The standards were maintained at 20°C and
exposed half-way through the two-week dosimetry
period and the test dosimeters were exposed at the
beginning or end, to maximize dosimetry errors.
The test dosimeters were held at 20°C except during
the working day when their temperature was raised
to 30° or 40°C. The errors obtained under this
'worst case1 situations are shown below.

% Error
"Wearing Beginning of End of
Temperature" Two-week monitoring period

30°C -18+4 +16±3
40°C -22+6 +15±4
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Although these errors probably would not
seriously increase other dosimetry errors (it is
unlikely that the exposures would be clustered
around the beginning or end of the dosimetry
period) they are significant and could add to the
problems of dose and quality control.

If the TLDs tested are typical then MgBi,O7:Dy
is not suited for dosimetry over extended periods.
However, earlier tests on samples from Yugoslavia
(PR-HS-9, AECL-7513) showed lower and variable
fading and it has been suggested that higher
annealing temperatures will result in lower fading

Oy :Dy* .

To test this, the post-anneal temperature was
raised from 80° to 100°C (for 1 hour). No improvement
in fading was noted. In addition, there was a
fouii-fold drop in sensitivity and a decrease in the
reproducibllity.

2.3.4 Thermal Bonding for TLDs to Plaques
A.R. Jones

Since it has been found necessary to cover the
MgBi,O7:Dy with thin layers of teflon, the alternative
of thermal bonding of the teflon to the polyimide
layer under the TLD is being studied. This technique
is possible because polyimide is available covered
with a thin film of teflon. The advantage of this
technique is the avoidance of trapping volatile
components of cement between the two layers of
sealing material. Tests have shown that this type
of construction produces TLD plaqu°s with similar
initial characteristics to the cemented ones.

To test and compare the durability of this
type of construction, samples of various types of
TLD plaques shown below are being successively
irradiated, annealed and read (up to 100 times).

*Sensitivi •..,• and fading characteristics of thermoluminescent
Magnesium Borate. C.H.M. Driscoll, S.J. Mundy and J.M. Elliot.
Radiation Protection Dosimetry _1, (1981), p.135.
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TLD Plaque Type

Whole Body Dosimeter Surface Dosimeter Bonding

LiF LiF cemented

LiF (sensitized) LiF (sensitized) cemented

Mg3i,07:Dy LIF (sensitized) cemented

MgBi,07:Dy LiF (sensitized) thermal
2

MgBi,07:Dy LiF (sensitized) thermal
3

MgBi,O7:Dy LiF thermal

1 = solid
2 = encapsulated in teflon
3 = powder

2.3.5 Calculation of the Energy Dependence of
A.R. Jones

The photon energy dependence of
has been calculated on the assumption that the
dysprosium and binder used do not seriously affect
the absorption of photons. The calculations show
an increase in sensitivity of 40% at low photon
energy in agreement with Prokic (Nuclear Inst. &
Methods 175, 84 (1980)). However, our measurements
show an over-response of about 100% when mounted
in the CRNL dosimeter holder and Furetta et al
(to be published in Radiation Effects Letters)
have found an over-response of about 150%. For
these reasons it seems likely that there is a
considerable enhancement in the response of the
phosphor to low energy photons due to the
presence of higher atomic number impurities.

2.3.6 Study of UV Anneal Techniques for Sensitized TLDs
A.R. Jones

Following the purchase of a large number of
LiF TLDs sufficient to replace all the old personal
dosimeters in use at CRNL it has been decided to
study the effects of varying all the annealing
parameters (temperature, heating time, UV
intensity and UV irradiating time) to achieve
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optimum parameters and identify the critical ones.
The aim is to achieve the lowest and most uniform
readings from unexposed TLDs when the reader
operating parameters are optimized for complete
read out and for reproducible readings.

A combination oven and UV irradiator is
being built which will allow easy control and
accurate measurement of the studied parameters,

2.4 BETA RADIATION DOSIMETRY

2.4.1 New Tables of Beta Ray Dose Distributions
W.G. Cross, H. Ing and N.O. Freedman

Dose distributions around an isotropic point
source in an infinite homogeneous medium provide
the kernels for calculating doses from any spatial
distribution of beta emitters in such a medium.
In 1967 and 1971, tables of dose distributions
were published, for 37O) arri 75(2) beta emitters
of importance in radiation t.:otection and medicine.
The present tables represent an updating and
expansion to about 100 nuclides (22 not given in
previous tables), many of which now have increased
practical importance.

Like previous tables, these are based on
Spencer's calculated doses around monoenergetic
point sources. Earlier similar results were
shown to agree to within a few percent with
measured dose distributions, for a wide range of
beta end-point energies and out to distances within
which 95% of the energy is deposited. The present
tables are for water and air and data are given
that permit the easy calculation of doses in other
low-Z media. Distributions are given for both
point and planar sources. The output at distance
r from a point source is given as r2j(r), where

(1) W.G. Cross, Tables of Beta Ray Dose Distributions, Atomic
Energy of Canada Limited, Report AECL-2793, (1967).

(2) M.J. Berger, Distribution of Absorbed Doses around Point
Sources of Electrons and Beta Particles in Water and Other
Media, J. Nucl. Med. Supplement No. 5, (1971).
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J(r) is the dose, and is in Gy-cm2*MBq ^h" 1.
Graphs of all point-source distributions in water
are given. Beta decay schemes used in the
calculations were taken from recent compilations
and changes since 1971 have produced substantial
changes in doses from about 15 nuclides. Apart
from these nuclides, results are generally in
agreement with those published previously.

The new tables are being published in an
AECL report (AECL-7617).

2.5 TRITIUM MONITORING

2.5.1 Portable Tritium Monitor, AEP-5321
R.G.C. McElroy and M.J. Wood

A commercial manufacturer has been approached
to manufacture, under license, this monitor and
the final engineering drawings are close to
completion.

During the field testing of this monitor
one user reported substantial effects due to
temperature changes. We have performed an
extensive series of measurements to test this
characteristic. Our measurements did not
reproduce the reported variation. We found,
however, that the monitor has a temperature
variation of ^0.5%/°C in addition to that due to
air density variations. While this is not
inconsistent with the design objectives of the
instrument, we are currently investigating the
origin of this variation.

2.5.2 Nafion-based HT/HTO-in-Air Monitor, AEP-5336
R.G.C. McElroy and R.A. Surette

The prototype AEP-5336 has been installed
in the tritium laboratory in Building 250.
It has operated continuously throughout this
quarter without any problems.

2.5.3 Ion Chamber for Tritium Glove Box, Building 250
R.A. Surette and R.G.C. McElroy

The two ion chambers have now been tested
and delivered. They will be used to monitor the
glove box atmosphere and the hydriding process.
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2.5.4 AEP-5275 for Use as Integrating Tritium Monitor on
Reac tor S tack
R.A. Surette and R.G.C. McElroy

The prototype AEP-5275 is being refurbished
for measurement of total HTO in the NRX/NRU stack
effluent. The original plastic scintilla/.or flow
cell which had deteriorated has been replaced
by an improved version from a commercial supplier,
the monitor has been cleaned and it is now being
calibr.i ted .

2.5.5 In-lii:e Tritium-in-Water Monitor for the U2 Loop
Steam Generator
R.G.C. McElroy, M.J. Wood and R.A. Surette

The ratemeter and the local display unit -
designated as AEP-5344 - has been deli\ered to
EI&P branch who are assembling and installing the
monitor which includes a commercially-produced
scintillation counter assembly. This assembly,
designed for liquid scintillation counting has been
modified by the substitution of a plastic sheet
scintillator flow cell.

The final installation has been delayed by
a higher than anticipated background count rate
resulting in part from insufficient shielding of
the detector in the commercial unit. More
shielding has been added and the electronic controls
have been adjusted with the result that the
background count rate has been reduced to about
100 cpm, low enough to allow reliable operation with
an alarm level of 5 pCi/L (̂ 2 x 105 Bq/L) with a
time constant of 9 min.

2.6 EFFLUENT MONITORING

7.6.1 Wide-Range Particulate Monitor
R.M. Holford

This unit •» s one of the components of the
proposed NRU Wide-Range Stack Monitor (AEP-5345).
A |3-detector consisting of a thin sheet of
plastic scintillator mounted on a high-speed
photomultiplier tube is used to detect
particulate activity. Current work is aimed at
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achieving as large a range of useable counting
rates as possible. This involves choosing a
discriminator threshold which keeps the dark
current background at an acceptably low level,
and designing the coupling between the photo-
multiplier and the discriminator to give the
shortest possible pulse width. Use of a low
anode impedance, of the order of 100 ohms,
will give a short pulse-width, but may result
in overloading of the photomultiplier at high
counting rates since a high current gain is
required to give adequate pulse amplitude.

A new version of this unit, currently
under construction, will have a unity-gain
FET stage between the photomultiplier anode
and the discriminator (an emitter-coupled
line-receiver). An auxilliary circuit will
be used to monitor the anode current and
protect the tube from overload by reducing
the high voltage supplied to it whenever
a pre-set average current limit is exceeded.
A signal will also be sent to the computer
controlling the monitor whenever such an
overload occurs. This will avoid any
possibility of misinterpreting a reduction
in counting rate due to overload as being due
to a fall in activity. (In the event of such
an overload condition which may be produced
by unavoidable retained iodine on the part-
iculate filter, the filter will be retained
for later examination to determine its actual
particulate loading).

The filtration media for the particulate
monitor are to be standard 5 cm glass fibre
filter discs mounted in moulded plastic rings
for ease of handling. An order for design and
production of these items has been placed.

Work has begun on the design of the
mechanism for automatic changing of the filter
discs.
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2.7 REPLACEMENT OF 60Co SOURCES IN CALIBRATORS
A.R. Jones

A new stronger 60Co source (̂ 28 Ci; 1012 Bq)
has been installed in room 176 to replace one that
had decayed (̂ 5 Ci; 2 x 1011 Bq). The replaced
source was then transferred to a special holder
and was used to replace the 60Co source
Ol Ci" 4 x 1010 Bq) used for calibrating personnel
and environmental dosimeters. As a temporary
measure the output has been measured with an
"Ionex" ion chamber measuring system. For the
long term the exposure rate of this source is
b°ing compared by means of an exchange of TLDs
with the NRX G0Co y-ray exposure standard.

2.8 RADIATION INSTRUMENT DEVELOPMENTS
A.R. Jones

2.8.1 High Range Beta Dose Rate Meter AEP-5337 and High
Range Gamma Survey Meter, AEP-5309A

A report describing both meters is being
prepared.

2.8.2 Wide Range Beta-Gamma Survey Meter, AEP-5288C

An engineering prototype has been built.
Its linearity has been measured and its response
to g-rays of differing energies is being measured.

2.8.3 New Head Unit for Alpha Air Monitor, AEP-10110

Field testing continues.

2.8.4 Health Physics Sealer/Rate Meter AEP-5341

A laboratory prototype is being built.

2.9 RADIATION DOSE MONITORING

2.9.1 Body Radiation Doses
R.M. Rondeau and D. Quaiattini

Since the last report (PR-HS-10) there has been
one whole-body radiation exposure exceeding the
600-mrem two-weekly administrative control limit, one
skin exposure exceeding the 1600-mrem two-weekly
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administrative control limit and one extremity
exposure exceeding the 4 rem two-weekly
administrative control limit.

In the fourteen-week period ending 26 March
1982 and in the calendar year to this date there
were the following distributions of radiation
exposure.

Dose Range
rem

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

Average dose
per monitored
person

Average dose
per exposed
person

CRNL -

Fourteen

No. of
monitored
persons

493
2359
103
11
2
0
0

74

88

- Whole-Body

Weeks

Total
Dose
Man-rem

0
129.49
72.21
13.00
3.44
0
0

mrem

tnrem

Dose

Calendar Year

No. of
monitored
persons

659
2215
83
10
1
0
0

Total
Dose
Man-rem

0
118.48
55.58
11.66
1.93
0
0

63 mrem

81 mrem
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Radiochemical Company - Whole-Body Dose

Dose Range
rem

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

189
204
1
0
0

Total
Dose
Man-rem

0
13.36
0.53
0
0

35 mrem

68 mrem

Calendar Year

No. of
monitored
persons

201
193
0
0
0

Total
Dose
Man-rem

0
11.61
0
0
0

30 mvem

60 mrem

CRNL - Skin Dose

Dose Range
rem

p" radiatic
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

493
2335
114
21
4
1
0

Total
Dose
Man-rem

0
128.25
77.35
24.57
6.89
2.43
0

81 mrem

97 mrem

Calendar Year

No. of
monitored
persons

659
2204
84
18
2
1
0

Total
Dose
Man-rem

0
123.89
56.28
20.56
3.52
2.34
0

70 mrem

90 mrem
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Radiochemical Company - Skin Dose

Dose Range
rem

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

6.50 - 6.99

Average dose
per .aonitored
person

Average dose
per exposed
person

Fourteen

No. of
monitored
persons

189
192
8
2
2
0

1

88

170

Weeks

Total
Dose
Man-rem

0
16.72
5.01
2.65
3.51
0

6.89

mrem

mrem

Calendar Year

No. of
monitored
persons

201
181
7
2
2
0

1

Total
Dose
Man-rem

15.06
4.24
2.64
3.47
0

6.87

82 mrem

167 mrem

2.9.2 Hand Radiation Doses
D. Quaiatt.ni and R.M. Rondeau

In the four teen-week period ending 2J March
1982 and in the calendar year to this date the
following distributions of extremity doses were
measured by finger-tip TLDs.

Dose Range

less
1.00
2.00
3.00
4.00
5.00

1

rem

than 0.9i>
-1.99
- 2.99
- 3.99
- 4.99
- 5.99

CRNL
Calendar Fourteen
Year

100
4
1
0
0
0

Weeks

106
6
1
0
0
0

Radiochemical
Calendar
Year

19
8
1
1
1
0

Company
Fourteen
Weeks

28
8
1
1
1
0
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2.10 LECTURES AND PUBLICATIONS

Oral Presentation

H. Ing and W.G. Cross, "Spectral Measurements of
Unwanted Neutron Radiation Produced by Accelerators",
presented at Health Physics Society 15th Mid-Year
Topical Meeting on Accelerator Health Physics,
Orlando, Florida, February 21-24, 1982.

Publications

H. Ing, W.R. Nelson and R.A. Shore, "Unwanted Photon
and Neutron Radiation Resulting from Colllmated
Photon Beams Interacting with the Body of Radio-
therapy Patients", Med. Phys. £ (1982) 27, AECL-
7388.

H. Ing and R.A. Shore, "Unwanted Radiation Produced
by Leakage Neutrons from Medical Electron
Accelerators", Med. Phys. 9_ (1982) 34, AECL-7387.

W.G. Cross, "Dosimetry for Criticality Accidents,
A Manual", IAEA Technical Report Series No. 211,
Vienna. (Editor and contributor).
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3. ENVIRONMENTAL RESEARCH BRANCH

by

R.V. Osborne

3.1 STAFF

3.2 INTRODUCTION

3.3 ENVIRONMENTAL RESEARCH

3.3.1 METEOROLOGY
3.3.1.1 Atmospheric Dispersion

3.3.2 HYDROLOGY
3.3.2.1 Lake Energy Budget
3.3.2.2 Capillary Fringe Effects
3.3.2.3 Connection of Groundwaters in Bedrock to Shield Lakes

3.3.3 HYDROGEOCHEMISTRY
3.3.3.1 Radiocobalt Behaviour
3.3.3.2 Radiostrontium Behaviour
3.3.3.3 Bioavailability of Nuclides Present in Groundwater
3.3.3.4 Plutonium Transport on Particulates
3.3.3.5 Geochemistry of Seepage Zones

3.3.4 AQUATIC RADIOECOLOGY
3.3.4.1 Uptake of Radionuclides by Freshwater Clams
3.3.4.2 Nuclide Distributions in Freshwaters

3.3.5 APPLICATION OF NUCLEAR TECHNIQUES
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3.3.6.2 Culture of Bivalve Molluscs

3.4 ASSESSMENT
3.4.1 MODELLING

3.4.1.1 Priorities in Research
3.4.1.2 Dispersion of Accidental Releases of Radionuclides

to the Atmosphere at CRNL
3.4.1.3 Computer Model Development
3.4.1.4 Tracer Test Site

3.4.2 SITE STUDIES
3.4.2.1 Perch Lake Swamp Survey
3-4.2.2 Tritium Budget of Perch Lake
3.4.2.3 Surface Fluxes of Tritium in Perch Lake Basin
"!.4.2.4 Chemical Pit Plume
±.4.2.5 Glass Block Plume
3.4.2.6 East Swamp Radionuclides
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3.4.2.7 Uranium in Surface Waters
3.4.2.8 CRNL Fish Survey
3.4.2.9 Temporal Variations in Groundwater Chemistry in

the Perch Lake Basin

3.4.3 TECHNIQUES
3.4.3.1 Remote Sensing by Pulsed Radar

3.4.4 COMMITTEE AND PANEL STUDIES
3.4.4.1 Panel on Radioactivity in the Aquatic Environment
3.4.4.2 Canadian Standards Association Working Group for

the Preparation of CSA Standard N288.1

3.5 ANALYSIS AND MONITORING
3.5.1 INSTRUMENTS AND METHODS

3.5.1.1 Atomic Absorption Spectroscopy
3.5.1.2 Ion Chromatography
3.5.1.3 Relirbility of Precipitation Analyses
3.5.1.4 Portable Gamma Ray Spectrometer
3.5.1.5 Field Facilities

3.5.2 RADIOLOGICAL MONITORING RESULTS
3.5.2.1 Gamma Exposure Rates near CRNL
3.5.2.2 Gamma Exposure Rates at CRNL
3.5.2.3 Radionuclides in Precipitation and the Ottawa River
3.5.2.4 Radionuclides in Surface Waters
3.5.2.5 Radionuclides in Liquid Effluents
3.5.2.6 4 1Ar in the CRNL Stack Effluent

3.5.3 MONITORING PROGRAMS AND SERVICES
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3.5.3.2 Hydrological Data at Perch Lake
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3.5.3.5 CRNL Climatological Report
3.5.3.6 Meteorological Support of Hybrid-Heating Experiment
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3.6 VERBAL PRESENTATIONS
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3.2 INTRODUCTION - R.V. Osborne

In this report the work of the Branch is presented in three
main sections. Environmental Research, Assessment, and Analysis and
Monitoring.

In the Environmental Research section, the emphasis is on
basic research and on applications of nuclear techniques and
facilities. The former involves investigations of the fundamental
nature of environmental processes particularly those concerned
with atmospheric and aquatic dispersion, for example energy
balances in lakes, and the behaviour of radionuclides at fluid/
solid interfaces. The latter involves our general interest in
exploiting radioisotopes or our nuclear facilities for studying
environmental processes. The current applications in this
quarter are in dating (for example with ^C) and in looking at the
potential for using reactor waste heat in aquaculture.

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

developing models to describe the fluxes of radioactivity
through environmental media to human populations,
adapting our understanding of environmental processes to
transport calculations; for example, identifying the
important properties and processes that have to be
considered,
determining the distribution in the environment of
radionuclides; for example, in the neighbourhoods of the
various waste management areas at CRNL,
developing the laboratory and field techniques to determine
the parameter values needed in the transport equations
and models.

The first part of the Analysis and Monitoring section
comprises the reports of developments in the various techniques -
chemical, radiochemical, instrumental and environmental
measurement - that support the research and monitoring program of
the Branch. In subsequent parts, the results of the Branch's
measurements of current releases of radioactivity from CRNL to
the environment are reported and the activities of the Branch
in other monitoring programs are noted.

The location of the various research facilities and areas
mentioned and the monitoring points are shown on Figure 3.2.
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3.3 ENVIRONMENTAL RESEARCH

3.3.1 METEOROLOGY

3.3.1.1 Atmospheric Dispersion - P.J. Barry

An alternative to the Gaussian plume approach for pre-
dicting atmospheric dispersion of stabile releases of con-
taminants is to use a short-term "Puff model". There are
several ways of doing this. The one I am trying is to begin
with a short-term "Puff" that, during a short interval, say 3
minutes, attains a size and concentration distribution
determined by the 3 minute mean wind speed, the 5 s standard
deviation of the wind direction about the 3 minute mean and
the standard deviation of the vertical component of
turbulence over the same time scale and appropriate for the
atmospheric stability. Subsequently the dispersion is treated
simply as one of advection with the Puffs moved along a
trajectory obtained from the 3 minute mean wind speed and
direction and the vertical component of turbulence appropriate
to the atmospheric stability. The essential assumption is that
the rate of absolute diffusion of the Puff is small compared
to the relative dispersion caused by advection. Some old
meteorological data exist to use with the model but unfortu-
nately this is hourly averaged and based on only 10
"instantaneous" observations made during the hour. It is not
therefore compatible with the time scales of the model. As an
alternative meteorological data are being synthesized using a
Markov process. No results are available yet. An advantage
of using synthetic data is that the predicted frequency
distributions of atmospheric dispersivity (i.e. pollutant
concentrations per unit source emission rate) can be compared
to the observed frequency distributions and the agreement or
lack of agreement related to the parameters used in the Markov
chain. In this way it should be possible to identify the
range of the essential conditions which lead to the frequency
distributions previously observed.

An important process that can affect the concentration of
pollutants in the atmosphere particularly over long distances,
is dry-deposition. This is not well treated in present
commonly-used atmospheric dispersion models. An attempt is
being made to use an earlier deposition model in an atmospheric
dispersion model. Three coefficients are involved in the model,
the coefficient of deposition, C3, of total drag, CD, and of
form drag CF. They are related in the model, using the Schmidt
number, Sc (=V/D where V is the kinematic viscosity of air and
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D is the molecular diffusivity of the gas in air), as

0.85 Sc

The coefficient of deposition, which is the deposition velocity
divided by the wind speed, is a more useful quantity for scaling
purposes than the often used deposition velocity. However, its
estimation entails determination of both Cp and CF. Both these
coefficients depend on quantities that are not directly
available; the friction velocity (= surface shearing stress
divided by the density of air) and a roughness parameter. I am
now trying to infer them from other meteorological variables
that <xxe available.

Another problem is that the deposition model is only
known to be appropriate when buoyancy factors can be ignored.
Hence it must be adapted for use over a wider range of
atmospheric conditions. It will probably be desirable to repeat
the original experimental work to find out the effects of
stability on the model.

3.3.2 HYDROLOGY

3.3.2.1 Lake Energy Budget - P.J. Barry, E. Robertson and F.C. Brown

Estimates of evaporation from the energy budgets of Perch
and Maskinonge Lakes have been completed. Wind speed data
measured at 1 and 10 m levels at Perch, Maskinonge and Upper
Bass Lakes have been abstracted and punched on cards. The
evaporation from Perch Lake is an important term for both the
water and tritium budgets of Perch Lakes. Thus all measurements
required for energy budget calculations will be resumed as soon
as the lake is free of ice.

Wind and temperature data collected during the 1981 field
season are being analysed to study mass and momentum transfer.
Results show a seasonal trend in the magnitude of the
coefficient A in evaporation equations which have the form

E = A(uAe)

where E is the evaporation rate, u the wind speed and Ae the
vapour pressure gradient between the water surface and the air.

Other expressions for evaporation include, as an
independent variable, the wind speed ratio, V^Q/V-^, where U-̂ Q
is the wind speed at 10 m and U-̂  that at 1 m. However, this
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ratio varies with the relative temperatures of the air and
water. From our analysis we have shown that the variations
are greatest for Upper Bass Lake, the smallest and most
sheltered of the lakes studied. Because of these variations,
which have both seasonal and diurnal periodicities, we will
have to introduce a stability term in the evaporation equations,
in order to improve their general applicability.

3.3.2.2 Capillary Fringe Effects - R.W.D. Killey

R.W. Gillham and E.O. Frind of the Department of Earth
Sciences, University of Waterloo, have reported on their work
performed for us under contract. Material in the report falls
into 4 basic sections:

field studies of phenomena, related to the capillary fringe,
in the Perch Lake Basin,
development of a finite element saturated-unsaturated flow
model capable of simulating capillary fringe effects,
construction and testing of a physical laboratory model to
study capillary fringe effects on sti^amflow generation and
to provide test data for the mathematical model, and
soil moisture content variations in the cover materials
placed over the Waste Area "F" wastes to reduce infiltration.

In areas where the capillary fringe (soil above the water
table that is saturated but at less than atmospheric pressure)
extends to or close to ground surface, small additions of
water from infiltration can theoretically rapidly transform
negative pore water pressures to positive values. This would
result in a rapid increase in hydraulic head on the flow
system, reflected by a rapid and disproportionate (to the
amount of infiltration) rise in water levels in observation
wells. Such well responses (the Reverse Wieringermeer effect)
have been observed previously but other mechanisms for the
effect have been postulated. Direct measurements of head
using vertical arrays of tensiometers and water table wells
were made in sands in the Perch Lake Swamp. Responses to
infiltration agreed with the predicted rapid increases in
hydraulic head and have demonstrated that rapid variations
in groundwater flow velocity and direction result.

River floodplains are another area where the capillary
fringe extends to or close to ground surface. Within the past
10 years it has been shown that during stormflow peaks in
stream discharge there is an extremely rapid rise in the volume
of groundwater discharge. The physical laboratory model has
shown that this rapid increase in groundwater discharge can be
attributed to the capillary fringe phenomenon, and the finite
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element model was developed to allow simulation of a seepage
face that can migrate up and down slope and accommodate rapid
pressure head changes. Preliminary testing of the mathematical
model has shown it to be physically realistic, but thorough
testing lay outside the terms of reference of the contract.
Further developments and documentation of the model,
specifically to allow simulation of streamflow generation,
are currently being considered.

3.2.2.3 Connection of Groundwaters in Bedrock to Shield Lakes - D.R. Lee
and S.J. Welch

We have demonstrated the connection of groundwaters in
bedrock terrain to the surface waters of Maskinonge Lake by
observing the dynamic correlation of hydraulic-head values in
boreholes with the lake level. There appears to be little or
no relation between point measurements of permeability (single
borehole tests) and bulk measurements of permeability (borehole/
lake-level response tests). The magnitude of the change in
hydraulic head at a given level in a borehole appears to be
approximately inversely proportional to the hydraulic head
difference between that level and the lake level. Kinetic
analysis of the observations in the lake-level lowering
experiment is continuing.

Research on water-transport in major fracture-features was
started with the drilling of 5 additional boreholes {241 m of
drilling altogether) near Maskinonge Lake (Figure 3.2) . Borehole
sites were chosen on the basis of extant geologic and geophysical
data and a ground survey for electromagnetic conductors.
Interpretation of our geophysical data was done by John Hayles
of Energy, Mines and Resources.

Of the 5 holes, 3 resulted in flowing wells. Of the other
two holes, one intersected a major-fracture feature that was
largely filled with calcium carbonate and did not have a large
hydraulic head relative to the lake. The final borehole,
located on a major topographic lineament, not only failed to
hit zones of intense fracturing, it passed through some of the
most fracture-free rock we have seen at shallow depths at Chalk
River. The flowing wells at 3 locations support the hypothesis
that major fracture-features can be important conduits in
shield terrain. Further efforts will determine hydraulic-head
and hydrochemical distributions within the new boreholes.
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3.3.3 HYDROGEOCHEMISTRY

3.3.3.1 Radiocobalt Behaviour - R.W.D. Killey and J.H. Munch

Studies of radiocobalt behaviour (in association with
J.O. McHugh, D.R. Champ, E.L. Cooper, and J.L. Young, see
PR-HS-10)i have shown that a variety of mechanisms are
responsible for sorption of ^Co to the aquifer sands beneath
the East Swamp (downgradient of the Chemical Pit) and that
most (-80%) of the dissolved 60Co is present as anionic
complexes. Sorbed radiocobalt has been classified as ion
exchangeable (generally less than 10% of the total), iron
oxide-bound (5 to 35%) and "fixed" (60 to over 90%).
Magnetic separation of the sands into 2 mineralogic fractions
(quartz + feldspar and ferromagnesian minerals) showed that
about 50% of the sorbed 60co w a s associated with the
ferromagnesians, which comprise about 10% of the sand by
weight. Studies of the complexed 60Co show it to be
associated with hydrophilic intermediate molecular size
(~500 to several 1000 molecular mass units) organics, possibly
partly of na ural origin. The complexes are stable in the
subsurface but break down upon exposure to UV light.

Over tne past quarter we have investigated the release of
sorbed "Go from, and the sorption of cationic ^Co to, a
column of contaminated aquifer sands. The column studies are
designed to improve our understanding of basic sorption/
desorption phenomena and underly our assessment of the future
behaviour of 60Co after disposals to the Chemical Pit cease
(see Section 3.4.2.4). The column, an undisturbed 9 cm core
of contaminated sand and associated pore water, was eluted at
groundwater flow rates with local uncontaminated groundwater
spiked with 5'Co. Samples from the core immediately above and
below the region used for the column were analyzed for
dissolved and sorbed 60Co; sequential leaching was used to
distinguish the ion exchangeable, iron oxide-bound, and "fixed"
radiocobalt on whole sands and on magnetically-separated
mineral fractions.

The rate of release of Co declined slowly and
erratically over time but even after passage of 230 column
volumes in 2 months only 3.1% of the estimated total inventory
of sorbed 6°Co was removed from the column. Most 60Co
removal was from the inlet end with a sorbed concentration peak
developing in the first 2-3 cm of the column.

The sequential ion exchange and oxide coating stripping of
the column samples clearly show that most of the net loss of
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60
Co from the column sands has been from the ferromagnesian

fraction. They also show that 60Co has been lost from the
"fixed" fraction and transferred to ion exchange sites and
iron oxide coatings. No single sorption mechanism is
responsible for the peak in °°Co on ferromagnesian minerals
in the 2 to 3 cm section. The distribution of 57Co sorbed
on the column is still being analysed.

We are not yet sure how general these processes are.
An earlier column elution performed by J.O. McHugh and
E.L. Cooper released far more (10%) of sorbed 6cCo after
elution of only 20 column volumes; we plan another column
test for the next quarter from another part of the plume.

3.3.3.2 Radiostrontium Behaviour

Sorption in Field Columns - D.R. Champ and P. Lapcevic

Field columns prepared from undisturbed core samples have
been operated continuously in wells at our O-nest site using
the modification of our field techniques reported previously
(Section 3.4.2, PR-HS-10). This technique has successfully
eliminated previous plugging problems for a period of ~4
months.

The above technique has been used on two sets of 3
columns, which have been equilibrated in two separate but
closely spaced wells. The overall objective is to assess
the suitability of this technique for determining the
retardation of groundwater borne solutes (e.g. Sr) in
groundwater flow systems. The geochemistry of the column
effluents has been periodically monitored and compared with
the geochemistry of well waters in order to assess equilibration.
EH and pH values for the column effluents have been found to
be stable but somewhat higher than well water. The integrity
of the coi'-mins has been assessed by injecting a 3H tracer into
the base of each column and analyzing the •% breakthrough
curves. These experiments have shown no evidence of
channeling or other difficulties that might have arisen
during preparation of the core columns. Dispersivity and
porosity data has also been derived through the 3H injection
experiments. The values are within the range anticipated.

Strontium sorption is being assessed in three series of
experiments: 1) Batch sorption experiments using °-"Sr an£j
sediment samples taken from core sections adjacent to those
used for preparation of the columns; 2) column injection
experiments using Sr plus ^H followed by analysis of tho
breakthrough curves; 3) desorption experiments on ^
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sorbed to sediments from columns which had undergone break-
through curve analysis followed by 85Sr reinjection and removal
from the well before breakthrough of the second tracer
injection can occur. The first two series are underway and
data are being accumulated and analyzed. The third series
will begin when the initial breakthrough experiments are
completed.

Sorption Kinetics - R.E. Jackson and K.J. Inch

The sediments from both the younger and older portions of
the plume of radioactive material disposed of in 1954 have been
characterized by their mineralogy, grain-size, sorption
capacities and distribution coefficients. The intent is to
determine if the distribution of adsorbed 90Sr has changed
with time.

In adsorption studies there is always a risk that
processes other than adsorption are taking place (i.e.
precipitation). Cation exchange capacities are therefore
determined on these sediments and the relationship between
the cation exchange capacities and the distribution co-
efficients (measured and reported previously, PR-HS-10) can
be examined. Where this relation (or isotherm) is linear the
adsorption process is probably the most important mechanism.

For measurement of the cation exchange capacities we have
used a new modification of the U.S. Geological Survey method.
In this modification a sediment sample (0.5-1.0 g) was placed
in a 15 mL test tube, st _urated with .1 M strontium acetate
containing ^^Sr and gently rotated for 24 hours. Sand and
solution were then separated and counted. Cation exchange
capacities of 1+2 meq/100 g were determined and these values
compare well with previous cation exchange capacities
measured on sands with little or no silt fraction. We are
currently analyzing the exchange capacity-distribution
coefficient relationships.

In order to ascertain the role of minor reactive solids,
sediments from the older portion of the plume were separated
magnetically into individual mineral components from which
the "^Sr was equentially desorbed. The most noteworthy
results are that the 90gr adsorbed activity was almost all
exchangeable on the quartz fraction, the feldspar fraction
had 40% adsorbed by the oxyhydroxides and, on the micaceous
minerals (vermiculite and biotite), 50% of the °Sr
remained fixed.
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3.3.3.3 BioavailabilJ-ty of Nuclides Present in Groundwater -- E.L. Cooper,
D.E. Clegg and G. Lahaie

The experiment using bean plants grown in groundwater
solution to assess bioavailability of species of nuclides has
been repeated (see PR-HS-9). We had found in the previous
experiment that 95TC accumulated to a greater extent in the
leaves than in the other plant parts, which indicated that
95Tc may be following the uptake of an essential nutrient. In
this experiment the objective was to assess the effect of
phosphate on the uptake of 57Co, 60Co and 95mTc. One batch of
bean plants was grown on groundwater which had 2 ppm of phos-
phate added, while the other batch was grown on groundwater
containing 200 ppm of phosphate. We expected that if the Tc
was following the phosphate uptake then less 95mTc wouid be
accumulated in the plants growing in the higher concentration
of phosphate. Although the yield of bean plant tissue from
the 200 ppm solution was very poor, possibly due to the
greater growth of microorganisms in this medium, the plants
have been harvested and dried and are now being analyzed by
gamma ray spectrometry.

3.3.3.4 Plutonium Transport on Particulates - D.R. Champ and J.L. Young

In the previous quarter we reported our initial speciation
studies on the Pu released from laboratory soil columns. These
speciation studies have been continued and further analyzed with
the general objective of improving our understanding of Pu trans-
port in groundwater flow systems. We have also repeated several
earlier experiments with the intent of confirming and improving
our previous data base.

Filtration and ultrafiltration studies of the Pu species
present in the column effluent at steady state, as defined by
a constant release rate for total Pu, have been conducted. At
steady state the particulate and colloidal components accounted
for -70% of the Pu released, the remaining 30% were soluble
components. Comparison of these results with those reported
previously (Section 3.4.1, PR-HS-10), for effluent samples
taken prior to the attainment of steady state conditions,
illustrates that the particulate and colloidal fractions
increased with time to a steady release rate.

The influence of temperature cycling and antibiotic
treatment on Pu release rate was re-examined on two parallel
columns. In order to analyze these experiments more than 300
alpha sources have had to be prepared. Both alterations of
elution conditions affected the differential release of
particulate and colloidal components compared with soluble
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components. These experiments have in fact confirmed and
extended our previous observations. Antibiotic treatment
completely inhibited the release of particulate Pu. The data
strongly support our hypothesis that bacteria catalyze release
of the particles which are responsible for transport of a
large percentage of the Pu in the effluent.

The Pu column results are now being compiled for an initial
publication. Future studies will investigate further the
mechanisms responsible for Pu release and transport.

3.3.3.5 Geochemistry of Seepage Zones - D.R. Lee and N.S. McLeod

A report on the geochemistry of seepage zones was completed
by N.S. McLeod, attached to CRNL from the University of Waterloo
and supervised by D.R. Lee. A technique was developed and
tested for determining in situ the retardation of groundwater-
borne solutes in groundwater discharge areas.

The technique involves the vertical insertion of a 33-cm
long, 10-cm or 15-cm diameter column into the seepage area.
Under natural gradients, in groundwater discharge areas, ground-
water flows upward through the column. Tracers are injected at
the base of the column, move up through the cylinder, and are
detected at sample points at 10-cm intervals. The retardation
factor is determined through the different rates of movement
of reactive and nonreactive tracers.

Retardation factors for Sr and a Co complex were
determined at two sites, a stream bottom and a lake shore. The
measurements gave retardation factors for 85Sr of 37 to 156,
similar to the range trom other studies done on the same
sediments. A ^°Co complex taken from the ground in the East
swamp, downgradient o± waste management area A, had a
retardation factor of one measured by the in situ column method.
This agreed with field observations on a nearby contaminant
plume, unlike the results from batch tests with the cobalt
complex which ranged from 11 to 57. We are confident of the
correctness of the in situ result, and int 2rpret the other
results as indicating the difficulty of establishing field
conditions in the laboratory.

Measurements of Ejjf pH, and alkalinity, and major cation/
anion analysis of water withdrawn from the sample points and
injection plate indicated that, in most of the columns,
oxidizing groundwater flowing up the columns became reduced at
the 5 to 15 cm depth. The dynamic geochemical nature of the
seepage environment was illustrated by EH variations of as much
as 400 mV over a 10-cm vertical distance. Concentrations of
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nitrates, iron, and sulphate were observed to change in a
direction corresponding to that expected from the observed E H

gradient.

3.3.4 AQUATIC RADIOECOLOGY

3.3.4.1 Uptake of Radionuclides by Freshwater Clams - J.W. McMahon,
A.E. Docherty and S.R. Gentner

Long term feeding experiments have been designed to
measure the rate of uptake, assimulation, and excretion of
radioactive material from labelled food cells by the clam
Elliptio complanatus. The availability of a constant
concentration of food cells over an extended period is a
prerequisite for such studies. To resolve this problem
electronic equipment is currently being designed that will
automatically maintain food cell concentration at a predetermined
level.

Another basic requirement is an understanding of the
feeding behaviour of the clam. Filtration rate (the amount of
water swept free of food cells per unit of time by a clam) has
been determined for variations in water temperature, flow rate
of water past the animal, substrate, animal size and food cell
concentration. Results indicate that filtering rate is
inversely related to animal size and flow rate. Maximum
filtering rate was achieved in the temperature range 18-20°C.
Filtering rate was constant at food cell concentrations below
105 cells/mL. Below this concentration the time required for a
5.0 cm clam to pack its gut was approximately inversely
proportional to the concentration of available food cells [80
minutes at a cell concentration of 105 mL"1 and 180 minutes at
5xlO4 mL"1].

3.3.4.2 Huclide Distributions in Freshwaters - R.J. Cornett and L. Chant

The fraction of a nuclice, discharged into a lake or river,
that is sedimented from the water must be known before the
influence of the discharge upon the concentration of the nuclide
in the water can be predicted. Simple input-output (mass
balance) models have proved useful for estimating rates of
phosphorus sedimentation . The applicability of this type of
model to nuclides will be studied over the next two years.

Kirchner, W.B., and P.J. Dillon, Water Resources Res. 2(1):
182-183, 1975.
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The first test used releases of Cs and H into the
Ottawa River measured by the Environmental Research Branch and
summarized each quarter in this series of reports. In the
section of river from Deep River to Pembroke, the average
annual areal water load (annual discharge divided by surface

area) was 373 m*a . A statistical relationship developed to
predict the fractional rate of sedimentation of phosphorus from
the measured water load suggests that only a few percent of the
annual input of a nuclide should be deposited in the river •,
sediments. A conservative-substance, cells-in-series model was
used to predict concentrations of l-̂ 'cs and H at Pembroke. The

137predicted concentration of 137cs (9.2 mEq-L~l) was significantly
less than the measured, average monthly concentration of 10.0
inBq-Ij . We believe that the difference between the predicted
and observed concentrations does not result from errors in the
model, or from the underestimation of CRNL inputs of -̂̂ 'Cs to
the river. Measured concentrations of •% - also present in
CRNL operations effluents - were not significantly different
from concentrations predicted by the mass-balance model. In
addition a similar discrepancy between measured concentrations
of 137Cs a t Rolphton and Deep River was observed. The
additional •'•̂ 'cs measured downstream must have originated from
the desorption of resuspension of 137Cs in the sediments. It is
assumed that a quantity of the nuclide is present in the
sediments, and that some of the nuclide is mobile. These
hypotheses are currently being tested. In ten sediment cores
from the Ottawa River collected downstream from the process
sewer outfall, surficial concentrations of •'•̂ Ĉs frequently
exceeded 5.0 Bq-g"1 dry weight and are hence higher than values
we have observed upstream. The concentration of -L^Cs in the
pore water is currently being measured to determine if the -L-̂ Cs
within the sediments is mobile. 137Cs was chosen for these
experiments because data were available. In the next quarter,
the mass balance model will be applied to other nuclides in the
Ottawa River. To develop a more general model the work will be
extended to other contaminants in other freshwater systems.
Since natural levels of other nuclides are very low a series of
preliminary experiments that examine the utility of neutron
activation analysis techniques are in progress.

1 Stefan, G.H., and A.C. Demetracopoulos, J. Hydraulics Division
ASCE 107: 675-697, 1981.
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3.3.5 APPLICATION OF NUCLEAR TECHNIQUES

14
3.3.5.1 Accelerator Measurements of Natural C - R.M. Brown and

W.J. Workman with H.R. Andrews, G.C. Ball, J.C.D. Milton of
Nuclear Physics Branch and N. Burn, Y. Imahori of NRX Reactor
Branch

Twenty five samples were prepared for measurement in a 7
day Tandem Van de Graaff run completed at the end of this
quarter. These consisted of 4 groundwater carbonate samples
from Borehole CR 13 discussed in Section 3.3.5.3, 9 archaeo-
logical samples (primarily bone artifacts from the Yukon),
9 Antarctic meteorite samples, and a fossil beetle. Preparation
procedures continued to give good recoveries.

All sources gave good C emission-currents of 2-3 uA on
the low energy Faraday cup. However, the run was plagued by
drifting of the l^c/l^c ratio from measurement to measurement
(extreme range +15%) in contrast to the good stability
achieved in the run of September 1981 (PR-HS-9). By the end
of the run it was found that the trouble was caused by the
electrostatic steerers at the high energy end of the machine
being marginally adjusted for l^C. This made C transmission
sensitive to fluctuations which did not affect the ^C beam.
Although the magnitude of this effect seemed serious during
the run, final analysis of the duplicate results taken for
each sample showed that it was largely compensated for by our
practice of normalizing sample measurements to the mean of
bracketing measurements of the standard.

14
The C contents of meteorites from three additional

Antarctica sites, Meteorite Hills, Reckling Peak and Elephant
Moraine, have indicated terres' rial ages in the range of 30-40
thousand years. Measurements were on carbon prepared from
CO2 extracted from aboi . 10 g of meteorite by E.L. Fireman,
Smithsonian Astrophysical Observatory, Cambridge, Mass.^
Carbondioxide was collected separately at 500°C, 1000°C and
melt temperature to differentiate between surficial
contamination and C generated in outer space. Samples of
less than 1 mg C were analyzed by adding carrier to have 2-3 •
mg for source mounting.

We have demonstrated that the erroneously young ages
obtained for 2 bone samples last year (PR-HS-9) can be achieved
intentionally by hydrolyzing (with hot 6 molar HC1) and
discarding most of the protein material of a bone sample,
leaving a small, stable organic residue (<0.5% of the original
bone) of a few thousand years age. Dissolution of the
inorganic components of bone does not require such vigorous
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treatment and he.s been achieved satisfactorily for all recent
samples by an overnight extraction with 1 molar HC1 at room
temperature. The organic residue so obtained amounts to about
54 of the original bone and gives reasonable, reproducible ages.
However, this treatment does not remove the contaminant, it
simply avoids concentrating it by retaining as much of the
true bone protein as possible. It is estimated that the age of
the sample used in this study (NMC-1220) should be adjusted
from 13,000 years to 15,000 years because of the contribution
of this contaminant. Since the amount and age of such
contaminants are probably variable from sample to sample, it
is advisable to develop a procedure which will be more specific
for bone protein.

Details of the recent run are also reported in Nuclear
Physics Branch Progress Report PR-P-133, Section 2.20, AECL-
7683. This is the last run until the Tandem is back in
service after installation of the Super Conducting Cyclotron
booster (about 2 years time).

j.3.5.2 Validation of Borehole Sampling Techniques - R.M. Brown and
W.J. Workman

During the 1981 field season personnel of the National Hydrology
Kesearch Institute, Department of the Environment, installed
/Jest Bay packe. s and sampling ports in Borehole CR 13. This
required the injection of surface water into the borehole
from nearby Lower Bass Lake, tritium concentration 2450
Tritium Units (294 Bq-L ), to pressurize the packers. We
have measures the tritium content of series of samples from
the various ports to check on the removal of this water from
the sampling system by subsequent pumping. At the upper
three ports (see Table 3.3A), tritium concentrations dropped
to levels below 100 T.U. (12 Bq-L"1) after 2-3 days pumping.
At lower ports tritium levels greater than 200 T.U. (24 Bq-L"-'-)
persisted or returned indicating problems of leakage of the
water-filled packing system. These tritium measurements
serve as an indicator of when the system is sealed properly
and pumped sufficiently to provide true samples of the aquifer
water at the various sampling levels.

3.3.5.3 Dating c f Borehole Water Samples - R.M. Brown and W.J. Workman

Cdrbon-14 has been measured with the Tandem accelerator
(see Section 3.3.5.1) on six samples taken down-hole in 500 mL
stainless steel cylinders, primarily in this instance to test
the sample handling technique. These waters, at about 150 ppm
oicarbonate, gave about 15 mg of elemental carbon on processing.
Since 3 rig is sufficient for the measurement, significantly
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smaller samples or lower carbonate contents can be handled.
Results are presented in Table 3.3A below. In view of the
degree of contamination by surface water indicated by the
tritium concentrations, we can say that the carbon-14
concentrations at Ports 14, 10, 9 are probably representative
of the grounc?waters at these depths whereas the concentrations
at Ports 6 and 4 are high because of a significant component
of surface water. Using a value of 140 pmC for lake water
and mixing ratios indicated by the tritium concentrations, a
rough estimate of 30 pmC for groundwaters at Ports 6 and 4 is
obtained. Thus, this method appears suitable for 14c
determinations which, in conjunction with geochemical data,
can be used for estimating water ages.

Port

Lake Water
14
10
9
6
6
4

Depth
(m)

0
86.3

216.4
247.8
426.7

(32 days later)
487.7

C Cone.
(pmC) *

--

60.2+5.0
54.3+4.2
29.2+1.3
59.7+3.0
58.6+1.7
85.8+2.0

Tritium
(T.

2452+50

28+9
99+15
49+7

612+25
579+17

1298+19

Cone

u.)

14
* 100 pmC = 100 per cent modern C, i.e. C concentration in

1890 wood.

234 238
3.3.5.4 U/ U Activity Ratios - G.M. Milton and R.M. Brown

Over the past two years a number of groundwater samples
pumped from boreholes drilled at two widely separated regions
of the Canadian Shield - WNRE and CRNL - have been analyzed
for uranium content and the activity ratio of - 3 4 Q to ^38u.
Samples of bedrock and some fracture filling materials (e.g.
calcite, chlorite) have also been analyzed in the case of
WN1 (PR-HS-10). Some thorium analyses have been carried out,
and rough estimates of some calcite and groundwater ages made
from the 230Th/238g r a t i o s s o obtained.

CR 13 is the first borehole drilled in the Canadian
Nuclear Fuel Waste Management Program study for which a
complete suite of water samples associated with the main
fracture zones will eventually be available. Unfortunately
the air-drilling technique employed does not provide a core;
however chips collected at 5 ft (-1.5 m) intervals are
available, plus one sample of fracture calcite from 248 m depth.
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Analytical results for the 3 water samples collected at CR 13
during the summer, 1981, are in Table 3.3B.

TABLE 3.3B

Port
Number

14
10
9

U in Borehole

Depth
(m)

86
218
248

CR 13

U content

.59
17.8
13.7

. 234 238

( T~J.^ )

3.68+.22
1.65+.02
1.76+.02

The rather unexpectedly large increase in U content at
depth coincides with a fairly thin pegmatite layer intruded
into the granite-granite-gneiss country rock. However, whole
rock analyses of small chip samples have not indicated the U
enhancement frequently seen in such dykes; for example those
in du Bonnet Batholith granites1. Gamma counting of 4C0 g
chip samples, now in progress, should indicate whether non-
uniform U enhancement, such as may occur on fracture
coatings, could be the source of U enrichment in the ground-
water samples. We interprete the almost total absence of
230ih at Ports 9 and 10 to mean that U was added recently to
these samples. Also the low ratios of 234U to 238U
probably reflect a fairly rapid addition under oxidizing
conditions (where selective leaching is the only mechanism
contributing excess 234u to the solution), rather than a
steady addition along the flow path, which would provide a
larger contribution of 234U by alpha recoil. The U
concentration measured at Port 14 is in good agreement with
those measured at similar depths at CR 6 and CR 7, though
the activity ratio is considerably higher (3.7. compared with
2.1).

A few samples from WN 2 and WN 8 have also been analyzed.
A zone, or zones, of high U content, have been identified in
all the WNRE borehole groundwaters sampled to date. Higher
activity ratios (relative to those observed at CR 13)
associated with the high U concentrations may mean that
the mechanism of U addition is different in the two cases,
with U being added continuously throughout the flow regime
at WNRE. High helium concentrations in all these later bore-
holes lend support to the hypothesis of high concentrations
of U in the fracture fillings. Whether the enhancement is
sufficient to account for the concentrations observed in the
waters is not yet clear. Possibly detailed study of the
chief fracture zone of the WN 8 core, so obtained, will shed
more light on the question.

i

^Tammsmagi, H . y . , K e r f o r d , P . S . , Reque ima , J . C . a n d
Temple , C . A . , AECL-6439, 1 9 8 0 .
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The diversity of samples analyzed from the WNRE drilling
has made interpretation of the results difficult. However we
hope that recent reviews of geophysical data-'- and geochemical
data2 for this site will assist us to find some regional
trends in U concentration and activity ratios.

3.3.6 APPLICATION OF NUCLEAR FACILITIES

3.3.6.1 Aquaculture of Freshwater Organisms - J.W. McMahon and A.E.
Docherty

Studies are in progress to determine the amount of
nutrient enrichment (phosphate-phosphorus and nitrate-nitrogen)
required, under conditions of low grade heat (22+0.5°C), to
obtain maximum growth rate in the alga Scenedesmus bijugatus.
To date laboratory stock cultures of Scenedesmus bijugatus
have been successfully established in Maskinonge Lake water
enriched with phosphate and nitrata at double the lake
concentrations of 20 pyL"-'- P as PO4 and 150 ug-L"1 N as NO3. We are
now attempting to determine the nutrient requirements for
maximum growth rate by varying the nitrate-phosphate loading
in the Scenedesmus cultures.

3.3.6.2 Culture of Bivalve Molluscs - J.W. McMahon and A.E. Docherty

This study is designed to measure the maximum sustained
growth rate of clams (Elliptio conrolanatus), at an elevated
temperature (20+0.5°C), feeding on natural lake plankton or
lake plankton supplemented with cornstarch, wheat flour or
algae (Scenedesmus quadricauda). The temperature and food
cell concentrations selected for this study permitted maximum
filtration rates by the clams (PR-HS-10). Clams (4.7 cm
length), in groups of 25, were presented with fixed amounts
of supplemental foods over an extended period. Duplicate
"control" g.roups, cultured in 10+0.5°C waters received
similar food concentrations. After a 40 day feeding period
a slight increase in clam wet weight was recorded for
animals subjected to the lower, near ambient temperature with
the food combinations tested. No change in weight was
observed for clams cultured at 20+_0.5°C. This study is
continuing.

Mair, J.A. and Green, A.G., Nature 294 439, 1931.

Bottomley, D.J., Graham, B. and Ross, J., TR 122.
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3.4 ASSESSMENT

3.4.1 MODELLING

3.4.1.1 Priorities in Research - P.J. Barry

A discussion paper is being prepared to help identify
priorities for underlying environmental research in support of
waste management. The initial approach is to consider the
research implications of requirements with respect to the nature
of the quantities to be estimated in the waste management
program and the accuracy required. Preliminary considerations
are as follows:

The type of dose being estimated for the assessment
critically determines the scope of needed research activities.
For example, if the dose criterion is the dose to the maximally
exposed individual (i.e. the critical individual) this will
occur at the point of interaction of a person and a pathway
closest the source i.e. where dilution is minimal. Amongst
possible points that could be selected is that where a person
drills a water supply well near the edge of the pluton/
unconsolidated interface. If this is the critical individual
there would be little need for further research into other
pathways for the dose would depend f.lmost entirely on what
happens within the pluton. On the other hand if the
collective dose to all exposed individuals was the selected
criterion then many other pathways become important, i.e.
those pathways which supply intakes of radionuclides to the
largest numbers of people. For example water supplies to
large urban centres and commercial fishing areas would have to
be considered.

On the question of accuracy, the range of uncertainty about
a numerical estimate of dose is a crucial one as is the spatial
and temporal resolving power of any models used to estimate
radionuclide transport. In general it seems unlikely that
transport models of high spatial resolution will be needed
because it is impossible to predict with any certainty at what
geographical locations humans would intersect the transport
pathway. For example a groundwater flow model that can predict
the geographical trajectory of a contaminated plume would be
useless because it would be assumed that a critical individual
intersected the plume irrespective of where on the map it was
located. In this case dispersion about a plume centre of mass
would be a more appropriate field for study than the development
and testing of models to predict the exact trajectory of the
plume centre of mass.
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Even if, as appears to be the case here, a lower order
spatial resolution is adequate, a large number of core samples
are still needed to characterize a flow system in a heterogenous
flow medium if a conventional groundwater model is to be used.
This is because a typical borehole provides a point sample.
For lower spatial resolution it may be more cost effective to
obtain spatially averaged flow parameters from an
interpretation of stream hydrographs.

3.4.1.2 Dispercion of Accidental Releases of Radionuclides to the
Atmosphere at CRML - E. Robertson and F.C. Brown

Erection of the 65 m meteorological tower at Perch Lake
was completed February 10. However, because a necessary signal
conditioning unit has not yet beeu delivered, instruments have
not been mounted on the tower. The data acquisition system has
been checked and programming procedures have been worked out.
The wind velocity and temperature data that will be provided
continuously are desirable inputs for our model predicting the
atmospheric dispersion of accidently released radionuclides.
Currently, hourly average wind speeds and directions are
abstracted regularly from the chart output of the aerovane on
Building 456.

Gaussian plume models are the most used and most reliable
atmospheric dispersion models. In the model, the dispersion of
material is assumed to be described by a Gaussian distribution
characterized by the standard deviations av and 0Z in the
horizontal and vertical directions respectively. These
dispersion parameters, 0y and 0Z, are functions of atmospheric
stability, distance and roughness of terrain. Estimates of
concentration at some point in the atmosphere for a given wind
speed, release rate and release height can vary by factors of
10 or more depending on the choice of dispersion parameters.

Pasquil did the original experiments to show the variation
of Oy and Oz with distance for 4 classes of atmospheric stability.
Equations that describe these results given by Briggs or
Hosker-Smith2 are widely used. The latter take into account
terrain roughness. Our model includes the option of using
either Briggs or Hosker-Smith equations. We are determining
the effect of choice of these and other equations on the
predicted concentrations.

1Pasquill, F., Met. Mag. 9£, 1063 33, 1961.

Hosker, R.P., Proc. Symp. on Physical Behaviour of
Radioactive Contaminants in the Atmosphere, IAEA, Vienna,
Nov. 1973.
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A Gaussian Plume dispersion model is on a PI file
accessible from the computer terminals in Building 513. Thus
an estimate of plume direction and width, and downwind
concentration per unit release of radioactivity could be made
within minutes of a stay-in signal. An estimate of source
strength and composition would be needed to estimate actual
concentrations and doses.

3.4.1.3 Computer Model Development - G.L. Moltyaner

Two computer programs have been implemented in the CRNL
computer centre. One is a 2D finite element code for the
solution of steady-state groundwater flow problems in terms
of hydraulic heads. The second is a 2D finite element code
for the solution of steady-state groundwater flow problems
in terms of stream functions. In order to estimate the
ability of these programs to simulate groundwater flow,
calculations for local groundwater flow have been started.
They involve a 2D representation along a vertical cross
section through the plume from the nitrate plant near Lake 233
(see Figure 3.2).

3.4.1.4 Tracer Test Site - R.W.D. Killey and J.H. Munch

From the experimental study (see PR-HS-9) of the
dispersion of a non-reactive tracer over a flow path of about
100 m we plan to determine whether the dispersion coefficient
is a function of distance travelled or if it approaches some
constant value after a given length of flowpath. Attempts
will be made to correlate dispersion with geologic features
in the aquifer.

During the past quarter, 4 more continuously-cored bore-
holes were drilled to refusal (boulders in till or bedrock),
sampled and logged, and instrumented with piezometer nests.
Static water levels have been measured monthly, and recently
bi-monthly, and a grid for a detailed pulsed radar survey
(see Section 3.4.3.1) has been established. All geologic and
hydrogeologic data collected to date are being compiled, and a
report analysing the information is nearing completion. This
documentation will provide G.L. Moltyaner with the data base
for finite element modelling of the site. Model results will
be used to assist in designing the actual tracer experiment
and to make testable predictions.

Our current estimate of average groundwater flow velocity
in the proposed test area is 0.55 m-d"1; to observe migration
over a 100 m distance will require approximately 200 days. In
order to take advantage of the modelling results in experiment
design, and to allow testing of injection procedures, the
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actual test is unlikely to start before mid-June. Subsequent
sampling will be extended into the winter as long as possible,
but a repeat test may be required in 1983.

3.4.2 SITE STUDIES

3.4.2.1 Perch Lake Swamp Survey - R.W.D. Killey and J.H. Munch

Reactor Pit No. 2 in Waste Management Area "A" is a low-
level radioactive liquid waste infiltration pit in the Perch
Lake Basin that has received water from the rod bays for the
past 25 years. Tritium has always been a major component of
the radionuclide inventory, although measurements of ^H have
only been made since 1968. The plume of 3H-contaminated
groundwater arising from this pit extends about 750 m south-
southwest to Perch Lake through the sands underlying the Perch
Lake Swamp. The plume was mapped on a 400-foot grid in 1963
and again in 1969-'- but no permanent sampling network was
installed. Predicted increases in 3H in Perch Lake based on
the 1963 survey were never observed. The plume configuration
in 1969 was very similar to that in 1963, with the front of
the zone of highest ^H concentrations (>1700 Bq-mL"-'-) lying
about 150 m north of the lake. The plume was also found to
lie east of the path predicted from hydraulic head
measurements.

The current program of investigation is intended to
- improve stratigraphic information concerning the affecteo
flow system,

- define the current distribution of H and establish a
network of permanent monitors, and

- determine groundwater flow patterns and velocities to
improve our predictions of tritium release to surface waters.

During 1981, boreholes were drilled in and around the
Perch Lake Swamp, cored continuously, and instrumented with
multi-level samplers at 1 m intervals. Drilling has utilized
the 400 foot grid surveyed previously. As noted in the last
progress report (PR-HS-10), tritium distributions show the
same character as in 1969, although maximum concentrations
are significantly lower, and clear evidence of direct dis-
charge to Perch Creek has been collected.

Over the past quarter, 16 more multi-level monitors have
been installed, reducing the spacing between sampling points
to 200 feet along the lines transverse to groundwater flow,
and extending the monitor network up towards the source aret.
Analysis of hydraulic head distributions measured in the

XBarry, P.J. and F. Entwistle, AECL-5039.



\

- 49 -

multi-level samplers has proven very valuable in assessing the
hydraulic importance of thin clayey silt layers in the aquifer,
and has revealed the presence of thin low-permeability
horizons that were not recorded during the early 1981 drilling
(when major problems in soil sample recovery led to design of
a new coring apparatus). From hydrogeologic information we
now believe that the apparently stationary plume peak (still
located about 150 m northeast of Perch Lake) results from
major groundwater flow-line divergence caused by thinning of
the aquifer over bedrock which rises towards Perch Lake. The
^H plume increases in width from about 450 m (on the transverse
line 150 m north of the lake) to about 800 m along the dike
road. A medium sand underlying the thick basal clay but
containing relatively high ^H concentrations has been encoun-
tered in several of the recent boreholes and is tentatively
identified as a buried stream channel. The location of
discharge to surface and the flux of groundwater from this
unit are still unknown, although available information indicates
that much of the discharge may be to Perch Creek.

3.4.2.2 Tritium Budget of Perch Lake - P.J. Barry

The tritium budgets of Perch Lake for the past 11 years
are being analysed both to give a definitive statement of the
disbursement of tritium into the local environment from
disposals to the Waste Management Area "A" (see Figure 3.2) and
to identify mechanisms governing tritium mobility in the
drainage basin. The budgets are deduced from the measured flux
of tritiated waters (HTO) in Main Stream through Inlet 2 (see
Figure 3.2), estimates of HTO evaporation based on estimates
of the water evaporation obtained from energy budgets for the
lake, the measured flux out of the lake through the outlet and
the measured storage change. Estimates of the ground-tritiated-
water inflow to the lake are then obtained as a residual. This
work has shown that both sub-surface and surface HTO fluxes are
functions of the total drainage flow of water through the
system. Multiple regression applied to the annual surface
fluxes of HTO against the annual water flows of Inlet 2 and
the annual disposals of tritium to Area "A" shows a high
correlation with the water flow and no correlation with
disposal rate. This result is in conflict with a model
earlier proposed by Barry and Entwistle^ who deduced that
60% of the annual tritium flux was, up to the time of their
study (about 1972), contributed by the current years disposals.
However, the data they had available were sparse and the
situation studied was dominated by a large transient release
in the early 1960's. It now appears that the present surface

Barry, P.J. and F. Entwistle, AECL-5039, 1975.
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fluxes are dominated by discharges of ground tritium into the
Inlet 2 stream above the gauging weir and represent the behaviour
of a system more closely approaching steady-state than was so
in the late 1960's. The strong correlation between the
surface HTO fluxes and the water £Ii_w at Inlet 2 suggests that
the current precipitation is not a large component of the
stream flow but rather that it displaces groundwater containing
tritium and this is the major component of the run off
following rain.

This is not too surprising and is consistent with results
from other basins using isotope ratios. it is also consistent
with earlier observations that the concentrations of tritium
in the hourly discharge after a storm initially rose to a
plateau and then decreased during the recession limb of the
stream hydrograph. In the lower Perch Lake system conditions
are propitious for an increased discharge of ground most likely
due to a Reverse Wieringermeer (see Section 3.3.2.2) effect
because of the shallow depth to the water table in the Perch
Lake Swamp. Earlier studies by Barry et al1 have shown
that the direct ground tritium flow into the lake is pulsed and
the timing of the pulses is strongly correlated with the
occurrence of precipitation. It is quite likely that a
similar pulsing occurs with the groundwater tritium discharges to
Main Stream Inlet 2. It is evident from this recent work that
the Barry-Entwhistle model is unsatisfactory and a new model
is needed. Monthly tritium releases to the pits have been
extracted from the files back to 1968 but the information for
earlier years which is known to exist at least back to 1963 has
been sought but not found. An analysis of the monthly data
should reveal more information about the mechanisms operating
than has thus far been obtained from the annual data.

3.4.2.3 Surface Fluxes of Tritium in Perch Lake Basin - R.W.D. Killey

We know much of the tritium in Perch Lake enters by
surface streamflow (see above). All of the tritium, however,
is transported some distance through the subsurface before
discharging to Main Stream or its tributaries. We are trying
to define 'H fluxes and the areas of groundwater discharge to
streams. The most notable finding to date is that more than
20% of the tritium reaching Perch Lake comes from Waste
Management Area "B" which apparently enters the Main Stream
immediately south of the Plant Highway. A review of past
monitoring data indicates that this has been happening for
at least the last 8 years.

Barry, P.J., E. Robertson, and D.P. Wildsmith, AECL-5O41/II,
page 557.
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Measurements of the tritium fluxes through the Main Stream
and East Swamp Stream above the Perch Lake Swamp at the hydro-
line will soon be possible with new weirs (see Section 3.5.1.5).
These will greatly assist the further study of tritium
behaviour. Meanwhile data collection and analysis are
continuing.

3.4.2.4 Chemical Pit Flume - R.W.D. Killey and J.H. Munch

For 25 years, the Chemical Pit has been used to dispose of
aqueous low-level radioactive waste from CRNL laboratories by
infiltration into a sand dune. The practice will cease when
the Waste Treatment Centre goes into operation. Groundwater in
the underlying sand aquifer has transported contaminants to the
East Swamp Stream, 100 to 200 m southwest of the infiltration
pit. A wide variety of radionuclides (including 3H, C, Sr,
137Cs, 226Ra, 237Np, 2 3 8U, 239Pu) are present in the subsurface,
stream water, and vegetation growing in East Swamp, the ground-
water discharge area. In previous reports in this series we
have defxned the general geology and hydrogeology of the area,
major ion chemistry, and the distributions of 3H and 60Co.
Outside the Chemical Pit compound, a total of 300 GBq (10 Ci)
of "Co has been estimated to be sorbed to the aquifer sands,
with (at the time of sampling) about 8 GBq (0.2 Ci) in solution.
Distribution was very heterogeneous although the sands are
geologically quite uniform. Ratios of sorbed to dissolved Co
in centrifuged core samples ranged from <1 to about 300 mL-g~l.

60
On November 21, 1981, 55 GBq of Co (and much smaller

quantities of other activation products), present as complexes
in decontaminating solutions from the U-l Loop, were accident-
ly pumped to the Chemical Pit. The volume of wastewater perch-
ed in the Pit is unknown, but if we assume dilution with all
wastewater discharged in November and December (581 and 175 m3

respectively), the 60Co specific activity would be 73 Bq-mL"1.
Because the 60Co was complexed when discharged to the Pit, and
because we had already observed mobile complexed "Co in the
underlying aquifer, we anticipated a significant rise in
dissolved ^Co in the groundwater plume. Such a rise would
provide a direct measure of groundwater flow velocity. We
also wished to be prepared for the possible release of
previously sorbed 60Co by reaction with free complexing agents
in the decontaminating solution. Therefore monitoring of
dissolved 60co activities in multilevel samplers downgradient
of the Chemical Pit began on December 11, 1981 and has
continued throughout the past quarter. However we have
observed no changes in concentration that can be attributed to
the recent disposal. For example, at sampler ES-40, 15 m
downgradient of the Chemical Pit, where we expected to observe
the change at 5 weeks, the concentration at 7 m and 8 m below
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3.4.2.8 CRNL Fish Survey - D.R. Lee and B. Harrison

Fish samples collected for us under contract in 1980 have
been screened by gross beta and gross gamma counting and some
samples selected for gamma spectroscopy. Interpretation of
the results is proving difficult because 1) the numbers of
fish collected were small 2) the sizes of fish were in a wide
range in each collection 3) different methods were necessary
to analyze fish of different sizes (i.e. whole body for small
fish, fillets for large fish) and possibly 4) there have been
some inconsistencies in the extent of separations of flesh
from bone by the various individuals involved over the 18
months. We expect to be able to draw some broad conclusions
on the distribution of radionuclides in fishes at CRNL in
the next quarter.

3.4.2.9 Temporal Variations in Groundwater Chemistry in the Perch Lake
Basin - L.M. Johnston and M.R. Bowron

The three year study of the temporal variance of ground-
water characteristics has continued, water samples being
collected monthly at three sites in the Perch Lake Basin ("A"
Disposal, peizometer 08 in the Perch Lake Swamp and KNEW 2 -
near the lake). These samples were analyzed for temperature,
specific conductance pH, redox potential, Ca, Mg, Na, K,
titration alkalinity, S04, Cl, S1O2, Fe, Mn, Cu, Zn, Pb, Ni
and Co. Results are available and a report is being prepared.

Water samples from a shallow multi-level peizometer near
"A" Disposal, were collected monthly and measured for the
same variables as in the above study. This study was under-
taken to examine acid rain effects, road salt incursions,
changes in chemistry influx with depth and temporal variations
as part of the above study. Results for a two year period are
available and a report on these is also being prepared.

5.4.3 TECHNIQUES

3.4.3.1 Remote Sensing by Pulsed Radar - R.W.D. Killey

In a pulsed radar survey, signals (80 to 120 MHz) are
broadcast into the subsurface. Reflections from contacts
between materials with differing dielectric constants are
sensed in an adjacent receiving antenna and digitally recorded
for signal filtering, enhancement, and conversion of arrival
times to depth to the reflector.

The final report of a pulsed radar survey of the 233 Area
and the vicinity of Waste Management Area "F" has been received



- 54 -

from Xadar Inc. The contract was let in 1980 and the field
survey completed in February 1981. Equipment problems
resulted in very poor data, and the contractors returned in
January 1982 to repeat the survey, with improved results. The
surface of the till or bedrock underlying the area was
detected below as much as 20 m of sand and correlates well
with the borehole data. The water table was detected in most
areas, and in many locations several overburden reflectors
have been located. The overburden reflectors could only
occasionally be directly correlated with stratigraphic
characteristics in the borehole logs, possibly because they
represent features such as silt laminae that were too small
to log individually. The overburden reflectors do match
structural trends very well, and will provide a great deal of
guidance in mapping the stratigraphic units.

In this quarter A-Cubed Inc., a Toronto-based geophysical
consulting company, has been contracted to provide pulsed radar'
profiles in 5 experimental areas at CRNL.. About half of the
profiling was performed on a closely spaced grid at the Tracer
Test Site, and field data show excellent resolution of the
bedrock surface and of a number of stratigraphic contacts in
the overburden. Promising results were also obtained at
several of D.R. Lee's study areas, although survey lines on
Maskinonge and Chalk Lakes showed considerable signal loss in
slush covering the lake ice. A report is expected in April.

3.4.4 COMMITTEE AND PANEL STUDIES

3.4.4.1 Panel on Radioactivity in the Aquatic Environment - I.L. Ophel

The Panel was appointed by the national Research Council
of Canada Associate Committee on Scientific Criteria for
Environmental Quality with I.L. Ophel as chairman. The Panel's
objectives are: (1) to review the available literature on
radioactivity in the Canadian aquatic environment; (2) develop
water quality criteria for the protection of the aquatic
environment. The chairman and secretariat are now editing a
final draft for Panel approval.

3.4.4.2 Canadian Standards Association Working Group for the Preparation
of CSA Standard N288.1 - I.L. Ophel

The working group is preparing a document "Guidelines for
Deriving Release Limits of Radioactivity in Gaseous and
Liquid Effluents". The first draft has been reviewed by the
working group and members are now rewriting individual
contributions for the second draft.
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3.5 ANALYSIS AND MONITORING

3.5.1 INSTRUMENTS AND METHODS

3.5.1.1 Atomic Absorption Spectroscopy - J.M. Judd

The polarized Zeeman-effect atomic absorption
spectrometer, Hitachi Model 170-70, obtained from Neutron and
Solid State Physics Branch was installed in the branch. This
new atomic absorption system utilises a graphite furnace
atomiser and full background correction that should improve
accuracy and precision in the determination of metals at sub-
microgram levels in environmental samples. Initial tests
using 10 pL samples of standard solutions of lead (0.05 ygPb-
rnL""-'-) and copper (0.5 pgCu-mL ) were made to determine
repeatability (i.e. precision) of measurement. Direction of
argon carrier gas flow across the furnace cuvette was found
to be critical in achieving peak height reproducibility.
Repetitive 10 pL samples of 0.05 ygPb-mlT^ gave a coefficient
of variation, C.V., (= standard deviation as % of mean) of
12.5%. After alignment of carrier gas flow direction and

optimum adjustment of flow rates a C.V. of 2.1% was obtained.
It was also found that each graphite tube cuvette could be used
for 80 to 100 analyses before deterioration rendered it unusable.
Sample runs to determine minimum detection limits, linear
concentrations, and repeatability of measurement of elements of
environmental interest are proceeding

3.5.1.2 Ion Chromatography - J.M. Judd and P. Jay

Ion chromatography is used in the branch to determine
inorganic ions in rain, snow, surface waters and groundwaters.
Ion chromatography is particularly suitable for common anion
analysis and is able to measure simultaneously the F, Cl, NO2,
PO4, Br, NO3 and SO4 content of samples at pg-mlT

1

concentrations with good reproducibility in a few minutes.

The Dionex 10 chromatograph has undergone several
modifications since it was first acquired by the branch. The
original manually-operated instrument was automated using
standard Technicon equipment. Recently a Hewlett-Packard
3390A Integrator was added as a read-out. However, the method
of "on-line" suppressor column regeneration and the complex
column switching procedures required on the Dionex 10 when
changing from cation to anion analysis consumed instrument
time that might otherwise be used for analysis. Accordingly
recent modifications to the Dionex 10 have been the
installation of a dual system making anion and cation analyses
independent of each other. With the acquisition of another
low volume conductivity cell it will be possible to analyze
cations and anions simultaneously. The "on-line" regeneration
method has been abandoned and all suppressor columns are now
regenerated "off-line". A new continuously regenerated hollow
fiber ion-exchange suppressor has recently become available
and the branch Dionex has been modified to accept this.
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3.5.1.3 Reliability of Precipitation Analyses - P.C. Jay

The effects of length of storage time on the measured
concentration of common anions and cations collected in
precipitation is being investigated for Environment Canada
Atmospheric Environment Service under contract.

Replicate analyses of precipitation samples at 2-week
intervals for pH and for fluoride, chloride, nitrite,
phosphate, nitrate and sulfate anions and sodium, ammonium,
potassium, calcium, magnesium, iron and manganese cations have
been carried out since early January when the contract began.
It is expected that work will be concluded at the end of
1982 March.

3.5.1.4 Portable Gamma Ray Spectrometer - E.L. Cooper-

There has been no further development in this quarter.
The detector for the portable gamma ray spectrometer (see
PR-HS-10) has been returned by the manufacturer with a larger
crystal installed. As soon as time permits it will be
calibrated so that quantitative measurements can be made.

3.5.1.5 Field Facilities - B.A. Risto

The design, construction and installation of new weirs
and gaugehouses for Main Stream and East Swamp Stream has
been organized. A new weir for the Main Stream has been
delivered and awaits installation. That for the East Swamp
Stream was improperly installed 2 years ago and has not been
usable since. That too should be corrected soon. Installation
is expected to be completed before the spring breakup. The
continuous gauging will enable us to assess the inputs to
Perch Lake Swamp more accurately.

3.5.2 RADIOLOGICAL MONITORING RESULTS

3.5.2.1 Gamma Exposure Rates near CRNL - E.L. Cooper, G. Lahaie and
L.A. Mask

TLD1s placed at the perimeter of the CRNL exclusion area
(see Figure 3.2) are used to measure quarterly exposures that
are the sum of contributions from CRNL and natural gamma
radiation. The exposure rates averaged over the last quarter
and the last two calendar years are given in Table 3.5A.

3.5.2.2 Gamma Exposure Rates at CRNL - E.L. Cooper, G. Lahaie and
L.A. Mask

Shielded (indoor) and unshielded (outdoor) gamma ray
exposure rates in the CRNL exclusion area are given in Table
3.5B. The reduction in exposure rates observed in Building
513 is due to shielding from 35 cm of concrete in the floors
above the detector.
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TABLE 3.5A Gamma
Fourth

Location
(see Figure 3.2)

1
2
3
4
5
6
7
8
13

Harrington Bay
Deep River

Exposure Rates in
Quarter 1981 (pR

Fourth Quarter
1981

7.8
4.3
2.1
3.5
2.6
1.7
3.0
6.9

3.5
5.2

Public Areas
Vh)

1979
Average

9.5
7.3
3.9
4.8
4.3
4.1
4.9
8.3
9.33
5.9
4.8

1980
Average

10.9
6.0
4.2
6.3
5.1
4.4
5.0
7.8

10.7^
-:.8
4.9

Sum of gamma natural background (excluding cosmic radiation)
and airborne contamination exposure rates from CRNL.

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

2 October, 1978 to 3 October, 1979.
43 October, 1979 to 7 October, 1980.

TABLE 3.5B

Location
(see Figure 3

9 2
10 (office)

11
16

Gamma
Fourth

• 2 )

Exposure Rates at
Quarter 1981 (MR

Fourth Quarter
1981

28.6
10.9
10.0
7.8

CRNL
*/h)

1979
Average

30.5
13.2
12.5
10.2

I960
Average

31.0
13.0
12.0
11.2

See Table 1.
41.

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

Office in CRNL cafeteria.

*1 R = 2.58 x 10 4 C/kg
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3.5.2.3 Radionuclides in Precipitation and the Ottawa River - E.L. Cooper,
D.E. Clegg, G. Lahaie, L.A. Mask and H.M. McLaughlin

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 ^^Sr. The results are shown in Figure 3.5A.

3.5.2.4 Radionuclides in Surface Waters - E.L. Cooper, G. Lahaie and
L.A. Mask

Weekly samples and flow readings were taken at weirs on
the surface streams carrying contaminated seepage water from
the Waste Management Areas into Perch and Maskinonge Lakes
(see Figure 3.2). Most samples were combined and analyzed
monthly for ^H as well as quarterly for gamma-emitting
radionuclides and 90Sr. Strontium-90, 60Co ancj 3H a r e

the main contaminants in the Perch Lake basin.

3.5.2.5 Radionuclides in Liquid Effluents - E.L. Cooper, D.E. Clegg,
G. Lahaie, L.A. Mask and H.M. McLaughlin

At CRNL, three liquid effluent streams discharge radio-
nuclides to the Ott.wa River from the inner aiea. They are
the Process and Saniuary Sewers plus the 04 Storm Sewer
combined with 04A seepage. Each of these is sampled regularly
and analyzed for individual nuclides. Also sampled regularly
are Perch Creek, which drains Perch Lake and the Waste
Management Areas A and B and which flows into the Ottawa River,
and Duke Stream, which drains Waste Management Area C and
flows into Maskinonge Lake.

The mean daily releases from the Process Sewer is given in
Table 3.5C for the fourth quarter of 1981. Most of the radio-
nuclides are measured by gamma ray spectrometry. Other releases
are shown in Figure 3.5B. The daily releases have been
calculated from the measured flow rates and radionuclide
concentrations in individual streams. Since 1980, the plutonium
discharges have been expressed in terms of activity per day
rather than mass per day. Since we do not distinguish 239pu
from 240Pu and the two isotopes have different half-lives, this
is a more meaningful expression; the values for plutonium
therefore represent 239Pu plus 240Pu. For comparison with
previous release rates the conversion factor is 1 mCi (37 MBq)
= 16.3 mg for 239Pu.
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TABLE 3.5C Mean Daily Releases from the Process Sewer
Fourth Quarter 1981

The tritium concentrations, determined by liquid scintillation
counting are summarized in Table 3.5D, together with the
activities released during the fourth quarter of 1981.

Radionuclides

9°sr
137Cs
144Ce
106Ru
140Ba

239
Np

95
Zr

54MMn
46
Sc

59
Fe

65
Zn

6C>
Co

Daily
mCi/d

0.3

7

3

1

4

6

23

10

4

3

4

4

9

Release
MBq/d**

12

260

110

37

150

220

850

370

150

110

150

150

330

Percent of
DRL*

2.5xlO~4

9.4xlO~2

4.2xlO~4

2.0xl0~4

9.9xlO~5

4.7xl0"3

8.4xl0"5

1.8xlO~4

1.2xlO~4

9.1xlO~5

1.6xlO~4

9.3xlO~3

2.2xl0"2

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

**Values rounded to 2 significant digits.
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TABLE 3.5D Tritium Concentrations and Releases from the
Exclusion Area
Fourth Quarter 1981

Concentration
UCi-L"1 kBq-L"1

Process Sewer 0.088

Sanitary Sewer 0.015

04 Storm Sewer 0.225
(plus 04A)

Perch Creek Weir 0.291

Duke Stream 8.43 3.

3.3

0.6

8.3

11

lxlO2

Quarterly
Ci

1.2xlO3

1.0

11

54

80

Release
GBq

4.4xlO4

37

4.1xlO2

2.0xl03

3.0xl03

Percent of
DRL1

4.7xlO~2

4.3xlO~5

1.4xlO~3

5.0xl0~3

l.Oxlo"2

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

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

3.5.2.6 Ar in the CRNL Stack Argon - D.P. Wildsmith and G. Lahaie

41
Periodic sampling and measurement of the Ar released from

the main reactor stack continues. These results provide a
calibration for our continuous ^^Ar monitor on the stack. The
rate of release of 41Ar 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 also reduces the
4lAr release rate per unit power level. The monitoring results
therefore indicate changes in the operating conditions of the
reactors and also provide an indication of the effectiveness
of the CO2 system.

On February 24, 1982 at 0820 hours (EST) with NRU generating
at 125 MW, with the annulus CO2 system generating normally,
and NRX not operating, the 41Ar in the stack was measured at
45 TBq-d"1.
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3.5.3 iMONITORING PROGRAMS AND SERVICES

3.5.3.1 Earth Tide Measurements - B.A. Risto

The earth tide measuring equipment in 9 Chalk River
bedrock drill holes (CR 2-4, 7-12) is routinely operated for
Earth Physics Branch of the Geologic Survey of Canada. Each
drill hole has ports in its casing that can be opened or
closed, permitting the hydraulic head in fractures at
particular levels to be monitored continuously. In the current
program, started in March, ports are being changed and data
extracted each week. In addition pressure tests on drill hole
CR 6 are carried out routinely as part of the same earth
tide study.

3.5.3.2 Hydrological Data at Perch Lake - D.P. Wildsmith and B.A. Risto

The weirs in the Perch lake Basin are routinely surveyed,
maintained and monitored and the results are sent to the Water
Survey of Canada. Interpreted data, giving the Perch Lake
outlet and inlet stream flows for the period 1 January to
31 December 1981 have been received from the Water Survey of
Canada and Environment Canada. Precipitation data, maximum
and minimum air temperatures, soil temperatures and the outlet
stage height are recorded daily.

3.5.3.3 Analyses of Tritium and Ions in Perch Lake - P.C. Jay

Tritium analysis of weekly water samples from Perch Lake
Outlet, Perch Creek Weir and No. 1 and No. 2 inlets was
continued. The collection of daily samples from Perch Lake
Outlet and No. 2 inlet was started in early March to obtain
more detailed data on the tritium concentrations entering
and leaving Perch Lake.

Cation/anion analyses of surface water and groundwater
samples from the Perch Lake system were continued.

3.5.3.4 Air Filter Analyses - E.L. Cooper, D.E. Clegg and G. Lahaie

89
Air filters are being analyzed radiochemically for Sr

and 90Sr for Ontario Hydro under contract. Our standard methods
are being used.

3.5.3.5 CRNL Climatological Report - P.C. Jay

A monthly climatological report including daily maximum
and minimum temperatures and precipitation at CRNL is sent to
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the Atmospheric Environment Service in Toronto. These
meteorological data contribute to those obtained from a
network of stations across Canada.

3.5.3.6 Meteorological Support of Hybrid-Heating Experiment - P.C. Jay

Meteorological data has been collected daily to mid-March
and submitted to R.K. Elliott, Design and Technical Service
Branch. The data is used to ascertain the heating requirements
in the CRNL/Deep River Hydro hybrid heating systems installed
in 50 AECL houses in Deep River.

3.5.3.7 Atmospheric Environment Service Air Pollution Network
Monitoring Station at CRNL - D.P. Wildsmith

In cooperation with the Atmospheric Environment Service
of Environment Canada we continue to operate the background,
precipitation, air and partioulate sampling station at CRNL
daily.

3.5.3.8 Environmental Research Branch Emergency Procedures -
D.R. Champ, E.L. Cooper, E. Robertson and B.A. Risto

The Emergency Procedures Committee has met 4 times during
the past quarter to review Branch procedures and to draft an
updated version of the Environmental Research Branch Radiation
Emergency Contingency Plan. A new draft has been completed,
reviewed, and submitted to the Radiation and Industrial Safety
Branch for inclusion in the CRNL Contingency Plan. Branch
procedures for informing and locating individuals in an
emergency have been clarified and will be co-ordinated through
the designated professional and the branch secretary. The
Emergency Kits are being completed. Staff training programs
are currently being organized with the actual presentations
scheduled for April.
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3.6 VERBAL PRESENTATIONS

3 . 6 . 1 PRESENTED PAPERS

FIREMAN, E.L., ANDREWS, H.R., BALL, G.C., BROWN, H.M., MILTON,
J.C.D., ""C Terrestrial Ages of Antarctic Meteorites Measured
by Counting and with a Van de Graaff Accelerator", Thirteenth
Lunar and Planetary Science Conference, Houston, Texas,
15-19 March 1982.

3.6.2 LECTURES AND TALKS

CHAMP, D.R., "Nuclear Energy and Health Risks", University of
Toronto, 23 March 1982.

JACKSON, R.E., "Partitioning of Contaminants in Aquifers",
Ontario Research Centre, Toronto, 24 February 1982.

JACKSON, R.E., "Migration and Partitioning of Contaminants in
Groundwater", University of Ottawa, 29 March 1982.

JOHNSTON, L.M., "The Interaction of Acid Precipitation with
Groundwater in the Precambrian Shield", 5 February 1982.

3.6.3 BRANCH SEMINARS

GILLHAM, R., and NICHOLSON, R., Department of Earth Sciences,
University of Waterloo, "Hydrogeochemical Investigations in
Uranium Mill Tailings in the Elliot I='.e District",
13 January 1982.

CHAMBERS, D.B. and HALBERT, B., Senes Consultants, Willowdale,
"Overview of Uranium Tailing Management Practices in Canada,
with Particular Attention to Elliot Lake, Ontario",
14 January 1982.

PARKS, G., Stanford University, U.S.A., "Problems and
Opportunities in Adsorption Research", 22 January 1982.

HORN-JOHNSON, H., Resources Management Consultant, Saskatchewan
Environment Ministry, Saskatoon, "Uranium Waste Management
Research in Saskatchewan", 10 February 1982.

MATANGA, G., University of Waterloo, "Application of the
Finite Element Method for Modelling Radionuclide Transport
in Groundwater", 16 February 1982.



\

McLEOD, N.S., University of Waterloo, "Monitoring of Contaminant
Behaviour in Discharging Groundwater", 10 March 1982.

PETERS, R., ' ~Gill University, "Ecological Implications of
Animal Si.se", 16 March 1982.
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4. RADIATION BIOLOGY BRANCH

by

D.K. Myers

4.1 Staff

4.2 Aims of the Branch

4.3 Notes on Units and Glossary of Terms

4.4 Human White Blood Cells Can Damage the DNA of Mouse Cells When
Stimulated with a Tumor Promoter, Phorbol Myristate Acetate

4.5 Study of DNA Damage in Human White Blood Cells Produced by Exposure to
Non-Phorbol Tumor Promoters

4.6 Photoreactivation of Bacteriophage T4 In Vitro

4.7 Rare or Modified Bases in DNA: Presence of Cytosine and
5-Methylcytosine in Wild-Type Bacteriophage T4 DNA

4.8 Induction and Repair of UV-Induced Pyrimidine Dimer Species in Human
Cell DNA: I. Determination of Suitable Precursors

4.9 A Comparative Study of Carcinogenesis in Rats by Different Types of
Ionizing Radiation

4.10 Hyperthermia-Induced DNA Damage in Human White Blood Cells

4.11 Repair Competence for Two Modes of Oxygen Enhanced Radiation Damage in
Saccharomyces cerevisiae

4.12 Assessment of Radiation Hazards to Human Populations

4.13 Potential Use of Monoclonal Antibodies Probes for the Detection of
Ionizing Radiation Damage to Cellular DNA

4.14 Low Dose-Low Dose Rate Genetic Effects of Ionizing Radiation in Yeast

4.15 Minor Bases in Yeast DNA

4.16 Genetic Effects of Bound Tritium in Nucleic Acid Precursors

4.17 Follow-up of Past CRNL Employees

4.18 Publications

4.19 Verbal Presentations

4.19.1 Lectures or Seminars

4.19.2 Local Talks

4.20 Invited Speakers
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Branch Head - D.K. Myers

Professionals

H.C. Birnboim

J.D. Childs

N.E. Gentner

N.J. Gragtmans

R.E.J. Mitchel

D.P. Morrison

D.K. Myers

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

P. Unrau

Assistants

J.J. Jevcak
A.G. Knight

R. Pilon

L.D. Johnson

K.M. Baird

T. Hamilton

M.M. Werner
A. Lemke (Clerk)

2
D.A. Adams
G.M. Norton
P.A. Knight
S.J. MacFarlane 2

R.S. McWilliams
B.P. Smith
E.A. Stewart (Secretary)
B.M. Zohr

M.C. Wolfgram

Branch Secretary

B.C. Gillies

Animal House

B.A. Ruhnke (Supervisor)
R.A. McCann 6

J.W, Murphy (Laboratory Attendant)
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Part-time staff working on the AECL Health Study.

o
Attached Staff under contract with the U.S. National Cancer Institute Contract

No. N01 81002 (REP No. NCI-CP-FS-81002-65).

Temporary employee as of 1982 March 15.

On maternity leave beginning 1982 February 22.

Transferred on 1982 February 26 to Chemical Operations.

Permanent employee as of 1982 February 22.
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4.2 AIMS OF THE BRANCH

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

4.3 NOTES ON UNITS AND GLOSSARY OF TERMS

Note on units used:

1 Gy = 100 rads

1 MBq = 0.027 mCi

Glossary of specialized terms:

Colony forming ability - a method of determining the number of viable
cells in a suspension by counting the number of cells which have
the ability to grow into a visible clump (colony) when spread on a
flat surface.

Phenotype - the detectable expression of the genetic information
(genotype) in a living organism. For example, some genetic
information is present in cells but not expressed and therefore
not directly detectable in that individual, but may be detected in
a parent, sibling or progeny.

Photoreactivation - process by which cells recover viability (after
initially being damaged by UV light) when subsequently exposed to
higher wave length UV light.

Tumor promoter - an agent (such as a chemical) which has the ability to
increase the yield of tumors ("promote") under conditions where a
low number of tumors (cancers) would otherwise develop; it alone
will not initiate the development of tumors.
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HUMAN WHITE BLOOD CELLS CAN DAMAGE THE DNA OF MOUSE CELLS WHEN
STIMULATED WITH A TUMOR PROMOTER, PHORBOL MYRISTATE ACETATE
- H.C. Birnboim, J.J. Jevcak and A.G. Knight

DNA strand break damage (DSBD) can be detected in human white
blood cells (WBC) by a method we have described earlier [Birnboim and
Jevcak, Cancer Res. 4J_, 1889 (1981)]. Earlier studies by us have shown
that phorbol myristate acetate (PMA), a potent tumor promoter, can
cause extensive DSBD in WBC by stimulating the WBC to release active
oxygen species such as 02 and ^ 0 2 * These diffuse from the cell
surface and can act back on the producing cell or possibly on
neighboring cells. For our model implicating phagocytic cells in
PMA-induced tumor promotion in animals, we postulated that phagocytes
produce active oxygen species which in turn cause DSBD in skin cells
and that this is necessary for the promotion of skin tumors. That is,
the products of one cell (the phagocyte) are damaging to the DNA of
another cell (the skin cell). To test this model further, we incubated
human phagocytic cells (i.e., WBC) with a line of mouse cells (mouse
erythroleukemic cells grown in tissue culture and labelled with

C-thymidine). We modified our assay to permit analysis of DSBD
in the C-labelled mouse cells. PMA alone produced no DSBD in
mouse cells, but when WBC were added along with PMA, DSI>D was readily
detectable; the level of DSBD was dependent upon the ratio of WBC to
mouse cells used. Thus this experiment indicates that phagocytic cells
indeed have the potential to damage the DNA of other cells and this
observation supports our model for PMA-induced tumor promotion.

STUDY OF DNA DAMAGE IN HUMAN WHITE BLOOD CELLS PRODUCED BY EXPOSURE TO
NON-PHORBOL TUMOR PROMOTERS

H.C. Birnboim, J.J. Jevcak and A.G. Knight

Phorbol myristate acetate (PMA) is one of a class of compounds
which are able to stimulate the development of skin tumors in animals
without initiating skin tumors. The mechanism by which these compounds
act as "tumor promoters" is unknown, but we have postulated that DNA
strand break damage (DSBD) in skin cells, mediated by active oxygen
species from phagocytes, is involved. Numerous compounds, chemically
unrelated to PMA, are also known to act as tumor promoters and some
have now been tested to see if they also cause DSBD (by a mechanism not
involving phagocytes). Benzoyl peroxide has recently been shown to
cause DSBD (PR-HS-10, Section 4.6). We have now shown that anthralin
and iodoacetate (and other sulfhydryl-blocking compounds) are also able
to produce DSBD in human white blood cells. The correlation between
the ability of a compound to produce DSBD and its ability to act as a
tumor promoter has thus been extended to several non-phorbol
chemicals.

4.6 PHOTOREACTIVATION OF BACTERIOPHAGE T4 DJ VITRO
- J.D. Childs and R. Pilon

We have previously shown that pyrimidine dimers containing
glueosylated 5-hydroxymethyl cytosine (G5HMC) cannot be
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photoreactivated jin_ vitro whereas pyrimidine dimers containing
non-glucosylated 5HMC can be photoreactivated. We have further ;.hown
that both G5HMC- and 5HMC-containing dimers are formed in appreciable
yield at 313 nm but not at 254 no. As 5HMC- and G5HMC-containing
dimers apppear to be important lethal lesions then it should be
possible to detect differences in the effect of photoreactivation în
vivo on survival; mutants with non-glucosylated DNA (agtBgt) should
have a larger photoreactivable sector than wild type, particularly at
313 nm.

Preliminary photoreactivation experiments have shown that ugtbgt
is indeed more photoreactivable than wild type. However, the
interpretation of the results is complicated by the unexpected finding
that cxgtBgt is UV sensitive. A backcross of ctgtggt to wild type was
carried out and agtggt was re-isolated. This isolate is intermediate
in its UV sensitivity between wild type and the original ogtfjgt strain.
This implies that the original agtfigt strain carries at least one
secondary mutation conferring UV sensitivity. We are attempting to
obtain further independently isolated agtggt mutants, as we expect that
agtBgt free of secondary mutations should be slightly UV resistant
rather than sensitive. Once the true UV sensitivity of agtggt has been
determined the photoreactivation experiments will be completed.

4.7 RARE OR MODIFIED BASES IN DNA: PRESENCE OF CYTOSINE AND
5-METHYLCYTOSINE IN WILD-TYPE BACTERIOPHAGE T4 DNA
- N.E. Gentner, J.D. Childs, L.D. Johnson, R. Pilon and P. Unrau

Wild-type bacteriophage T4 contains glucosylated
5-hydroxymethylcytosine (HMC) in place of cytosine (C). We have
noted, however, the appearance of both C and 5-methylcytosine (MC) on
ion-exclusion HPLC analysis of formic acid hydrolysates of T4 DNA; each
is present at ^ 2 % of the level of HMC. The identity of these
constituents has now confirmed by the chromatographic identification of
their deamination products as well as by other chromatographic
techniques.

C appears to be a normal constituent of wild-type T4 DNA and not
an artifact, since its relative proportion under different conditions
of hydrolysis did not change. To verify this independently, we
reasoned that if C was present in native T4 DNA, it should be possible
to recover it in dimers isolated from UV-irradiated T4 DNA. C residues
in dimers are, normally, deaminated to U residues: photoreversal of
material eluted from the expected HMUoT/UoT region of a paper
chromatogram of hydrolysed UV-irradiated T4 DNA yielded both free HMU
and free U, in approximately a 4:1 ratio. This showed that C is indeed
present in T4 DNA, that it can participate in dimer formation, and,
furthermore, that C is 10.7-fold more likely to form a dimer with T
than is HMC, on a per residue basis. This correlates well with an
independent estimate by Childs, from dimer induction data in C- versus
HMC-containing DNA, that HMC is 10 times less likely to form a dimer
than is C.

MC, by contrast, may be absent from freshly prepared T4 DNA, and
appears to increase in relative amount with storage. Thus it may be a
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radiolysis product of HMC due j;o (3-decay in this H-labelled LiNA.
Preliminary experiments with Co Y-irradiation mimic this
transformation and suggest that MC is formed by a radiolytic process.

The affirmation of C in TA DNA means that six, rather than three,
pyrimidine dimer species can potentially form. Of the three additional
species, two (UoT and UoHffl!) may be present in significant amounts,
and contribute to UV radiation effects in bacteriophage T4.

4.8 INDUCTION AND REPAIR OF UV-INDUCED PYRIMIDINE DIMER SPECIES IN HUMAN
CELL DNA: I. DETERMINATION OF SUITABLE PRECURSORS
- N.E. Gentner, L.D. Johnson, P. Unrau and T. Bech-Hansen

Determination of UV-photoproducts such as the three classical
pyrimidine dimer species is performed on formic acid hydrolysates of
isolated, specifically-labelled DNA. Accurate and reproducible
quantitation, especially at low (physiologically significant) fluences
where such DNA lesions may comprise only, e.g., 0.1% of the total label
is therefore critically dependent on a low level of formation of
hydrolysis products other than the labelled base(s), either free or in
photoproducts. Our studies at low fluences, using a conventional
labelling protocol such as %-dT (either ring-labelled or methyl
group-labelled) was frustrated by relatively high and somewhat variable
yield (seen in unirradiated controls also) of products other than T
that eluted from HPLC columns in positions that interfered
substantially with U<>U and partly with boT dimer determination. We
examined a series of generalized and DNA-specific pyrimidine precursors
for levels of such interfering materials after HCOOH hydrolysis.
Considerable variation was found, dependent on position of the
radionuclide, ultimate base(s) labelled, and degree of
post-incorporation modification required. We have identified two
labelling regimes which represent substantial improvements. These new
approaches are, moreover, also applicable to certain studies on
ionizing radiation- or carcinogen-induced DNA damage and its repair.

4.9 A COMPARATIVE STUDY OF CARCINOGENESIS IN RATS BY DIFFERENT TYPES OF
IONIZING RADIATION
- N.J. Gragtmans and D.K. Myers

This project has been continued since the last quarterly progress
report. Table 1 shows the incidence of animals with rats to date and
at 441 days. An estimate of RBE for HTO beta-rays compared to 200 kV
X-rays will be calculated based on (1) the number of tumors appearing
within a given period of time after irradiation as well as (2) the time
post-irradiation required for 50% of the animals to develop a tumor.
Some groups, now beyond the 50% incidence, will be sacrificed and
tumors collected for histology. A formal report of this project to
date is being prepared.
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Table 1

Animals with tumors to date % with Tumors
Age (days) % with tumors at 441 days

Controls 441 9.6 9.6
0.44 MBq HTO/g (0.5 Gy) 525 33.6 17.3
0.89 MBq HTO/g (1 Gy) 525 44.3 31.0
1.78 MBq HTO/g (1.9 Gy) 455 57.5 50.0
3.7 MBq HTO/g (4.4 Gy) 455 81.5 73.9
0.29 Gy chronic X-ray 525 30.8 19.2
0.57 Gy chronic X-ray 504 46.7 28.3
1.1 Gy chronic X-ray 4 55 32.5 30.8
2.0 Gy chronic X-ray 441 55.8 55.8
0.57 Gy acute X-ray 504 44.2 28.3
1.78 Gy acute X-ray 441 67.0 67.0
0.64 Gy acute gamma 455 22.7 19.3
0.93 Gy chronic gamma 441 11.8 11.8

4.10 HYPERTHERMIA-INDUCED DNA DAMAGE IN HUMAN WHITE BLOOD CELLS
- R.E.J. Mitchel, H.C. Birnboim, M. Plattner, J.J. Jevcak and

A.G. Knight

We have continued our investigation of hyperthermia, a modality
used in conjunction with radiation for the treatment of certain types
of cancer. Our experiments have involved heating of human white blood
cells (WBC) at temperatures up to 4 6°C and for times up to 2 h (see
PR-HS-10, section 4.10). We have now studied the effects of
hyperthermia on the repair of y-ray induced DNA strand break damage
(DSBD). We observe that normal cells are able to repair about 60% of
y-ray induced DSBD during a 30 min period of incubation at 37°C. Prior
hyperthermia treatment of increasing severity progressively decreases
the cell's ability to repair y~ray induced DSBD such that after 30-45
min at 4 5°C no repair can be observed. These experiments may help to
explain the synergistic effects of hyperthermia and radiation in cancer
treatment.

4.11 REPAIR COMPETENCE FOR TWO MODES OF OXYGEN ENHANCED RADIATION DAMAGE IN
SACCHAROMYCES CEREVISIAE
- R.E.J. Mitchel, D.P. Morrison, K.M. Baird and T.L. Hamilton

Our earlier work, using variable oxygen concentrations and a
hydroxyl radical scavenger, identified two separate reactions of O2
with hydroxyl radical damage, both of which contributed to increased
lethality in Y-irradiated, wild type diploid Ĵ . cerevisiae. One
reaction occurred at low O2 concentrations and corresponded to a
type of 02""modifled OH- damage in DNA which resulted in repair by
recombination. The other reaction, at higher O2 concentrations did
not increase recombination. We have now studied the reactions of O2
with OH" damage in Y-irradiated, repair deficient mutants of this
yeast. In a strain homozygous for the rad52-l mutation (rec~ and
Y-sensitive), hydroxyl radical scavenging (with ethanol) gave no
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protection against the reaction of oxygen which occurs at low oxygen
concentrations but did protect against the reaction which occurs at
higher concentrations. Another strain, homozygous for the rad6-1
mutation, is also Y-sensitive but is proficient for recombinational
repair. Hydroxyl radical scavenging protected this strain against both
types of 02~enhanced damage when logarithmic growth phase cells were
examined, but against only the O2 enhanced damage occurring at low
O2 concentrations in stationary growth phase cells. It appears
therefore that repair systems in yeast can distinguish, and are
selective for, at least two types of oxygen mediated radiation damage,
and furthermore that the cellular repair competence for these lesions
can be growth cycle dependent.

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

The major effort in this area during the past quarter has been
devoted (a) to review of documents to be included in the proposed 1982
UNSCEAR report and (b) to the review and preparation of material for
the Subcommittee on Risk Estimates. The latter task has been greatly
facilitated by data that were generously provided by Dr. J.R. Johnson,
Biomedical Research Branch.

4.13 POTENTIAL USE OF MONOCLONAL ANTIBODIES PROBES FOR THE DETECTION OF
IONIZING RADIATION DAMAGE TO CELLULAR DNA
- P.J. Smitht, J.M. Boyle*, D.A. Adams and M.C. Paterson

The immunological detection of radiation damage in DNA (eg. single
strand breaks or base damage) provides an alternative to the
chromatographic and enzymatic methods used to detect such damage. In
recent years a new method for producing antibodies has been developed
using myeloma-spleen lymphocyte hybrid cell lines which produce highly
specific (monoclonal) antibodies.

The Manchester group have isolated a hybrid cell line which
secretes antibodies with affinity towards single-stranded (SS) DNA
(i.e. aSSDNA-2). Antibody dilution assays indicate that binding of
aSSDNA-2 to SSDNA is >90% whereas under similar conditions
cross-reactivity to double-stranded (native) DNA is <50%.
Y-irradiation of native DNA in solution (doses up to 32 Gy) increases
the binding of aSSDNA-2, although the linearity of the response is yet
to be confirmed.

We conclude that aSSDNA-2 may be a useful probe for the detection
of components of radiation damage in human cellular DNA as a
consequence of radiation exposure and the generation of regions of
single-stranded DNA at break points, including those produced
enzymatically during excision repair of radiation-induced base
defects.

*Paterson Laboratories, Manchester U.K.
+Work performed at Paterson Laboratories, Manchester, U.K.
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4.14 LOW DOSE-LOW DOSE RATE GENETIC EFFECTS OF IONIZING RADIATION IN YEAST
- P. Unrau, M.C. Wolfgram and A, Arneja*

Cell growth parameters have been found to influence the yield of
genetic end points and hence RBE's in yeast, by comparing freshly grown
late exponential phase cells with similar populations held for extended
times in buffer at 4°C. Under these holding conditions cells enter
stationary phase and a comparison of genetic yields thus determines
genetic capabilities of late exponential and stationary phase cells.

Buffer-held and freshly grown cells were compared for induction of
gene conversion by 14 MeV neutrons, 150 kVp X-rays, and Co-y
rays at similar dose rates. It was observed that both of the sparsely
ionizing radiation sources induced fewer convertants per rad, per cell
plated, when cells had been held in buffer for extended times than when
fresh cultures were used. This difference was sufficient to account
for a substantial discrepancy between earlier experiments with X- and
y-rays and present data. Repeat comparisons between the radiation
sources suggest that yields in buffer-held cells remained relatively
higher per rad of neutrons. Comparing freshly grown cultures, it was
found that neutrons still gave a higher yield, or RBE, than X- or
Y-rays per rad. The data are being analysed prior to publication.

Preliminary experiments on back-mutation at the ilvl-92 gene
suggest that similar RBE studies of back-mutation are feasible, though
further experiments are required to determine RBE's for this genetic
end point.

*Health Physics Branch

4.15 MINOR BASES IN YEAST DNA
- P. Unrau and N.E. Gentner

The possibility of tight association of protein and DNA during our
extraction procedure for minor bases was tested directly using

S-labelled methionine. It was observed that S counts
were made soluble during nuclease digestion of the residual DNA. From
separatory procedures used it could not be ruled out that these counts
represent at least in part the nucleic acid binding protein which has
been described earlier. The intimate association of protein and
nucleic acid during acid hydrolysis may explain some chromato-
graphlcally detectable minor products that have been observed in our
preparations.

4.16 GENETIC EFFECTS OF BOUND TRITIUM IN NUCLEIC ACID PRECURSORS
- P. Unrau and M.C. Wolfgram, D.P. Morrison and T.L. Hamilton

A preliminary experiment suggests that genetic effects
attributable to % decay in RNA and DNA can be readily detected using
the yeast gene conversion and mutation assays. Effects of labelling at
different ring hydrogens in uracil and adenine nucleic acid precursors
are being studied.
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4.17 FOLLOW-UP OF PAST CRNL EMPLOYEES
- M.M. Werner, D.K. Myers and D.P. Morrison

The Employee Identification Summary (E.I.S.) forms for all past
employees with the exception of summer students and attached staff have
been sent to Whiteshell for entry on machine readable records. The
information for military personnel who participated in the 19 53 and
19 58 clean-ups is only partially complete and will be forwarded to
Whiteshell for inclusion when it becomes available.

A report has been prepared on the 307 deaths which occurred among
males employed at or retired from CRNL between 1966 and 1980. The
standard mortality ratios were 0.85, 0.94, 0.63 A 0.70 for cancer,
cardiovascular disease, accidents and all other es for this grouj.
of individuals.

Work is currently in progress on the follow-up of CRNL employees
involved in the 1953 and 1958 clean-ups. The data for the 1953 clean-
up is nearly complete and a report is being prepared.

4.18 PUBLICATIONS

J.R. McLean, R.S. McWilliams, J.G. Kaplan and H.C. Birnboim: Rapid
detection of DNA strand breaks in human peripheral blood cells and
animal organs following treatment with physical and chemical
agents. Progress in Mutation Research _3: 137-141 (1982).

H.C. Birnboim: DNA strand breakage in human leukocytes exposed to a

tumor promoter, phorbol myristate acetate. Science 215: 1247-1249
(1982).

J.D. Childs: Dominant and X-linked recessive mutation rates in man.
Progress in Mutation Research J3: 163-167 (1982).

D.K. Myers, C G . Stewart and J.R. Johnson: Review of epidemiological
studies on hazards of radon daughters. International Conference
on Radiation Hazards in Mining, p.513-524 (1981).

M.C. Paterson, P.J. Smith, N.T. Bech-Hansen, B.P. Smith and
M.V. Middlestadt: Anomalous repair of radiogenic DNA damage in
skin fibroblasts from ataxia-telangiectasia patients. In:
"Ataxia-telangiectaL a: A Cellular and Molecular Link between
Cancer, Neuropatholc yy and Immune Deficiency" (B.A. Bridges and
D.G. Harnden, eds.), pp. 271-289. John Wiley & Sons Ltd., Sussex,
England, 1982.

M.C. Paterson: Accumulation of non-photoreactivable sites in DNA
during incubation of UV-damaged xeroderma pigmentosum group A and
group D cello. In: "DNA-Repair, Chromosome Alterations and
Chromatin Structure" (Progress in Mutation Research, Vol. 4) (A.T.
Nataraian, G. Obe, and H. Altmann, eds.), pp. 183-192.
Else/ier/North Holland Biomedical Press, Amsterdam, 1982.
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4.19 VERBAL PRESENTATIONS

4.19.1 Lectures or Seminars

H.C. Birnboim: Importance of DNA damage in tumor promotion. Invited
speaker at the Ludwig Institute for Cancer Research, Toronto,
Ontario, 1982 January 08.

P.J. Smith: Defective DNA repair and genetic predisposition to cancer.
Presented at The Rockefeller University, New York, 1982 January
08.

P.J. Smith: Genetic control of DNA repair mechanisms- Presented at
the Medical Research Council Clinical Oncology and
Radiotherapeutics Research Unit, Cambridge, U.K., 1982 January
28.

P.J. Smith: Dimer excision in xeroderma pigmentosum; to excise or not
to excise.... Presented at Paterson Laboratories, Manchester,
U.K., 1982 February 15.

4.19.2 Local Talks

P. Unrau: Review of C.B.S. Symposium on "Gene structure and gene

expression". Presented to Radiation Biology Branch, CRNL, 1982
March 09.

M.C. Paterson: Safe handling and Disposal of Cancer-Causing Chemicals.
Presented at the Monthly Safety Meeting of Air Conditioning and
Construction Tradesmen, Mechanical Services Branch, CRNL, 1982
January 14.

M.C. Paterson: Hazardous Cancer-Causing Chemicals. Presented at the
Monthly Safety Meeting of Plumbers and Steam-Fitters, Mechanical
Services Branch, CRNL, 1982 January 15.

M.C. Paterson: Causes of Human Cancer. Presented at the Monthly

Safety Meeting of Electricians and Related Tradesmen, Electrical

Instrument and Power Branch, CRNL, 1982 January 22.

M.C. Paterson: Nature, Nuture and Neoplasic. Presented to senior
students of Widdifield Secondary School, CRNL, 1982 February 02.

M.C. Paterson: NCI Contract Studies: A Status Report. Presented to

Radiation Biology Branch, CRHL, 1982 March 08.

4.20 INVITED SPEAKERS

C. Silinskas, Michigan State University, U.S.A.: Transformation of
Human Fibroblasts by Chemical Carcinogens, 1982 January 28.

Dr. G.G. Poirier, Biology Department, University of Sherbrooke,
Sherbrooke, Quebec: Poly ADPR Polymerase Causes Relaxation of the
Chromatin Structure, 1982 February 17.
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by
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5.7 PAPERS, REPORTS, PRESENTATIONS

5.7.1 Reports

5.7.2 Lectures
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5.1 STAFF

Branch Head

Secretary

Professional

Technical

Clerical

J.R. Johnson

L.A. Kaden

G.H. Kramer
B.F. Peterman

J.D. Brunette (1)
P.C. Beaulieu (Temp.)
D.W. Dunford
S.E. Gardner
A. Hesketh

M. Gresham (Part-time)

5.2 BIOASSAY LABORATORY

5.2.1 Notes to Tables 5.2.1.1 - 5.2.1.4

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

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

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

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

used mainly to determine whether or not the radioiodine
content of the thyroid should be measured directly;
occasionally they are used as a criterion for removal from
work with radioactive materials, when a direct thyroid
measurement is not feasible.

5) Gamma-ray spectroscopy of raw bioassay samples for gamma-
emitting fission and activation products.

(1) Joined Branch 1982 March 01
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6) Ct-emitcing actinide analyses include plutonium, thorium,
americium, curium, as well as actinium.

7) Miscellaneous analyses included C, Ni and Pb.

8) Total number of cases in a particular period showing a
clearly measurable, abnormal amount of radioactivity in the
urine. For radioiodines, this includes cases where thyroid
monitoring was requested because of high urinary excretion
or where more than 2 nCi (74 Bq) was present in thyroid.

5.2.2 Tritium Measurements

Extensive tests have been carried out with the standard
method of tritiun estimation used by the Bioassay Laboratory
i.e. 0.5 mL sample + 10 mL scintillation cocktail.

Based on the criteria outlined in AECL-7611 ("A Methodology
for the Optimization of the Estimation of Tritium in Urine by
Liquid Scintillation Counting", S. Joseph and G.H. Kramer, In
Preparation) it has been found that the method can be changed
to 0.5 mL sample + 4 mL scintillation cocktail. This change
does not affect the overall procedure; however, this change
will result in a 60% saving of present costs of scintillation
cocktail.

5.2.3 Creatinine Analysis

The present method for creatinine analysis used by the
Bi.u.issay Laboratory was examined in detail. The method is
as follows. A standard is prepared using 300 \sL of 1 mg/mL
creatinine hydrochloride solution; (Samples are prepared using
300 uL of the urine sample.) Five mL of saturated picric acid
is added to the aliquots in a 100 mL volumetric flask. At
15 second intervals, 1 mL of 1 mol/L NaOH is added and the
flasks allowed to stand for 10 minutes. The volume is made up
to 100 mL with distilled water and the solutions thoroughly
mJ.xed by shaking. The absorbance of each solution is recorded
at 515 nm and the concentration of creatinine is obtained by
comparison to the standard.

The rate of decomposition of the creatinine-picric acid
complex was studied by conventional methods. The observed
rate constant, K , , was found to be:

' obs

K K[creatinine]

K = -i
obs 1 + K[creatinine]

where Kj = 7.69 + 0.18 x lO"5 s"1

K = 1.68 ± 0.18 x 10G L'mol"1



Table 5 . 2 . 1 . 1

Bloassay Analyses

PERSONNEL OF CHALK RIVER NUCLEAR LABORATORIES

1981-1982

3-emltters (2)

Tritium (3)

Iodine (4)

Y-emicters (5)

Natural and Fnriched
Uranium

ot-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases

(?)

DECEMBER

TOTAL

240
196

476
239

30
17

244
200

14
11

14
13

2
2

1020
10

Positive

Number

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

(1)

%

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

JANUARY

TOTAL

201
157

475
255

24
14

220
159

8
6

6
6

0
0

934
9

Positive

Number

0
0

0
0

0
0

0
0

0
0

0
0

-

0
0

(1)

%

0
0

0
0

0
0

0
0

0
0

0
0

-

0

• FEBRUARY

TOTAL

268
216

499
271

17
12

289
222

60
| 35

16
14

0
0

1149
15

Positive

Number

0
0

0
0

0
0

0
0

0
0

0
0

-

0
0

(1)

X

0
0

0
0

0
0

0
0

0
0

0
0

—

0

TOTALS

TOTAL

709
569

1450
765

71
43

753
581

82
52

36
33

2
2

3103
34

Positive

Number

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

(1)

%

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

00



Table 5.2.1.2

Bioassay Analyses

PERSONNEL OF COMMERCIAL PRODUCTS

1981-1982

e-emitters (2)

Tritium (3)

Iodine (4)

Y-emitters (5)

Natural and Enriched
Uranium

ot-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

DECEMBER

TOTAL

9
9

0
0

15
12

23
12

0
0

0
0

q

3

' 56
0

'ositive

Number

0
0

-

0
0

0
0

-

-

0
0

0
0

(1)

%

0
0

-

0
0

0
0

-

-

0
0

0

JANUARY

TOTAL

42
40

0
0

11
9

55
51

2
1

0
0

2
2

112
0

Positive

dumber

0
0

-

0
0

0
0

0
0

-

0
0

0
0

(1)

X

0
0

-

0
0

0
0

0
0

-

0
0

0

TOTAL

29
28

0
0

3
3

28
25

0
0

0
0

4
3

64
2

FEBRUARY

Positive

Number

0
0

-

0
0

0
0

-

-

0
0

0
0

(1)

%

0
0

-

0
0

0
0

-

-

0
0

0

TOTALS

TOTAL

80
77

0
0

29
24

106
88

2
1

0
0

15
13

232
2

Positive

Number

0
0

-

0
0

0
0

0
0

-

0
0

0
0

(1)

X

0
0

-

0
0

0
0

0
0

-

0
0

0

CO



Table 5.2.1.3

Bloassay Analyses

PERSONNEL OF OTHER ORGANIZATIONS

1981-1982

B-emitters (2)

Tritium (3)

Iodine (4)

^-emitters (5)

Natural and Enriched
Uranium

a-emitting actinides
(6)

Mi s ce1laneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

DECEMBER

OTAL

0
0

4
4

0
0

0
0

0
0

0
0

0
0

4
0

Positive

Number

-

0
0

I
I 
I

I

I
I 

I
I

-

0
0

(1)

-

0
0

I
I 

I
I

I
I I

I

-

0

JANUARY

TOTAL
Positive (1)

Number

NO

SAMPLES

RECEIVED

IN

JANUARY

%

FEBRUARY

TOTAL

3
2

0
0

4
2

4
2

0
0

0
0

0
0

11
0

'ositive

Number

0
0

-

0
0

0
0

I
I 

I
I

-

0
0

(1)

%

0
0

-

0
0

0
0

I
I 

I
I

-

0

TOTALS

TOTAL

3
2

4
4

4
2

4
2

0
0

0
0

0
0

15
0

Positive

Number

0
0

0
0

0
0

0
0

I
I I

I

-

0
0

(1)

%

0
0

0
0

0
0

0
0

I
I 

I
I

-

0



Table 5.2.1.4

ENVIRONMENTAL AND PROCESS SAMPLE ANALYSES

1981-1982

AECL

Tritium
a-emitting actinides
B-emitters
y-eraitters
Uranium

OTHER ORGANIZATIONS

Tritium
oremitting actinides
(Remitters
y-emitters
Uranium

TOTALS

DECEMBER

370
0
0
0
0

0
0
0
0
19

389

JANUARY

371
0
0
0
0

0
0
0
0
0

371

FEBRUARY

368
0
0
0
0

0
0
0
0
0

368

TOTALS

1109
0
0
0
0

0
0
0
0
19

1128



Table 5.2.1.5

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1982 JANUARY 01 - MARCH 31

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

TOTALS

% of Persons

0-49
mrem

46
41
38
10
46
38
3
0
11
7
1

241

70.7

50-99
mrem

11
33
0
5
10
0
0
0
0
0
0

59

17.3

100-199
mrem

2
15
0
3
1
0
0
0
0
0
0

21

6.2

NUMBER

200-299
mrem

0
2
0
4
1
0
0
0
0
0
0

7

2.1

OF TESTED

300-399
mrem

1
0
0
9
0
0
0
0
0
0
0

10

2.9

PERSONS IN

400-499
mrem

0
0
0
1
0
0
0
0
0
0
0

1

0.3

GIVEN DOSE RANGES

500-999
mrem

0
0
0
2
0
0
0
0
0
0
0

2

0.6

1-3
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

3-5
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Above
5 rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Tested
Persons

60
91
38
34
58
38
3
0
11
7
1

341

Total
mrem

1936
5834
357

6966
1867
649
27
0
33
76
15

17762

100

NOTES TO TABLE ABOVE

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

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

(3) The numbers in the last column are those that actually result from the method of dose calculations, and are not
intended to represent- a number of significant figures.
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Providing that the creatinine concentration does not drop
below 10~5 mol'L"1 no significant change is observed in K , ;
however, at lower concentrations significant changes in K°,
are seen (e.g. at 10~5 mol-L, K o b s = 7.2 x 1CT

5 s"1; 10~6

mol'L"1, Kot,s = 4.8 x 10
 5 s"1.) Typically, experimental

creatinine concentrations are 4.03 ± 1.52 x 10~5 mol'L with a
few as low as 9 x 10~6 mol-L"1. The error using this method
will not be greater than 6%.

5.3 IN VIVO MONITORING

5.3.1 In Vivo Monitoring Table - Table 5.3.1

5.3.2 Monitoring of Thoron (220Rn) in Breath - B.F. Peterman

Work on a thorium fuel cycle will result in the possibility
of internal contamination by 2 2 BTh from two sources. One is
the 2 2 8Th in the natural thorium and the other results from the
decay of 2 3 2U to 2 2 8Th; 2 3 2U being an unwanted byproduct that
will be in the fissionable product, 2 3 3U. 2^eTh is easy to
measure in vivo at levels that would result in an annual limit
on dose being exceeded. However, it is difficult to measure 2 2 STh
(or 2 3 3 U , 2 3 2U and 2 3 2Th) at levels that would indicate that a
small but significant buildup of activity in vivo was not occurring.
2 2 8Th decays through 221lRa to 2 2 0Rn (Thoron) , some of which will
emanate from the 8Th containing particles and be exhaled. Thus,
thoron in breath can be used as a very sensitive indicator that

Th contamination has occurred, although the relationship between
the concentration of thoron in breath and the amount of Z2 Th in
vivo is uncertain. We are now investigating the possibility of
constructing a thoron in breath monitor to increase our sensitivity
for detecting 2 2 8Th in vivo and to perhaps obtain a better
understanding of the relationship between thoron concentrations
in breath and 2 2 BTh deposited in the lung.

5.4 RADIOCHEMICAL SEPARATIONS - G.H. Kramer

5.4.1 Radium-226

This method is now complete. The overall chemical recovery
of radium was found to be 80 ± 5%. Cross-contamination studies
were performed with Am-241, Pu-239, Np-237, Th-nat and U-233.
It was found that with the exception of Am-241, tue cross-
contaminations were less than 3%. The cross-contamination of
Am-241 was found to be 22 ± 4%; however, this result is not
detrimental to using this method as a radium screening procedure
because workers who handle radium do not usually handle americium
simultaneously. Furthermore, if any significant amount of activity



Table 5.3.1

IN VIVO MONITORING

1981 DECEMBER - 1982 FEBRUARY

NRU
NRX
R.& I.S.
Reactor Loops
Chemical Operations
W.E.& P.
Mechanical Services
Advance Engineering
Reactor Physics
Fuels and Materials
E.I.& C.
Chemistry and Materials
Health Sciences
Physics
Administration
Transportation

Whole Body Monitoring

Number*

12
27
1
1
3
3
10
2
3
10
1
10
3
5
26
1

No. Positive

1

Lung Monitoring

Number*

1
7

4

2)
No. Positive

1

Other Monitoring

Number* No. Positive

Clothing Monitoring

Number*

6
22

i

No. Positive

1
10

1

NOTES:

*

1)
2)
3)

Number - Number of people monitored in period
Greater than 10 nCit of isotopes emitting gamma rays above 100 keV.
Any measurable amount of alpha-emitting isotopes.
Any results that indicate a minor or greater contamination (i.e. > 10 nCit of 1 2 5 I , etc).

+ 1 Ci = 37 GBq
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were discovered in an analysis the sample would be subject to
alpha spectrometry and the alpha energies used to make a positive
identification.

One difficulty with the method has been identified. 222Rn
which results from the decay of Ra, is not completely retained
in the prepared sample, and therefore counting efficiency as a
function of time after the sample has been prepared is uncertain.
The reason is thought to be the presence of coprecipitated citrate
anions converting the BaSOi, matrix from its usual form to a
sponge-like form that allows radon to escape. This difficulty can
be removed by using alpha spectroioe try.

5.4.2 Uranium

A preliminary investigation of the method currently in use
by the Bioassay Laboratory to measure uranium by separation and
alpha counting/spectrometry has identified a number of areas for
improvement. The method currently being used is as follows. The
urine sample is wet ashed and the dry residue dissolved in 1 mol/L
A1(NO3>3 - 5 mol/L HNO3. The uranium is extracted with 15% v/v
TBP in 'sol-trol1. The organic fraction is cleaned with 3 washes
of 5 mol/L HNO3 and then back-extracted with 3 washes of distilled
water. The aqueous fraction is evaporated to a small volume and
then evaporated to dryness on a stainless steel disc. The disc
is flamed and then counted for alpha activity.

The chemical recovery of uranium was found to be approximately
60%. The majority of the uranium appears to be lost in the first
extraction and subsequent nitric acid washes. Each nitric acid
wash removes 8% of the uranium and the first extraction appears to
recover only 90% of the uranium. Work will be continued on
improving this procedure when manpower is available.

5.5 METABOLIC STUDIES

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

The automatic titration system has been installed in the
configuration shown below.

PISTON
BURET

pH
METER

HP-85
MINICOMPUTER

\
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When purchased, the system was only capable of adding fixed amounts
of titrant after a fixed time interval until a preset volume or
potential was reached. Values of volume and pH/mV were recorded.
The software has now been extensively modified and the equipment
is now capable of the following:

1. The preset wait interval between titrant additions can be
varied. In this configuration the system waits until the
potential of the cell is stable within a preset tolerance
(e.g. 0.5 mV). If after a preset number of examinations
the cell potential does not reach stability the system
prints a message and continues to the next point.

2. The volume increment of titrant can be made variable between
a preset upper limit (e.g. 0.5 mL) and 0.01 mL. The latter
figure can be reduced to 0.001 mL with a 10 mL Buret or
0.0001 mL with a 1 mL Buret.

3. An initial arbitrary volume can be added before tritration
begins.

4. The maximum change in cell potential can be preset. Based
on previous measurements the minicomputer will calculate the
volume (within limits specified above) to achieve the preset
change in cell potential.

5. The first and second derivations, AE/AV and A2E/AV2, can be
calculated to aid in identifying the equivalence point.

6. The electrodes can be calibrated over the preset ranges,
pH 2-3 and pH 10-11. Test runs show the general purpose
glass electrode used for system development is behaving
close to a theoretical glass electrode and routinely pK.a
is calculated to be approximately 13.8. The theoretical
value is 13.996 at 25°C.

The system is capable of calibrating the electrodes using three
functions:

1. E = E + mlog[H+]

2. E = E + ralog[H+] + E.

3. E = EQ 4- mlog[H
+] + E.R+ +

where E = observed potential
E = standard cell pote
m = 59.16 (theoretical
C. = Junction potential
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Functions 1 and 2 are solved by linear least squares and
function 3 is solved by non-linear least squares. Experimental
conditions for future work have not yet been finalized and so
none of the functions have taken the primary role in electrode
calibration.

5.5.2 Equilibrium Constant Calculations - G.H. Kramer

To aid in the evaluation of equilibrium constants of metal
ion-amino acid complexes, 15 computer programs have been acquired
from the University of Houston. Many of the programs have been widely
used by other researchers for a variety of applications including
metal ion-amino acid studies. Some of the more widely publicized
programs include:

1. SQUAD - a program that will evaluate data from spectrophoto-
metric experiments.

2. SCOGS - which accepts pH data and can deal with 2 metals,
2 ligands and a maximum of 20 species in solution.

3. MINIQUAD - which has been replaced with MINIQ82 and MIQUV82.
These programs can accept a maximum of A independent
reactants, 2 potentiometric electrodes and 20 species.

These programs have been converted to FORTRAN-5 and are now
working satisfactorily.

5.5.3 Carbon - J.R. Johnson

The new study on carbon (as 1'tC) retention following
injection (i.p.) as a carbonate in the skeleton of rats is
continuing. Results to date confirm the retention to 90 days
post-injection obtained with the preliminary study (see
Section 5.5.1, FR-HS-10.)

5.6 METABOLIC MODELS AND INTERNAL DOSIMETRY

5.6.1 AECL-6540 - J.R. Johnson

The calculations for the revision of this report have been
completed, and the results have been distributed for comment.
Table 5.6.1.1 gives examples from the two summary tables in the
report. The final report will be available by mid 1982. A paper
describing the use of these DCF's in the waste management program
has been prepared and is being submitted to Radiation Protection
Dosimetry.



Table 5.6.1.1

Dose conversion factors in Sv per bq intake including all contributions from radioactive progeny produced in vivo.
Other columns give: Class D,W,Y = ICRP clearance classes; I = ingestion; Fl = GI tract to blood transfer; H50 =
Committed effective dose equivalent in Sv per bq intake; D50 = Highest committed dose equivalent to any organ in
Sv per bq intake; ORGAN = Organ receiving the highest committed dose equivalent; S/NS = Indicates whether the
stochastic (S) or non-stochastic (NS) dose limit is limiting.

ISOTOPE

32-GERMANIUM-6B

33-ARSENIC-76

34-SELENIUM-75

34-SELENIUM-79

38-STRONTIUM-85

3B-STRONTIUK-89

3S-?TRONTIUM-90

39-YTTRIUM-9O

39-YTTRIUH-91

40-ZIRCONIUH-93

40-ZIRCONIUH-95

ADULTS

CLASS F l H50 D50 ORGA

D l .E+00 4.1E-10 2.7E-09 LUNG
W l .E+00 1.7E-08 1.3E-07 LUNG
I l.E+OO 1.9E-10 3.7E-1O GUT

W 5.E-O1 9.BE-10 6.0E-09 LUNG
I 5.E-01 1.4E-09 1.2E-08 L.L. INT.

D 8.E-01 1.2E-09 2.9E-09 LIVER
W B.E-01 1.9E-09 5.6E-09 LUNG
I 8.E-01 2.1E-O9 4.9E-O9 LIVER

D B.E-01 9.2E-10 3.8E-09 '-1VER
W B.E-01 2.1E-09 H E - O S LUNG
I 8.E-01 1.6E-09 6.5E-09 LIVER

S/NS

S
S
S

S
S

S
S
S

S
S
S

S
S
S
S

S
S
S
NS

NS
S
NS

D 3.E-01 3.8E-10 9.33-10 BONE SUR
Y l .E-02 1.6B-09 8.SE-O9 LUNG
I 3.E-01 4.4E-10 1.3E-09 L.L. INT.
I l .E-02 3.0E-10 1.8E-09 L.L. INT.

D 3.E-01 1.4E-09 8.0E-09 BONE SUR
Y l .E-02 1.3E-O9 1.0E-07 LUNG
I 3.E-01 2.5E-09 2.1E-08 L.L. INT.
I l .E-02 2.5E-09 7.9E-08 L.L. INT.

D 3.2-01 4.9E-08 5.4E-07 BONE SUR
Y l .E-02 «.2E-07 3.4E-06 LUNG
I 3.E-01 3.4E-O8 3.7E-07 BONE SUR
I l .E-02 3.1E-09 2.GE-08 L.L. INT.

H l .E-04 2.0B-09 1.1E-OB LUNG S
Y l .E-04 2.1E-09 1.1E-08 LUNG S
I 1.E-D4 2.9E-09 3.2E-08 L.L. INT. NS

W l .E-04 9.4E-09 6.3E-08 LUNG S
Y l .E-04 1.5E-08 1.2E-07 LUNG S
I l .E-04 2.6E-09 3.0E-08 L.L. INT. NS

D 2.E-03 7.7E-08 1.9E-06 BONE SUR NS
W 2.E-03 2.0E-08 S.OE-07 BONE SUH NS
Y 2.E-03 2.3E-08 2.6E-07 BONE SUR NS
I 2.E-03 4.5E-10 9.0E-09 BONE SUR NS

D 2.E-03 5.8E-09 9.4E-0B BONE SUR NS
W . 2.E-03 4.6E-09 2.2E-08 LUNG S
1 2.E-03 7.5E-09 4.9E-08 LUNG s
I 2.E-03 8.9E-10 7.8E-09 L.L. INT. S

ISOTOPE

32-GERHANIUM-68

33-ARSENIC-76

34-SELENIUM-75

34-SELENIUH-79

38-STRONTIUM-85

38-STRONTIUM-89

3B-STRONTIUM-90

39-YTTHIUM-90

39-YTTRIUH-91

40-ZIRCON1UM-93

40-ZIRCONIUM-95

CLASS

D
w
I

w
I

0
w
I

D
W
I

D
Y
I
I

D
Y
I
I

D
Y
I
I

W
Y
I

W
Y
I

D
M
Y
I

D
W
Y
I

INFANTS
F l

l.E+00
l.E+00
l.E+00

5.E-01
5.E-01

8.E-01
8.E-01
B.E-01

6.E-01
8.E-01
8.E-O1

3.E-01
l.E-02
3.E-01
l.E-02

3.E-01
l .E-02
3.E-01
l .E-02

3.E-01
l .E-02
3.E-01
l .E-02

l .E-04
l.E-04
l.E-04

l.E-04
l.E-04
l.E-04

2.E-03
2.E-03
2.E-03
2.E-03

2.E-03
2.E-03
2.E-03
2.E-03

H 5 0

3.0E-09
4.9B-08
1.9E-09

5.4E-09
4.0E-09

3.8E-09
4.BE-O9
6.3E-09

5.1E-09
B.4E-09
8.5E-09

3.1E-09
3.9E-09
2.3E-09
3.4E-10

2.6E-08
6.1E-08
1.9E-08
3.9E-09

3.6E-07
1.9E-O6
2.4E-07
9.6E-09

8.9E-09
1.0E-08
5.1E-09

3.5E-OB
G.8E-O8
3.6E-09

2.KE-07
6.9E-08
1.0E-07
1.3E-09

3.8E-08
1.6E-0B
2.5E-OB
1.2E-09

D50

1.7E-OB
3.9E-07
2.1E-09

3.7E-08
2.3E-08

7.4E-O9
1.2E-0B
1.3E-0B

1.1E-OB
3.4E-O8
1.9E-08

9.9E-09
2.4E-08
6.8E-09
1.3E-09

1.8E-07
4.9E-07
1.2E-07
3.1E-08

2.7E-06
1.5E-05
1.9E-06
6.2E-08

6.0E-08
7.3E-08
4.6E-0B

2.1E-07
5.5E-07
3.3E-08

6.5E-06
1.7E-06
9.8E-07
3.IE-OS

7.5E-07
1.5E-07
1.8E-07
7.4E-09

ORGAN

LUNG
LUNG
GUT

LUNG
L . L . I N T .

LIVER
LUNG
LIVER

LIVER
LUNG
LIVER

BONE SUR
LUNG
BONE SUR
L . L . I N T .

BONE SUR
LUNG
BONE SUR
L . L . I N T .

BONE SUR
LUNG
BONE SUR
BONE SUP

LUNG
LUNG
L . L . I N T .

LUNG
LUNG
L . L . I N T .

BONE SUR
BONE SUR
BONE SUR
BONE SUR

BONE SUR
BONE SUR
LUNG
L . L . I N T .

S/N!

S
S
S

S

s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
s
NS
NS

s
NS

NS
s
s
s
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5.6.2 Modelling of HT Gas Metabolism - B.F. Peterman

A paper describing the metabolism of HT in humans has been
completed and a presentation on the subject has been prepared
for the Canadian Radiation Protection Association Annual
General Meeting in Vancouver. One result of this study is that
if the in vivo conversion of HT to HTO is included in a Derived
Air Concentration (DAC) calculation, the DAC is reduced by about
a factor of 2 from that given in ICRP Publication 30.

5.6.3 Technetium - J.R. Johnson

The analyses of data on technetium retention in rats is
completed and will be reported on at the Canadian Radiation
Protection Association Annual General Meeting in Vancouver.
Based on this experiment, and information in the literature,
the retention given in Table 5.6.3.1 is proposed as an interim
model. (Human experiments are contemplated.) Committed doses
calculated as described in H.P. 41, 341, 1981 and AECL-6540
based on this retention model are given in Table 5.6.3.2 for
" M T C and 9 9Tc. Included are values from ICRP Publication 30
for comparison.

5.7 PAPERS, REPORTS, PRESENTATIONS

5.7.1 Reports

Kramer, G.H. and Joseph, S. - "The Optimization of the
Analysis of Chiorine-36 in Urine", Atomic Energy of Canada
Limited, Report AECL-7512, 1982 February.

5.7.2 Lectures

Peterman, B.F. - "Bioassay Programme at CRNL". Presented
at the Refresher Course in Radiation Protection for Reactor
3hift Engineers, CRNL, 1982 March 31.
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Table 5.6.3.1

INTERIM RETENTION MODEL FOR TECHNETIUM

Biological retention in the indicated organs is assumed

to have the form

R(t) = ai exp ("

ORGAN

Kidney

Thyroid

Stomach Wall

Other Soft
Tissue

al

0.05

0.04

0.075

0.64

T

1

0

1

1

1

.6

.5

.6

.6

0.

0.

0.

0.

a2

02

00035

02

17

T2

3.7

130

3.7

3.7

a3

0.005

0.0

0.005

0.04

T3

22

-

22

22

Table 5.6.3.2

COMMITTED DOSE FROM INGESTION (SvBq"1)

Thyroid

Stomach Wall

Effective

ICRP-30

Tc-99M Tc-99

7.2(-ll) 3.4(-9)

1.6(-11) 3.4C-10)

AECL-6540+

Tc-99M Tc-99

8.5(-ll) 7.3(-9)

7.0(-ll) 3.4(-9)

1.7(~11) 6.5(-10)

1982 Revision
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6. MEDICAL BRANCH

by

D.W.S. Evans

6.1 STAFF

6.2 CLINIC PROCEDURES

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

6.3 CLINIC VISITS BY WORK CATEGORIES

6.4 BREAKDOWN BY INTERNATIONAL CODE

6.5 MEDICAL EXAMINATIONS

6.6 NON-OCCUPATIONAL ABSENTEEISM

6.7 LABORATORY PROCEDURES

6.7.1 X-Ray Department
6.7.2 Haematology
6.7.3 Urine

6.8 TOTAL HOSPITAL PROCEDURES

6.9 POSSIBLE RADIATION-INDUCED DISEASE
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6.1

6.2

STAFF

Branch Head D.W.S. Evans
Secretary V.A. Schizkoske
Professional J.J. Meenan
Nurses A. Kinloch

J. Williams
Medical Technicians M. Plattner

J. Shaw
M.Y. Davis and G. Miller, part-time nurses, joined the Branch
1982 February 01 and March 29 respectively.

CLINIC PROCEDURES

6.2.1 Occupational Accident and Illness

Dec. Jan.
AECL
Male

Female

Others
Male

Female

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

6.2.2 Non-Occupational Accident and Illness

Feb.

25
9
34

1
__
T
_ „

_ _

34
31
65

1
__
T

l
l

36
34
70

2
3
5

1
__
T

Grand
Total Total

169

179

AECL
Male

Fema1e

Others
Male

Female

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

305
195
500

39
22
6T

4
3
7

2
3
5

395
248
643

41
17
58

3
2
5

2
7
9

383
247
630

53
24
77

3
1
4

2
4
6

1773

196

16

20
2005
2184
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6.3 CLINIC VISITS BY WORK CATEGORIES

Dec. Jan. Feb.
Staff P.R. Staff P.R. Staff P.R.

Crawley fi McCracken,
Attached Staff, etc. 12 16 11

Total

AECL
Chalk River Env. Auth.

Quality Assurance
Tech. Info. & Univ. Rel.
Administration

Finance
Commercial Operations

Operations
General Services
Maint. & Const.
Plant Design

Health Sciences

Chemistry & Materials

Physics

Applied Research & Dev't.

Others

1

18

17

107

23

24

32

91
3TT

13

4

266

--

--

--

283"

1

40

24

112

20

33

40

106
376

__

19

5

367

--

--

--

39T

34

35

161

23

21

27

92
393

32

10

347

—

--

--

389"

2

156

95

1360

66

78

99

289
2145

39
2184

6.4 BREAKDOWN BY INTERNATIONAL CODE

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

Diseases of the blood and blood-forming
organs

Mental, psychoneurotic and personality
disorders

Diseases of the nervous system and
sense organs

Diseases of the circulatory system
Acute upper respiratory infections
Other respiratory infections
Diseases of the digestive system
Menstrual disorders

Grand
Dec.

2
65

6

43

56
126
6

29
2

335

Jan.

1
2

86

2

59

88
152
10
34
__

434"

Feb.

1
86

1

35

64
193
16
24
--

420

Total

1
5

237

9

137

208
471
32
87
2

VI89
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6.4 BREAKDOWN BY INTERNATIONAL CODE (continued)

Dec.
Grand

Jan. Feb. Total

Total brought forward 1189

6.5

Other diseases of the genito-urinary
system

Complications of pregnancy
Diseases of the skin and cellular
tissue

Diseases of the bones and organs of
movement

Congenital malformations
Symptoms and ill-defined conditions
Fractures and dislocations
Sprains and strains
Lacerations, open and puncture wounds
Superficial injuries, contusions,
abrasions

Foreign body and other eye injury
Burns
Effects of poisons, weather and related
conditions

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

MEDICAL EXAMINATIONS

11 14 34

4
44

16

2
117
5
37
13
27

1
5

1
53

43

113
1
63
30
36

_ _
18
6

1
70

43

94
7
67
12
53

3
20
l

6
167

102

2
S24
13
167
55
116

4
43
7

20 23

AECL
Male

Female

Others
Male

Female

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

50

Dec.

8

~8

3

T

i 
ili

i 
ili

Jan.

20

3T

6
5

11

12
1

13"

287

Feb.

15

20"

5
2
7

--

395 408

Total

59

23

13

2275

Grand
Total

95
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6.6 NON-OCCUPATIONAL ABSENTEEISM

Dec. Jan. Feb.
Male Female Male Female Male Female Total

6.7

6.7.1

Chalk River Env. Auth.

Quality Assurance
Tech. Info. & Univ. Rel
Administration

Finance
Commercial Operations

Operations
General Services
Maint. & Const.
Plant Design

Health Sciences

Chemistry & Materials

Physics

Applied Res. S Dev't.

LABORATORY PROCEDURES

X-Ray Department

%

19%

20%

263%

20

45%

41

147%
558

--

39%

52%

73%

23%

n%
11

23
234%

1

31%

38%

236%

35

61%

54%

166%
625

--

38%

23

84%

10%

19%

18

23
217

--

32%

27%

322

27%

39

74%

193%
716%

1

60

42

57

32

12%

12

28%
245

2%

221%

204

1037

148%

189%

211

582
2596

Grand
Dec. Jan. Feb. Total Total

AECL
Male - Routine 20 17 14

- Special 1 1 44 28.
51 61 42 154

F e m a l e - R o u t i n e 1 2 - -
- S p e c i a l 1 3 1

T T T 8

Others — 9
Male - Routine JL zz. _L

- Special 1 9 1 11

Female - Routine
- Special zz. zz. _L

. . . . 1 1
174
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Total brought forward 174

6.7.2 Haematology

6.7.3

AECL
Male

Female

Others
Male

Female

Urine

AECL
Male

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

Dec.

73
21
94

7
7

14

-_

Jan.

82
21
TOT

8
4
12

10
1

11

Feb.

69
19
88

12
6loo

..

--
__

Total

285

44

11

Grand
Total

70
10
80

5
1

"S"

80
4

84

7
3

10

10
1
TT

68
3
71

11
1
TT

M
I 

i
M

I 
i

235

28

11

340

274
788



25
18

608
14

248
13
8

934

41
36

783
39

306
55
18

T278

52
17

793
10

234
27
32

TT65
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6.8 TOTAL HOSPITAL PROCEDURES

Dec. Jan. Feb.

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

6.9 POSSIBLE RADIATION-INDUCED DISEASE

In 1978, an atomic radiation worker was diagnosed as suffering
from a malignant lymphoma. It was considered possible that the
employee's occupational exposure to ionizing radiation, although
within prescribed limits, could have been contributory or
causative in the development of the disease. Accordingly, a
report was made by Atomic Energy of Canada Limited to the
appropriate authorities, and following retirement in 1981, the
employee was awarded compensation for total permanent disability
by the Workmen's Compensation Board of Ontario.

In 1981, a retired atomic radiation worker with 31 years service
at Chalk River Nuclear Laboratories was diagnosed as suffering
from chronic myeloid leukemia. As in the previous case, it
was considered possible that the employee's occupational
exposure to ionizing radiation, although within prescribed
limits, could have been contributory or causative in the
development of the disease. Accordingly, a report was made
to the appropriate authorities, and following his death in 1981,
his widow received compensation under the provisions of the
Workmen's Compensation Board of Ontario.
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