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1. HEALTH SCIENCES DIVISION SUMMARY

A.M. Marko

Health Physics

The maxfmum absorbed dose and dose equivalent In a 30 cm
diameter tissue sphere have been proposed by the ICRU as Indices to
specify ambient radiation fields. Monte Carlo calculations of the dose
Index and dose-equivalent Index for fields of monoenergetic neutrons
from thermal energies to 14.7 MeV are in progress. The results are
expected to provide considerably more accurate values than are
presently available and Include many neutron energies for which no
calculations have been made previously.

Further tests on the proportional-counter neutron spectro-
meter system have been made with seven monoenergetic neutron groups
from 100 to 500 keV and with neutrons from a 2 5 2Cf source. The
results confirm the energy calibrations of the four counters and verify
that their detection efficiencies are accurately known. The same
monoenergetic neutrons (and also neutrons of 2.5 MeV) were used to test
the detection efficiency of a 3He neutron spectrometer. At present
this spectrometer 1s satisfactory for neutron energies between 150 and
400 keV but at higher energies the Increasing effects of wall-losses
will have to be accurately determined.

The evaluation of M g B ^ r D y as thermol uminescent
dosimeters (TLDs) is continuing. When read with the CRNL reader, these
TLDs are several times more sensitive than "sensitized" TLD-100's.
Samples from Jugoslavia were about twice as sensitive as those from an
American source.

Some factors that limit the accuracy of TLD readings have
been Investigated: (1) the critical parameter in the heating cycle of
the reader is the temperature at which heating is stopped (the "drop"
temperature). Sensitized LiF TLDs are particularly sensitive to the
drop temperature and are better than non-sensitized TLDs for measuring
small exposures only if this temperature is well-controlled. (2)
Variations in positioning TLD plaques in the reader limit the reading
reproducibility obtainable to about 1.8%. (3) Spurious readings
caused by ambient UV light and by overheating of a motor in the reader
have been reduced.

Prototypes of a new portable personal tritium monitor have
been evaluated at various nuclear power stations and at CRNL. These
monitors have performed well and the generally favourable response
supports their basic concept and design. Some improvements to the
electrometer and ion chamber have been made and only minor mechanical
changes are planned for the final version.
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The prototype of an Installed HT/HTO monitor, based on
separation by permeable membranes, is being evaluated. While in
general the initial performance has been satisfactory, the response
time of the HTO channel Is undesirably long under conditions of low
relative humidity. The discrimination between HT and HTO 1s better
than the design goals.

The performance at high counting rates, of a wide-range
particulate monitor for the NRU stack, has been tested with X-rays. Up
to TO7 counts/s the counting rate varied linearly with dose rate but
decreased rapidly at higher dose rates. While this unexpected decrease
requires further Investigation, it appears that the stack monitoring
system could be programmed to avoid this effect.

Various methods of correcting Geiger counter rates for large
dead-time losses are under Investigation. Of three methods tested, all
can be used successfully for losses up to 50% but all run into
difficulties at higher rates. In these circumstances, however, one
method was found to be superior to the other two.

The first round of calculation for an NEA study on the
management of uranium mill tailings has been attempted by groups in
Australia, Canada and the USA and the results are now being analyzed at
CRNL. No conclusions are possible yet.

Environmental Research

An area southwest of Twin Lake in the CRNL outer area has
been tentatively selected as the site for a large-scale tracer
injection test. Although the site will not allow the study of tracer
behaviour during discharge to a lake, partial recharge of the aquifer
from Twin Lake may simplify Injection of tracers and allow study and
modelling of groundwater flow behaviour in an area of predominantly
vertical movement. A report outlining plans, objectives and general
characteristics of the potential site was presented to the 11th Nuclear
Fuel Waste Management Information Meeting at WNRE in September.

It has been found necessary to go to outside contractors for
the re-erection of the 65 m meteorological tower at Perch Lake. Bids
for the contract are presently being considered and compared with bids
for the installation of a new tower. On-site meteorological equipment
has been repaired and will now be installed on a small tower on the
roof of Building 456.

The project "Bedrock-groundwater/Lake-connect1on" Is
underway. The purpose of the project is to develop and test field
methods to be used in characterizing the discharge end of groundwater
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flow systems around potential waste repository sites. The first trial
of water-level monitoring and lake-level lowering has been made.
Preliminary results suggest that the technique will be useful in
determining connections between water in the bedrock near lakes and
lakes themselves.

A new method for counting carbon»14 at low levels has been
tested. The 1 4C (as 1 4C02) is absorbed in liquid scintillation
"cocktail" until full CO? saturation is reached. At this degree of
carbon loading, a sensitivity appropriate for the measurement of
1 4C at natural environmental levels can be achieved.

The release of approximately 130 TBq (3500 curies) of
tritiated water from the MPD site over a 7-day period in August has
provided an opportunity to study dispersion in the Ottawa River.
Elevated levels of tritium occurred at Deep River (16 km downstream
from NPD) for 20 days with a peak concentration of 510 Bq*L-l (14
nC1*L~l), compared with the MPC for drinking water of 185 kBq*
L-l (5000 nC1*L-'). The tritium first reached Pembroke, 60
km from NPD, 16 days after release.

An apparatus for measuring distribution coefficients of
radionuclIdes in soil 1n situ has been developed by the Department of
Earth Sciences, UniversTty of Waterloo, under a contract funded jointly
by AECL and Ontario Hydro. When field-tested at CRNL the equipment
proved to be no match for field conditions. The equipment has been
returned to Waterloo for modification and further field testing at
Ontario Hydro's Bruce site.

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. The purpose of this research is increased
understanding of the biological effects of the low-level radiation.

During the past quarter, research activities have been
concerned mainly with effects of tumor promoters on the DNA in blood
lymphocytes, heat shock Induction of radiation and thermal resistance
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1n yeast, confirmation of the presence of 5-methylcytos1ne 1n yeast
DNA, Induction of DNA damage by ultraviolet light and photoreactfvafion
of the damage In phage T4, relationship of radiation and carcinogen
sensitivity to hereditary deficiencies in DNA repair systems 1n
cultured human cells, relative biological effectiveness of tritium
beta-radiation for induction of breast cancer in rats and the follow-up
of past CRNL employees.

Biomedical Research

The work on Radon and Thoron Daughter Dosi metry undertaken in
conjunction with the NEA Group of Experts Is essentially complete.
Some results of this work are that the factor that converts Working
Level Month exposure to lung dose was found to be Insensitive to the
degree of disequilibrium of the radon daughters, and that this factor
Is within acceptable limits for conditions of unattached fractions and
particle sizes found In most mining environments and in dwellings.

The studies of long-term retention of carbon and technetium
in rats are nearing completion. Preliminary conclusions are that these
studies, when combined with available Information on retention In man,
will significantly increase the committed effective dose equivalent
over that given by standard ICRP models.

The review of all the radiochemical methods in use by the
Bioassay Laboratory Is nearing completion, as is the development of
currently required new or Improved methods. Notable exceptions are the
review of the solvent extraction method for enriched uranium, and the
development Of a consistent method for neptunium.
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2. HEALTH PHYSICS BRANCH

G. Covper

2.1 Staff

2.2 Neutron Dosimetry

2.2.1 Calculation of Dose Index and Dose-Equivalent
Index for Monoenergetic Neutrons

2.2.2 Development of a Hydrogenous Proportional-Counter
Neutron Spectrometer

2.2.3 Neutron Spectrometry using a 3He Proportional
Counter

2.2.U Measurement of Neutron Fields around a Van
de Graaff Accelerator

2.3 Thermoluminescence Dosimetry

2.3.1 Automatic TLD Reader AEP-5256B

2.3.2 Cleaning and Recalibration of the Personnel
TI> Dosimeters

2.3.3 Evaluation of MgBi»C-7:Dy Dosimeters

2.3.U Tests on Thermal-Neutron Sensitivity of Various
Tyjes of TLD Phosphors

2.3.5 Effect of Varying Temperature Parameters on
Performance of TLD Readers with Unexposed TLDs

2.3.6 Reduction of Incidence of Spurious TLD Readings

2.3-7 Results from Fifth International Environmental
Dosimeter Intercomparison

2.3.8 Reproducibility of Light Source Readings

2.3.9 Radiation Recordkeeping

2.k Beta Radiation Dosimetry

2.U.I Depth-Dose Measurements on p-Rays Emitted by a
Uranium Slao

2.U.2 Beta-Ray Depth-Dose Distributions
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2.5 Tritium Monitoring

2.5.1 Portable Tritium Monitor AEP-5321

2.5.2 In-line Tritium-in-Water Monitor for the U2
Loop Steam Generator

2.5.3 Nafion-based HT/HTO-in-Air Monitor, AEP-5336

2.5.U HTO Absorption on Metal Surfaces

2.6 Effluent Monitoring

2.6.1 Wide-Range Particulate Monitor

2.6.2 Stack Monitor for NRU/NRX

2.7 Dead-Time Correction for Geiger Counters

2.8 Radiation Instrument Development

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

2.8.2 Monitor for Airborne S-Emitting Particulates,
AEP-5331

2.8.3 Wide Range Beta-Gamma Survey Meter AEP-5288C

2.8.U New Head Unit for Alpha Air Monitor AEP-10110

2.8.5 Health Physics Sealer/Rate Meter AEP-53U1

2.9 Management of Uranium Mill Tailings

2.10 Radiation Dose Monitoring

2.10.1 Body Radi-ation Doses

2.10.2 Hand Radiation Doses

2.11 Reports, Publications and Lectures
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2.1 STAFF

W.G. Cross
H. Ing

A.R. Jones

R.V. Osborne
R.G.C. McElroy

R.M. Holford

Draftsmen

Personnel Monitoring

Branch Head
Secretary

Assistants :

Assistants :

Assistants :

Assistant :

G. Cowper
N.L. Hayward

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

A.H. Ohno
W.F. Richter

M. Wood
R.A. Surette

L.W. Shankland

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

R.M. Rondeau
J.M. Vincent

( 1 ) O n loan from Drawing Office.

Waterloo Student

B. Jeffrey arrived September 1, 1981. Supervisor: A.R. Jones

Summer Students

P.Ï. Timbrell, National Summer Student terminated August 10, 1981.
S.D. Luck, National Summer Student terminated August 21, 198l.
J.A. Gray, Local Summer Student terminated August 25, 1981.
L. Langlais, Local Summer Student terminated August 28, 1981.
J. Mainville, National Summer Student terminated September 8, 1981.
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2.2 NEUTRON DOSIMKTRY

2.2.1 Calculation of Dose Index and Dose-Equivalent Index for
Monoenergetie Neutrons

W.G. Cross and H. Ing

For radiation protection purposes, the maximum absorbed
dose (or dose equivalent) in a 30 cm diameter tissue sphere
has been proposed as an index to specify ambient radiation
fields(l). Monte Carlo calculations of this dose index
and dose-equivalent index, using a modified version of the
05R code, are in progress.

For incident, broad beams of monoenergetic neutrons,
of 28 energies from thermal to ik.J MeV, fluence spectra
have been calculated at the surface of a tissue sphere
and at 1, 3 and 5 cm depths. The spectra were averaged
over an arei on each spherical surface having a circular
cross section 5 cm in radius and "facing" the incident
beam. For each incident energy, 50,000 neutrons were
followed down to thermal energies but only 10,000 were
followed as thermals. Spectra were converted to heavy
particle doses and dose equivalents by using the fluence-
to-kerma factors of Caswell et al. (Radiation Res. £33. (1980)
217) and the quality factors for first collisions of mono-
energetic neutrons developed earlier (PR-HS-7).

In comparison with the calculations- of Chen and
Chilton (Radiation Res. J8. (1979) 335), the present
procedure gives considerably smaller statistical errors
and yields an accurate value of the maximum dose when
this occurs very close to the surface. It also includes
incident neutron energies between thermal and 10 keV.
However, it does not give the dose contribution from
capture gamma radiation and this is taken from Chen and
Chilton's results at energies for which it is available.

2.2.2 Development of a Hydrogenous Proportional-Counter Neutron
Spectrometer

H. Ing, W.G. Cross and P. Bunge

Further evaluation of the hydrogenous proportional-
counter neutron spectrometry system (PR-HS-8) has been
made using monoenergetic neutrons generated by the Van
de Graaff accelerator in the Solid State Science Branch.

International Commission on Radiation Units and Measurements,
"Radiation Quantities and Units", ICRP Report 33, 1980.
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The spectrometer was exposed to seven neutron energy
groups ranging from 96.8 keV to 509 keV, produced by
the Li(p,n)7Be reaction. The thicknesses of 7Li
targets* used in the various irradiations were such
that the proton energy loss gave a spread in neutron
energy of less than 5%.

The unfolded neutron spectra from these measurements
showed well-defined peaks of expected resolutions at
energies which agreed with the calibration energies to
within experimental uncertainty (<5$)> For neutrons
whose energies fell within the operating energy range
of two or more counters, the absolute intensities of
the neutron fluences, as determined by different counters,
agreed to within 3%• These results confirm the energy
calibration of the four proportional counters and provide
confidence that the detection efficiencies are properly
defined.

A preliminary measurement was also made for neutrons
from a 25ZCf source, to check the energy and efficiency
of the spectrometer. Although the source was weaker
than desired for this purpose and these counters cover
only part of the spectrum, our measurement gave a nuclear
temperature for the 252Cf fission spectrum of
1.31 ± .15 MeV and a source strength of 1.1*3 ± .17 x 106 n/s
These values are in reasonable agreement with the accepted
nuclear temperature of 1.U2 MeV and the source strength
of 1.68 x 106 n/s (unknown accuracy) q.uoted by the
manufacturer.

A recent improvement has also been made to the
spectrometer itself which considerably increases the speed
of processing experimental data. Previously, the measured
pulse heights, which are stored on cassette tape, were
transferred to paper tape and then to cards (via the CRNL
computer) before performing the actual spectral unfolding.
Spectral unfolding is now done using our 8080 microcomputer
(PR-HS-8) as a remote terminal and sending the cassette
data directly to the CRNL computer through an acoustic
coupler.

*We thank J.L. Gallant for preparing these targets.
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2.2.3 Neutron Spectrometry using a 3He Proportional Counter
H. Ing and W.G. Cross

Additional measurements have teen made to test the
3He proportional counter described previously (PR-HS-8).
The counter was exposed to monoenergetic neutrons* from
110 keV to 530 keV produced by the 7Li(p,n)7Be reaction
and from 2.2 MeV to 2.9 MeV using the D(D,n)3He reaction.
The location of the full-energy peak varied linearly
with neutron energy from thermal to 2.9 MeV. However,
peaks from neutrons of 150 keV or less could not be
resolved from the large epithermal peak, even when the
counter was wrapped with Cd.

The absolute detection efficiency of the counter was
determined (a) for thermal neutrons by comparison with
Au and Cd-covered Au activation, (b) for neutrons from
150 keV to 500 keV using the hydrogen proportional counters
(described above) as reference and (c) for 2.5 MeV neutrons
by comparison with the In(n,n')115mIn reaction. For
thermal neutrons, the "efficiency" of the full energy peak
is 32.5 counts•cm2-neutron"1• This value is consistent
with a preliminary estimate of the wall effect of the
counter. The relative efficiencies for thermals and
neutrons up to !*00 keV are consistent with the assumption
of a 1/v energy dependence. However, for neutrons above
U00 keV, the efficiency decreases rapidly because of the
increasing importance of the wall effect. At 2.5 MeV,
the efficiency (U.T x 10~**) is about 10 times lower than
the value expected on the basis of the variation in the
3He(n,p)3T cross section.

It was also observed during these experiments that the
maximum pulse height of 3He elastic recoils was only about
90S» of the value expected, based on the pulse height of the
full energy peak from the 3He(n,p)3H reaction. This
phenomenon is attributed to columnar recombination"1".
Since the 3He ions have higher specific ionization than
hydrogen ions, they have higher recombination, and hence
decreased pulse heights.

*We thank D.C. Santry and G. Kyle for assistance with these
irradiations.

+W.K. Brown, Nucl. Inst. & Meth. 26. (196k) 1.
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2.2.It Measurement of Neutron Fields around a Van de Graaff
Accelerator

H. Ing and W.G. Cross

At the request of the Solid State Science Branch,
measurements were made of neutron energy spectra and
field intensity in the target room of the Van de Graaff
accelerator in Building 107> under irradiation conditions
often used for solid state studies. Two irradiation
conditions were of main interest: 2 MeV deuterons
directed down the "320" beam tube and 950 keV deuterons
down the "15°" beam tube. The measurements were made
beside these beam tubes at locations where maximum
fields were expected, using the hydrogenous proportional-
counter spectrometer assembly mentioned in 2.2.2.

Contrary to expectation, the spectral measurements
showed that the neutrons were not from the D(D,n)3He
reaction, but were mainly from the l2C(d,n)13N reaction.
The carbon is probably from contamination in the beam
tube. It appears that a large fraction of the neutrons
was produced in the adjacent accelerator room in the
vicinity of the analyzing magnet, and then came through
the beam-tube holes in the wall. For the case of the 15°
beam tube, some neutrons were also produced in the
collimators and beam stop in the target room. The
measured neutron field intensities were 3 mrem/h for
the 2 MeV beam and 1 mrem/h for the 950 fceV beam.

Thermal neutron fluences were also measured using
a 3He counter, with and without a Cd cover. They were
less than 1 n/(cm2-s) and made negligible contribution
to the neutron dose equivalent.

2.3 THERMOLUMIWESCENCE" DOSIMETRY
A.R. Jones

2.3.1 Automatic TLD Reader AEP-5256B

Construction of the unit for WNRE continues. All
purchased components have been received and tested. The
machine parts have been made and are being anodized.
The writing of a manual continues.

Testing of the laboratory prototype to permit its use
for personnel monitoring continues. A problem noticed with
the TLD monitoring thermocouple is being dealt with. Since
thermocouples are normally lap-welded they lack cylindrical
symmetry which results in their twisting during use. To
overcome this, sample butt-welded thermocouples have been
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ordered from two manufacturers. In the meantime,
cylindrically symmetrical thermocouples have been
made in the laboratory and used in the reader.

2.3.2 Cleaning and Recalibration of the Personnel TL Dosimeters

The stock of personnel dosimeters has been cleaned
and calibrated. A set of reference dosimeters has been
set aside to be used only for obtaining the calibration
factors of TLDs.

2.3-3 Evaluation of MgBuO7:Dy TL Dosimeters

The technology and manufacturing rights have been
transferred from the Boris Kidri? Institute (Jugoslavia)
to an American manufacturer (Harshaw Chemical Co.). It
is therefore necessary to re-evaluate the TLDs and an
order for 200 has been placed. Preliminary measurements
have been made on a sample of five TLDs received from
Harshaw. They appear to be less sensitive than the
second batch of MgBi»07:Dy received from Jugoslavia.
Tests were made with unmounted TLDs in a commercial TLD
reader and with them plaque-mounted in the CRNL reader.
The table shows that the MgBi,07:Dy TLDs are much more
sensitive than the TLD-100, when read in the CRNL reader
which is sensitive to the green emission from the phosphor.

TLD Type Mean Mass Relative Sensitivity
mg Harshaw Model CRNL

13000 Reader AEP-5256A

TLD-100 23 1 1

TLD-100 23 5.2 5-1
(sensitized)

MgB^tDy 32 9.9 28.6
(Jugoslav)

MgB^OyiDy 26 5.1 16.7
(Harshaw)

2.3.U Tests on Thermal-Neutrpn Sensitivity of Various Types of
TLD Phosphors

The analysis of results obtained from the exposure of
various TLD phosphors exposed in NRU and NRX in mixed y
and thermal-neutron fields has been completed (refer to
the previous progress report, AECL-7^09» for details of
TLD phosphors and their deployment). The following
conclusions can be drawn.
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- The TLDs made from phosphors without significant
thermal neutron sensitivities (7LiF, CaSOi,) gave
readings vhich agreed well with each other.

- The other TLD materials (l.iF (natural), Li2Bi,07,
MgBi»O7) gave significantly higher readings. Thus
any pairs of one neutron-sensitive and one neutron-
insensitive TLD could be used to measure the v
doses in the presence of thermal neutrons and to
give an indication of the presence of neutrons when
their dose is a significant fraction of the total
dose.

- A more surprising finding is the approximate
agreement among the readings from the three thermal-
neutron-sensitive phosphors, as is shown by the
following table derived from results from 9
locations.

Ratio of Readings

LiF(natural) LiF(natural, sensitized)

Li2Bi»07 Li2Bi»C>7

0.97±.l8* O.58±.15* O.T5±.15*

*standard deviation

2.3.5 Effect of Varying Temperature Parameters on Performance of
TLD Readers with Unexposed TLDs

There are two important temperature parameters on the
automatic TLD reader - the anvil temperature and the
temperature of the TLD monitoring thermocouple at which
the heating is stopped. It is important to know the effect
of varying these temperatures on unexposed dosimeters
because the variability in their readings sets a limit of
reliable sensitivity. In the case of the new reader
(AEP-5256B) these parameters are easily varied by the
operator but even in the case of the old reader (AEP-5256A) •
it is important to know the effects of varying these
parameters in case they are varied inadvertently.

For these tests, TLDs both sensitized and unsensitized,
which had been previously exposed at two levels (0.1 and
10 rad; 1 and 100 mGy), were used. After preliminary readings
to erase the signal, the sample TLDs were read while both
the temperature parameters were raised independently.
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It was found that when heating was stopped at a
constant temperature ("drop temperature") the effect
of changing the anvil temperature was not dramatic.
As the anvil temperature rose, the time to heat the
TLDs decreased and these two changes had a cancelling
effect.

On the other hand if the anvil temperature was
held constant, the unexposed TLD readings increased
sharply with increasing "drop temperature" (and
consequent reading time). This effect was more pro-
nounced for sensitized TLDs and for TLDs with a history
of higher doses.

From these results it can be concluded that the
sensitized TLDs are better for measuring small exposures
if, and only if, the proper operating parameters are used.

2.3.6 Reduction of Incidence of Spurious TLD Readings

One source of spurious TLD readings is exposure to UV
and thirs problem is more serious with

- sensitized TLDs
- TLDs which have previously absorbed more dose
- UV of shorter wavelength.

To reduce the exposure of TLDs to UV light,
fluorescent lamps which do not emit UV have been installed
in rooms where TLDs are handled.

A second source of UV is the light from the sky.
Measurements made on samples of acrylic used at CRHL show
that a 1/8" (3-2 mm-) sheet of acrylic placed over the
glass window increases the cut-off wavelength (10$
transmission) from below 330 to above 370 nm. Acrylic
sheets are being added to the windows.

A second source of spurious readings was found to
be related to the TLD reader. The cause was overheating
of the linear motor that raises the anvil, which led to
longer heating times and higher TLD temperatures. This
problem has been solved by installing a second cooling
fan on the motor.

2.3.7 Results from Fifth International Environmental Dosimeter
Inter corn-par is on

Dosimeters were exposed to about 30 mR in the open
over a three month period and about 90 mR in the laboratory
at the beginning and end of this period.
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The CRNL dosimeters readings were 6±2% higher than
the median readings of the other participants. Since the
difference was quite consistent for the three measurements
it was probably related to calibration. There was no
evidence of fading.

2.3.8 Reproducibility of Light Source Readings

The new TLD reader (AEP-5256B) has a built-in light
source which provides a reproducible reading. (The^
measured standard deviation of successive readings is •
0.2?»). Similar measurements with a light source the same
size and shape as a TLD and mounted on a plaque were not
so reproducible. (Standard deviation for successive
readings was 1.8$). Measurements of the radioactivity
in the light source showed that the standard deviation due
to random fluctuations should not exceed O.k%. Therefore
it seems likely that the variations were due to non-
reproducibility of the positioning of the plaque. This
should apply equally to plaque mounted TLDs and, for this
reason, the reproducibility of their readings is limited to
1.8%.

2.3-9 Radiation Recordkeeping
R.M. Holford

In normal pre-processing of TLD data the readings
are calibrated in 'magazines', each of which contains
two OR plaques to give as estimate of the background dose
and two 1R plaques, exposed to a known dose in the
calibration facility, which give an estimate of the 'gain'
of the reader (the ratio of the readings to the doses).
At times, inconsistent results are observed for the 1R
plaques, and modifications have been made to the computer
pre-processing procedures to allow calibration accuracy
to be maintained under these conditions, by averaging
the estimates of the 'gain' of the reader from a number of
successive 'magazines'.

2.k BETA RADIATION DOSIMETRY

2.U.I Depth-Dose Measurements on 8-Rays Emitted by a Uranium Slab
A.R. Jones

Because uranium slabs are convenient and reproducible
sources of 3-rays for calibrating dosimeters of various
thicknesses, it is important to know the variation of dose
with distance from the uranium/dosimeter interface. This
variation was measured in teflon, using stacks of thin
(0.13 mm, ^30 mg/cm2) teflon TLDs.



- 16 -

2.k.2 Beta-Ray Depth-Dose Distributions
W.G. Cross, H. Ing, N.O. Freedman and J. Mainville*

A computer programme has been developed for plotting
beta-ray depth-dose distributions for which calculation
was described in PR-HS-5. Of the distributions from
approximately 100 beta-ray emitters, the programme selects
sets of four that can be plotted appropriately on the
same graph with minimum interference. Pairs of distributions
can be added using spline-smoothing to get points at the
same depths for the two. curves. A complete set of graphs
is being prepared for publication.

2.5 TRITIUM MONITORING

2.5-1 Portable Tritium Monitor AEP-5321
R.V. Osborne and M. Wood

Evaluations of the prototypes at various operating
nuclear power stations and at CRNL have been completed.
The monitors have performed well and comments have been
generally favourable. The original concept of an
inexpensive, very portable monitor able to monitor down
to 1 (MPC)a, although with only moderate gamma compensation,
therefore appears to have been appropriate. No major
design changes are proposed. Minor mechanical changes -
more robust legs and less accessible controls, for example -
will be made for the final version.

The design of the electrometer and ionization chamber
package has already been changed so that it is more
compact and is more easily disassembled. The extraneous
signals, obtained when some of the early prototypes were
used in air at 9O-95J5 relative humidity, have been
eliminated by use of a hydrophobia coating on the
ionization chamber insulators. The variation of the
zero-offset level with temperature is i>-0.2(MPC)a per
°C through the range -20°C to +Uo°C and is sufficiently
small for this kind of instrument.

2.5.2 In-line Tritium-in-Water Monitor for the U2 Loop Steam
Generator

R.V. Osborne and M. Wood

The design of this monitor has been specified so that
it can use mainly commercially-available items - for example,

•National Summer Student 1981 attached to Branch.
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the plastic scintillator detector designed by us for the
air monitor AEP-5275. A ratemeter that will provide an
analog (^-decade logarithmic) signal for remote indication
and alarming, and a local digital display of monitored
concentration, is being built.

2.5.3 Bafion-based HT/HTO-in-Air Monitor, AEP-5336
R.G.C. McElroy, R.A. Surette and R.V. Osborne

The construction of the prototype AEF-5336 is
complete and the monitor is being evaluated. In general,
the initial performance has been satisfactory but some
difficulties have been encountered. The most serious
problem concerns the time response of the HTO channel.
For 50% relative humidity at room temperature, the response
time is about 10 min; under drier conditions it is longer.

The discrimination between HT and HTO is good; the
signal in the HTO channel due to HT in the input gas is
less than 1 part in 5000 of the signal in the HT channel.
The signal in the HT channel due to HTO in the input gas
is less than 1 part in 100.of the signal in the HTO
channel. Both of these numbers are better than our design
goals. The response time of the HT channel is also good -
approximately 1 min.

A talk describing the monitor and these preliminary
test results will be presented at the IEEE 1981 Nuclear
Science Symposium.

2.5.1* HTO Absorption on Metal Surfaces
R.G.C. McElroy and R.V. Osborne

A series of measurements to find the amount of HTO
absorbed on various metal surfaces, following exposure
to tritiated water vapour, has been completed. Unfortunately,
the results were somewhat inconclusive with respect to
choosing metal surfaces in wide dynamic range ion chambers.
What the results did show was that the surface preparation
was at least as important as the surface material.

2.6 EFFLUENT MONITORING

2'. 6.1 Wide-Range Particulate Monitor
R.M. Holford and P. Timbrell*

This radiation detector is being designed as one of
the components for the proposed NRU Wide-Range Stack Monitor.
The design specification requires a counting-rate range of

•National Summer Student attached to branch for summer of 198l.
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from 1 to 107 counts/second for the particulate detector.
The prototype detector consists of a thin sheet of plastic
scintillator mounted on a high-gain photomultiplier tube
directly coupled to a high-speed amplifier, discriminator
and pre-scaler. It was tested by exposure to the radiation
field from an x-ray set using a linear dose-rate meter
for comparison. The counting-rate of the detector increased
linearly with the dose-rate to about 107 counts/second,
thus meeting the specification, but the counting-rate was
then observed to decrease fairly rapidly as the dose-rate
was further increased. This decrease was not expected on
theoretical grounds, the rate is too low for pulse-overlap
to be significant, and therefore requires further
investigation. It does not represent an insuperable problem
in the stack monitor application, however, since the system
controller could be programmed to detect that the counting
rate was approaching its maximum value and take corrective
action.

2.6.2 Stack Monitor for NRU/NRX
A.R. Jones and R.M. Holford

A cost estimate has been prepared for a monitor to
measure, record and display the stack emissions of

- radioactive noble gases
- radioactive particulates
- radioiodines .

2.7 DEAD-TIME CORRECTION FOR GEIGER COUNTERS
R.M. Holford

This work was originally reported in PR-HS-7. The
experiments have now been repeated using a radiation survey
meter (AEP-5302A) based on a relatively slow Geiger Counter
(Philips type I85U5). Time interval spectra were recorded
using a small real-time computer, and the computer was
also used to record a spectrum of the differences between
successive intervals. These data were used to compare
three possible methods of dead-time correction: (l) U3ing
the minimum observed pulse interval as an estimate of the
dead-time, (2) using the average difference between
successive pulse-intervals as an estimate of the reciprocal
of the counting rate, and (3) using the average value of
the time interval derived only from those intervals exceeding
a preset value known to be greater than the actual dead-
time; this should be equal to the reciprocal of the counting
rate plus the preset value.



- 19 -

Dead-time losses of up to 50$ can be corrected by
any of the methods, though method 3 is probably the most
accurate and simplest to implement. At higher rates,
departures of the time-interval spectrum from the ideal
exponential form are very marked and all three methods
run into difficulties. Method 2 is apparently the best
one to use under these circumstances, since the difference
spectrum shows fewer departures from the idaal than the
normal time-interval spectrum.

2.8 RADIATION INSTRUMENT DEVELOPMENT
A.R. Jones

2.8.1 High Range Beta Dose Rate Meter AEP-5337 and High Range

Gamma Survey Meter AEP-53O9A

A report describing both meters is being prepared.

2.8.2 Monitor for Airborne g-Emitting Particulates, AEP-5331
A laboratory prototype has been completed and is

being tested in the laboratory.

2.8.3 Wide Range Beta-Gamma Survey Meter AEP-5288C

An engineering prototype is being constructed.

2.8.U New Head Unit for Alpha Air Monitor AEP-10110

A laboratory prototype has been built and is being
tested in the laboratory.

2.8.5 Health Physics Sealer/Rate Meter AEP-53U1

The development has begun of a single instrument to
replace the Health Physics Sealer AEP-5226 and the
Contamination Rate Meter AEP-2160, both of which are
obsolete because they contain components no longer
available. The requirements to be met by the sealer/
rate meter follow.

It must accept pulses from GM-Counter or PMT probes
(including those fitted to the AEP-2160) and display their
count rates or their number over a known time.

It must operate from either line power or rechargeable
batteries, as required.
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It must include a O-1OOO V supply for the probes,
which can be varied and monitored.

In the count-rate section, pulse rates between 0
and 2,000 counts.s"1 must be displayed digitally while
those between 10 and 10,000 counts-s"1 should be displayed
on a logarithmic analog scale. The displays must be
simultaneous and corresponding recorder outputs must be
available.

In the sealer section, pulse counts from 0 to 108 s"1

must be displayed at the same time as the rate section
is operating. An internal timer must select counting
periods of 10, 100 or 1000 s with the option of external
gating.

2.9 MANAGEMENT OF URANIUM MILL TAILINGS
R.V. Osborne

The first round of calculations for the NEA study
on the management of uranium mill tailings has been
attempted by groups in Australia, the United States and
Canada and the results are now being analysed here. The
estimations have been of the dose rates to critical groups
and the collective dose commitments from radionuelides
released from tailings piles characteristic of the various
regions and managed in various ways. The costs of the ways
of managing the tailings have also been estimated. The
analysis here is determining initially the incremental
cost-effectiveness of the various management schemes.
So far no conclusions are possible since the estimates
are not complete or have uncertainties that are large
compared with the apparent differences in doses associated
with the ways of handling the tailings.

2.10 RADIATION DOSE MONITORING

2.10.1 Body Radiation Doses
R.M. Rondeau and J.M. Vincent

In the fourteen-week period ending 2 October 1981
and in the calendar year to this date there were the
following distributions of radiation exposure.

In this period there was one whole-body radiation
exposure exceeding the 600-mrem two-weekly administrative
control limit and no skin exposures exceeding the l600-mrem
two-weekly administrative control limit.
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CRNL - Whole-Body Dose

Dose Range
rem

no radiation

o - 0.U9
0.50 - 0.99
1.00 - 1.1*9
1.50 - 1.99
2.00 - 2.1*9
2.50 - 2.99
3.00 - 3.U9

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

Ho. of
monitored
persons

kl8
2613
98
19
1
0
0
0

Total
Dose
Man-rem

0
167.26
65.69
21.57
1.5>»
0
0
0

8l mrem

9U mrem

Calendar Year

No. of
monitored
persons

350
2397
175
115
62
31
15
k

Total .
Dose
Man-rem

0
257.71
129.87
1U3.82
106.2k

67.91
HO. lit
13. U3

2Ul mrem

271 mrem
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Radiochemical Company - Whole-Body Dose

Dose Range

rem

no radiation
0 - 0.1*9
0.50 - 0.99
1.00 - 1.1*9
1.50 - 1.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen

No. of
monitored
persons

102
276
2
0
0

51

69

Weeks

Total
Dose
Man-rem

0
18.00
1.29
0
0

mrem

mren

Calendar Year

No. of
monitored
persons

72
267
33
6
2

Total
Dose
Man-rem

0
33.00
21.88
6.1*8
3.25

170 mrem

210 mrem
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Dose Range
rem

no radiation
0 - 0.1*9
0.50 - 0.99
1.00 - 1.1*9

Average dose
per monitored
person

Average dose
per exposed
person

Engineering Company -

Fourteen Weeks

No. of
monitored
persons

308
15
6
1

Total
Dose
Man-rem

0
0.98
3.87
1.06

18 mrem

269 mrem

Whole-Body Dose

Calendar Year

No. of
monitored
persons

296
26
6
2

Total .
Dose
Man-rem

0
1.50
3.92
2.10

23 mrem

221 mrem
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CENL - Skin Dose

Dose Range
rem

no radiation
0 - 0.1*9
0.50 - 0.99
1.00 - 1.1*9
1.50 - 1.99
2.00 - 2.1*9
2.50 - 2.99
3.00 - 3.1*9
3-50 - 3.99
it.OO - 1*.1*9

Average dose
per monitored
person

Average dose .
per exposed
person

Fourteen Weeks

No. of
monitored
persons

1*18
2596
111*
20

-o
1
0
0
0
0

Total
Dose
Man-rem

. 0
165.9U
77-22
23.1*6
0
2.1*2
0
0
0
0

85 mrem

98 mrem

Calendar Year

No. of
monitored
persons

350
2377
170
108
71
1*6
18
8
0
1

Total
Dose
Man-rem

0
259.99
122.Ul
133.11
122.1*1*
100.36
1*8.00
26.01*
0
U.17

259 mrem

292 mrem
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Radiochemical Company - Skin Dose

Dose Range
rem

no radiation
0 - 0.1*9
0.50 - 0.99
1.00 - 1.1*9
1.50 - 1.99
2.00 - 2.1*9

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

102
270

7
0
I
0

Total
Dose
Man-rem

0
19.20
k.9k
0
1.86
0

68 mrem

9I* mrem

Calendar Year

No. of
monitored
persons

72
2l*0
53
9
1
5

Total
Dose
Man-rem

0
30.52
37.35
10.1*7
1.51

10.79

238 mrem

29U mpem
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Engineering Company - Skin Dose

Dose Range

rem

no radiation
0 - 0.1*9
0.50 - 0.99
1.00 - 1.U9
1.50 - 1.99
2.00 - 2.1*9
2.50 - 2.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks

No. of
monitored
persons

308
Ik
6
2
6
0
0

Total
Dose
Man-rem

0
0.99
U.3U
2.10
0
0
0

22 mrem

338 area

-

Calendar Year

No. of
monitored
persons

296
26
5
2
0
0
1

3*

33S

Total •
Dose
Man-rem

0
2.66
3.98
2.10
0
0
2.5U

\ mrem

1 mrem
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2.10.2 Hand Radiation Doses
J.M. Vincent and R.M. Rondeau

In the fourteen-week period ending 2 October 1981
and in the calendar year to this date the following
distributions of extremity doses were measured by finger-
tip TLDs.

Dose Range
rem

less
1.00
2.00
3.00
l».00
5.00
6.00

16.00

than 0.99
- 1.99
- 2.99
- 3.99
- h.99
- 5-99
- 6.99

- 16.99

CRNL
Calendar Fourteen
Year

169
32
10
2
0
2
0

0

Weeks

87
5
1
2
0
0
0

0

Radiochemical
Calendar
Year

30
6
2
1
2
2
1

1

Company
Fourteen
Weeks

27
3
0
0
1
1
0

0

2.11 REPORTS, PUBLICATIONS AND LECTURES

G. Cowper, "Measures for the Limitation of Radiation
Exposure Following a Peacetime Nuclear Accident",
(lecture to 23rd Annual Radiation Protection Course,
CRNL, September 28, 1981).

G. Cowper, "Instrumentation for Medical Purposes",
(lecture to 23rd Annual Radiation Protection Course,
Medical Advisers and Physicians, CRNL, September 30,
1981 ).

W.G. Cross and H. Ing, "Calculations on Neutron Dosimetry
at the Chalk River Nuclear Laboratories", in Proceedings
of Eighth DOE Workshop on Personnel Neutron Dosimetry,
Pacific Northwest Laboratory Report PNL-3910 (1981) p.l62.
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2.11 REPORTS, PUBLICATIONS AND LECTURES (cpnt'd)

H. Ing and W.G. Cross, "Spectral and Dosimetric Characteristics
of a Moderated-Neutron Calibration Facility" in Proceedings
of Eighth DOE Workshop on Personnel Neutron Dosimetry,
Pacific Northwest Laboratory Report PNL-3910 (l98l) p,l8l.

A,R. Jones, "Measurement of Radiation", (lecture to 23rd
Annual Radiation Protection Course, CRNL, September 28,
1981).

C. Wernli* and A.R. Jones. The Development of a Simple
High Range Skin Dose Rate Meter Using a Silicon Diode
as a Detector, Health Physics Ul_ 371 (1981), AECL Report
No. AECL-7290.

R.V. Osborne, "Radiation Dosimetry", (lecture to 23rd
Annual Radiation Protection Course, CRNL, September 28,
1981).

•Federal Institute for Reactor Research, Wuerenlingen, Switzerland.
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3. ENVIRONMENTAL RESEARCH BRANCH

by

I.L. Ophel

3.1 Staff
3.2 Beneficial Uses of Waste Heat

3.2.1 Aquaculture of Freshwater Organisms
3.2.2 Culture of Bivalve Molluscs in Low Grade Heat

3.3 Radioecology of Molluscs
3.3.1 Contribution of Pood to the Radionuclide Body

Burden in Freshwater Clams
3.4 Biochemistry of the Waste Management Area

3.4.1 Laboratory Column Studies on the Particulate
Transport of Radionuclides

3.4.2 Organics in Groundwater: Complexation Studies
3.5 Perch Lake Project

3.5.1 Energy Budget, Lake Evaporation and Hydrology
3.5.2 Water Budget and Lake Chemistry
3.5.3 Data Storage

3.6 Stack Argon Measurements
3.7 Assessment of Radioactive Releases of Radioactivity to

the Atmosphere at CRNL
3.8 Cooperation with Outside Organizations

3.8.1 Long-Range Atmospheric Transport of Contaminants
3.9 Snowmelt, Runoff and Evapotranspiration in a Forested

Catchment
3.10 Soil and Groundwater Studies

3.10.1 Transport of Radionuclides by Particulates
3.11 Contaminant Hydrogeochemistry
3.12 Radionuclide Transport in Fractured Rock
3.13 Accelerator Measurement of Carbon-14
3.14 Measurement of Environmental Carbon-14
3.15 Dispersion of NPD Tritium in the Ottawa River
3.16 Uranium 234/Uranium 238 Activity Rates
3.17 Environmental Impact Assessment

3.17.1 Environmental Assessment of CRNL Waste Management
Areas
3.17.1.1 Chemical Pit Plume
3.17.1.2 Perch Lake Swamp Survey
3.17.1.3 Tracer Test Site
3.17.1.4 Waste Management Area C
3.17.1.5 External Contracts

3.17.2 Groundwater-Contaminant Flux to Surface Waters
and Behaviour of Radionuclides in Surface Waters
3.17.2.1 General Objectives
3.17.2.2 Biodiscrimination of Radionuclides in

Aquatic Food Webs
3.17.2.3 Groundwater-Contaminant Flux to Surface

Waters: Field Studies
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3.18 Gamma Exposure Rates in the Vicinity of CRNL
3.19 Off-Site Monitoring
3.20 Liquid Effluent Monitoring
3.21 Waste Management Areas
3.22 Gamma Exposure Rates in the Exclusion Area
3.23 Studies of the Behaviour of Cobalt and Actinides

in the Environment
3.23.1 Speciation Studies of Radionuclides in Ground-

water
3.23.2 Development of Methods for the Determination of

Actinide Concentrations in Environmental Samples
3.24 Studies of Radioactivity in Trees

3.24.1 Uptake of Radionuclides by Birch and Maple Trees
3.24.2 Sampling of Tree Sap for Tritium

3.25 Bioavailability of Species of Nuclides Present in
Groundwater

3.26 Survey of Radioactivity in Small Mammals Living Near
the CRNL Waste Management Area

3.27 Special Monitoring
3.28 Tritium Survey
3.29 Survey Summary
3.30 Publications
3.31 Verbal Presentations

3.31.1 Presented Papers
3.31.2 Lectures or Seminars
3.31.3 Local Talks

3.32 Invited Speakers

For figures see end of section.
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3.1 STAFF

3.1.1 Branch Head - I.L. Ophel

Environmental Chemistry and Meteorology

P.J. Barry Assistants: D.S. Hartwig, (terminated Sept. 11)
P.C. Jay
D.P. Wildsmith

A.G. Price Assistant: B.O. Bauer

Environmental Impact Assessment

P.J. Barry

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

D.R. Lee Assistants: S.J. Welch ~
S.L. Burchart

Natural Isotope Studies

R.M. Brown Assistant: W.J. Workman

Biochemistry and Microbial Radioecology

D.R. Champ Assistants: J.L. Young 3

P.A. Lapcevic,
S.L. Burchart

Radiochemistry and Environmental Monitoring

E.L. Cooper Assistants: D.E. Clegg
G. Lahaie
L.A. Mask
H.M. McLaughlin

Contaminant Hydrogeochemistry

R.E. Jackson4 Assistant: K.J. Inch4

Attached Staff from Department of Geography, University
of Toronto.

o
Canadore College student, arrived September 1, 1981.

University of Waterloo, Applied chemistry co-op Student.
Arrived May 5, terminated August 28, 1981.

4
Attached Staff from National Hydrology Research Institute,
Environment Canada, Ottawa.
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Biology and Aquatic Radioecology

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

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

Hydrology and Trace Element Analysis

W.F. Merritt Assistant: B.A. Risto

Assessment of Atmospheric Releases

E. Robertson Assistant: F.C. Brown

Secretarial

D.J. TerMarsch1

T. Ingram^

3.1.2 Other Attached Staff

L.A. Barrie - Atmospheric Environment Service, Environment
Canada, Downsview, Ontario. Working with P.J. Barry.
Carrying out co-operative experiments between AECL and
Atmospheric Environment Service in the CRNL Experimental
Area.

M.R. Bowron and L.M. Johnston - National Hydrology Research
Institute, Environment Canada, Ottawa. Working on a co-
operative project with R.E. Jackson on work relating to
trace elements in groundwater.

L.E. Lindsay - Department of Earth Sciences, University of
Waterloo. Working on a research contract between AECL
and the University with R.W.D. Killey. Terminated
August 31, 1981.

J.O. McHugh - On a Natural Sciences and Engineering Research
Council Canada (NSERC) Postdoctoral Fellowship. Working
with E.L. Cooper.

N.S. McLeod - Department of Earth Sciences, University of
Waterloo. Working on a Master's Thesis project with
D.R. Lee. Terminated September 13, 1981.

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

Left on Maternity Leave, September 9, 1981.

Maternity Leave replacement, arrived September 9, 1981.
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K.S. Novakowski - Department of Earth Sciences,
University of Waterloo. Working on a Master's Thesis
Project with R.W.D. Killey. Terminated August 31, 1981.

3.1.3 Summer Students

I.G. Beauprie - Mackenzie High School, Deep River,
working with D.R. Lee. Terminated August 28, 1981.

V.S. Corriveau - The University of Western Ontario,
London, working with J.W. McMahon. Terminated September
11, 1981.

A.F. Fuciarelli - University of Toronto, Toronto, working
with E.L. Cooper. Terminated September 4, 1981.

J.D. Gordon - Queen's University, Kingston, working with
D.R. Champ. Terminated September 4, 1981.

B.E. Harrison - Mackenzie High School, Deep River, working
with P.C. Jay. Terminated September 1, 1981.

E.M. Harrison - Mount Allison University, Sackville, New
Brunswick, working with D.R. Lee. Terminated September
4, 1981.

J.E. Hegney - The University of Western Ontario, London,
working with E. Robertson. Terminated August 21, 1981.

C M . Lamarche - Fellowes High School, Pembroke, working
with P.J. Barry. Terminated September 11, 1981.

F.A. Murray - Mackenzie High School, Deep River, working
with E.L. Cooper. Terminated August 28, 1981.

P.G. Seguin - University of Waterloo, Waterloo, working
with R.W.D. Killey. Terminated August 28, 1981.

L.G. Swanson - Queen's University, Kingston, working with
R.M. Brown. Terminated August 28, 1981
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3.2 BENEFICIAL USES OF WASTE HEAT - J.W. McMahon and
A.E. Docherty

3.2.1 Aquaculture of Freshwater Organisms

Studies on mass culture of algae using low-grade
heat (24 + 0.5°C), phosphate-nitrate nutrient enrichment
and continuous illumination were continued. The use of
additional artificial illumination, at least under
summer conditions, does not significantly enhance the
daily rate of growth of Scenedesmus quadricauda. Growth
studies are currently being carried out using another
species of Scenedesnfu1*.

3.2.2 Culture of Bivalve Molluscs in Low Grade Heat

Long-term studies have been initiated, at the
Maskinonge Lake facility, to study the effect of in-
creased temperature and defined diets on the seasonal
growth of the freshwater clam Elliptic complanatus.
Clams of a selected size group (5.5 to 6.5 cm shell
length), isolated in water troughs maintained at
24 + 0.5 C and at ambient lake water temperature, are
receiving known concentrations of carbohydrate supple-
ments (cornstarch or wheat flour) and pure cultures of
the unicellular alga Scenedesmus quadricauda. Control
animals are receiving natural available lake plankton.
The supplemental foods, metered continuously with a
peristaltic pump, are diluted with lake water flowing
over the clams at a predetermined rate of 2 L per minute.
Changes in dry weight of the clams will be used as an
indicator of the effect of the various temperatures and
diet conditions on the animals.

3.3 RADIOECOLOGY OF MOLLUSCS - J.W. McMahon, A.E. Docherty
and S.-R. Gentner

3.3.1 Contribution of Food to the Radionuclide Body Burden
in Freshwater Clams

Feeding behaviour studies were continued through-
out this period on the freshwater clam Elliptio
complanatus. Filtering rates (based on the numbers of
s^Fe labelled algae cells removed from the water by a
clam in a given period of time) were used to compare
the effects of food cell concentrations, flow rate,
length of time required to fill a clam's gut and temp-
erature. Although Elliptio complanatus appears to be
a continuous filter-feeding organism during daylight,
there, is still considerable variability in filtering
rates within an experimental group. Average filtering
rates for replicate experiments, using reasonably large
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numbers of animals, is the procedure currently being
used to minimize this problem.

3.4 BIOCHEMISTRY OF THE WASTE MANAGEMENT AREA

3.4.1 Laboratory Column Studies on the Particulate Transport
of Radionuclides - D.R. Champ and W.F. Merritt

This work is continuing. See Section 3.10.1
of this report.

3.4.2 Organics in Groundwater: Complexation Studies
- J.L. Young, D.R. Champ and J.O. McHugh

During the past quarter, reverse-phase ion-
pairing chromatography has been applied to the analysis
of the "°Co-organic complexes found in groundwaters of
the East Swamp. This analysis completes our current
phase of work utilizing High Performance Liquid
Chromatography (HPLC).

Preliminary analysis of Co-containing East
Swamp groundwater by anion exchange chromatography on
AG-1 resin had indicated three 60co-containing fractions:
(1) a fraction containing either free or weakly sorbed
cobalt which was not retained, (2) a fraction that
could be removed with KCl, and (3) a strongly sorbed
fraction that could not be removed from the column.
These fractions accounted for 25%, 60% and 15% respec-
tively, of the total 60Co in groundwater from well ES16B
located downstream of the Liquid Disposal Area.

The KCl stripped fraction (2) was of interest
for HPLC analysis since it was presumably an anionic
organic complex which comprised a large percentage of
the mobile *°Co in the East Swamp. The presence of an
organic ligand was further supported by the observation
that the complex could be disrupted by y-irradiation.
The above fraction (2), a freeze-dried concentrated
sample of ES16B *>°Co-containing groundwater, and a
sample of *^Co-free groundwater, also concentrated by
freeze-drying, from a well adjacent to 6^Co-plume,
have been analyzed using HPLC in both aqueous systems
using gel-permeation columns and non-aqueous systems
using reverse-phase chromatography and reverse-phase ion-
pairing chromatography.

Gel permeation chromatography revealed an organic
component/ as assessed by UV254 absorbance, that was
common to the groundwater samples, but absent from
fraction (2) . Forty percent of the 60co j.n the con-
taminated groundwater coeluted with these organics
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suggesting that 40% of Co may be complexed to
ligands which are "aquifer derived", since these
organic ligands are present within and outside of
the 60co plume. These components were absent from
fraction (2) presumably because of separation on the
AG-1 resin, quantitatively the 6°Co in the other AG-1
fractions equaled that in the "aquifer derived" com-
ponent of contaminated groundwater. The remaining
organics, presumably derived from the disposal sites,
in samples from ES16B eluted prior to the "aquifer
derived" organics and very near the permeation limit
of the column. Ultrafiltration studies on this com-
ponent indicated an apparent molecular weight >500 and
equivalent to the °"co organic complex in the load.
This supports an ionic interaction with the column
rather than the presence of low molecular weight
material.

Ion-pairing studies indicated a range of hydro-
phobicity in the organic components of ES16B, as
indicated by a broad UV254 absorption peak. Greater
than 70% of the 60co in fraction (2) eluted with this
broad organic peak. The "aquifer derived" organics
in uncontaminated groundwater were clearly separated
from the major peak of organics found in ES16B and
these "aquifer derived" organics were not found in
fraction (2) confirming their loss during AGI chroma-
tography. The elution profiles also suggest that the
"aquifer derived" organics are relatively hydrophilic
compared with the organics introduced from the waste
disposal sites.

The overall results support ' Co complexation
by organics naturally present in the system and intro-
duced organics. Speciation of the organics has not
yet been pursued.

3.5 PERCH LAKE PROJECT

3.5.1 Energy Budget, Lake Evaporation and Hydrology
- P.J. Barry, D.S. Hartwig, E. Robertson and P.C. Brown

Analysis of the meteorological and lake tempera-
ture data collected during the spring and summer is in
progress. Data collection will continue until lake
freeze-up.

The water temperature profile at one location
on Maskinonge Lake has been recorded continuously
throughout the summer. The record of wind speeds at -
1 and 10 metres at Perch, Maskinonge and Upper Bass
Lakes have also been almost completed; however, faulty
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equipment made it impossible to record wind directions
at Perch Lake.

An empirical equation by Monteith which is used
in the energy budget model to estimate incoming long
wave radiation from vapour pressure and cloud cover
data has been tested against values calculated from
measurements of surface water temperature, short wave
and net radiation at Perch Lake. Results from two
months' data gave a correlation coefficient of <\, 0.7
between the two methods. The data record ended when
the Kipp solarimeter was struck by lightning early in
July.

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

Tritium analyses of water samples from Perch
Lake Outlet, Perch Creek Weir and No. 1 and No. 2 Inlets
were continued.

Anion analyses of surface, groundwater and pre-
cipitation samples from Perch Lake and Upper and Lower
Bass Lake systems were continued. A Hewlett Packard
3390A Reporting Integrator is being installed in the
Oionex system and is being automated to read each sample
in mg/litre. Tests are now being done to determine
precision of analyses.

3.5.3 Data Storage - D.P. Wildsmith

Perch Lake Outlet and Inlet stream flow data for
the period January to April 1981 inclusive has been
received from the Water Survey of Canada, Environment
Canada. Precipitation data, maximum and minimum air
temperatures, soil temperature and the outlet stage
height are recorded daily.

In cooperation with the Mathematics and
Computation Branch, CRNL, a permanent computer file is
being compiled of meteorological data and radiological
data for the period 1963 to 1976.

3.6 STACK ARGON MEASUREMENTS - D.P. Wildsmith

Periodic monitoring of the argon released from
the main stack continues. CO2 is introduced into the
J-rod annulus of NRU primarily to replace the moist
air and thus reduce the corrosion rate of the reactor
vessel.
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A useful by-product is that the greatly reduced
volume of air results in a much reduced argon-41 re-
lease from the main stack.

The results obtained to date for 1981 are given
in Table 3.6.

During July the stack gaseous-sampler and the
detector used to count the stack sample were changed.
This has resulted in an apparent difference of approxi-
mately 13% for the stack concentrations under similar
reactor operating conditions. This is being investi-
gated.

41TABLE 3.6 Measured Ar Releases from Main Reactor
Stack 1981 "~

REACTOR POWER
Sampling

Date Time (ESI)
Jan. 15 08:18-08:22 145.0 x 10"

Mar. 19 08:16-08:21 145.6 x 102

May 14 08:30-08:33 168.0 x 102

Aug. 11 07:38-07:42 105.6 x 103

*Aug. 21 12:28-12:32 129.5 x 103

**Aug. 21 12:28-12:32 149.3 x 103

NRU
megawatts C0_

not operating

not operating

120 normal

not operating

116 normal

116 normal

NRX
megawatts

21.6

22.4

23

22.6

22.6

22.6

GBq.d

6713

6498

1175

4673

934

1077

T1

*

**

Both samples taken simultaneously

New sampler and detector

Old sampler and detector

1 Ci = 37 GBq

3.7 ASSESSMENT OF RADIOACTIVE PELEASES OF RADIOACTIVITY TO
THE ATMOSPHERE AT CRNL - E. Robertson and F.C. Brown

It has been found necessary to go to outside
contractors for the re-erection of 65 m meteorological
tower at Perch Lake. Bids for the contract are pre-
sently being considered and compared with bids for the
installation of a new tower. The purchase order for
aerovanes, temperature sensors and lightning protection
equipment for the tower has been approved.



- 39 -

The aerovane and cable from the high head tank
have been taken down and repaired. They will be in-
stalled on the roof of Building 456 to provide wind
data until new site equipment is purchased.

A computer model to calculate dispersion para-
meters and down-wind concentrations of radioactivity
at ground level from known meteorological conditions
and release rates is in place.

3.8 COOPERATION WITH OUTSIDE ORGANIZATIONS

3.8.1 Long-Range Atmospheric Transport of Contaminants
D.P. Wildsmith

In cooperation with the Atmospheric Environment
Service of Environment Canada, the Background Air and
Particulate Sampling Station at CRNL continues to be
monitored on a daily basis.

In June 1981 an integrating nephelometer was
added to the monitoring site. This instrument makes
a continuous measurement of the visual quality of the
ambient air. This is determined by the measurement
of the atmospheric extinction coefficient due to light
scattering by both gases and aerosols in the air.

3.9 SNOWMELT, RUNOFF AND EVAPOTRANSPIRATION IN A FORESTED
CATCHMENT - A.G. Price

The fourth field season was completed this
Spring. We are still plagued with instrument problems,
our measurements of soil water tension having failed
almost completely. The 4 year data on energy balance
and soil water distribution have been summarized in
three publications. We intend to perform a sprinkling
experiment in Spring 1982, while making a last attempt
to measure the energy distribution within the un-
saturated zone of the soil. If this is successful it
will allow estimation of vertical and horizontal com-
ponents of water flux within the unsaturated soil.

•3.10 SOIL AND GROUNDWATER STUDIES

3.10.1 Transport of Radionuclides by Particulates
— W.F. M e m t t and D.R. Champ

A soil column was equilibrated, spiked with
80 ug of Pu (1.8 x 103 Bq) and eluted with groundwater
at a flow rate of about 4 column volumes per day. Pu
appeared in the eluant after 1 column volume and reached
a steady release rate of 12 Bq-L"1 after about two weeks.
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Filtration showed that about 20% was retained on a
0.45 \i Millipore filter and 34% was retained on a
0.05 p Millipore. Decreasing bacterial action in the
column by use of an antibiotic in the eluant, or by
chilling the column to 0°C in an ice bath, decreased
the release rate to 6 Bq-L"1. Of this, retention was
reduced to 15% on 0.45 p Millipore and 28% on 0.05 u
Millipore.

Experiments to study speciation and complexation
will be carried out using chemical separation and ultra-
filtration techniques. However, after irradiation of the
eluant with several megarads (1 rad =10 mGy) of gamma radia-
tion to destroy organic components, no Pu was retained on
the filters. This indicates that in the case of Pu,
the particles are likely organic, not inorganic as
appears to be the case with Cs.

3.11 CONTAMINANT HYDROGEOCHEMISTRY - R.E. Jackson

A new computer program MINEQL has been put into
the CRNL computer system. This program will be used
for the computation of chemical equilibria in aqueous
systems.

Further studies on the 1954 disposal plume have
begun. A series of cores have been taken along the
full length of the plume. These cores have been pro-
cessed and Ka's for 90Sr have been obtained. Minera-
logical work has also been started.

3.12 RADIOHUCLIDE TRANSPORT IN FRACTURED ROCK - R.E. Jackson

Groundwater was geochemically sampled from a
suite of 36 wells located in fractured reck. This was
done on the Upper Bass field site in cooperation with
Environment Canada (L.M. Johnston and M. Bowron).
Samples are now being analyzed.

A pump test at the Maskinonge Lake site has
begun and a large series of groundwater samples will
be taken using a new Westbay down-hole sampler. These
samples will then be analyzed.

3.13 ACCELERATOR MEASUREMENT OF CARBON-14 - R.M. Brown and
W.J. Workman with H.R. Andrews, G.C. Ball and J.C.D. Milton
of Nuclear Physics Branch and N. Burn and Y. Imahori of
NRX Reactor Branch

A 10-day accelerator run was carried out in
September 1981. Thirty-seven samples, standards and
backgrounds were prepared as elemental carbon, mixed
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with Fe powder and mounted in Al "cones". New steel
reaction tubes were used for each reduction of CO2 to
C to eliminate the possibility of cross contamination.
Sample preparation including combustion to CO2, re-
duction to C, purification of the carbon and sampling
mounting required about one half-day when multiple
samples were being prepared. Sample size ranged down
to 1.5 mg carbon.

A variety of samples were run to demonstrate
application of the technique. Samples included fracture-
filling calcite from Whiteshell drill core WN1, mammoth
bones from the Yukon (submitted by R. Wilmeth, National
Museum of Man, Ottawa), CO2 from meteorites recovered
from Antarctic ice to date the ice for paleoclimate
studies (submitted by E.L. Fireman, Smithsonian
Astrophysical Observatory, Massachusetts), charcoal
from faulted strata to determine the maximum possible time
since faulting, hence earthquake frequency (submitted
by A. Tucker, San Jose State University, California).
In each group some samples had been dated by radio-
metric measurement, others were too small to have been
dated before.

Operation of the accelerator and automated
measurement system was virtually trouble-free through-
out the 10 day run. Four loadings of 11 cones each
were done, each load run over about two days, each
sample measured two or three times. Data analysis is
still underway and we do not have the independent radio-
metric values as yet, but preliminary results look
excellent. In the first three loads, a background
(sample prepared from limestone) equivalent to a ^C
age of 40,000 years was observed. In the fourth load,
a freshly prepared sample of the same material gave
55,000 + 2800 years and a graphite sample 53,000 years.
These are the lowest backgrounds we have ever achieved.
Together with beam currents about twice those realized
previously and stable operation throughout the long run,
this constitutes a major improvement in performance of
the system. Samples that have been in previous runs
gave good duplication of results except for one bone
sample and this is attributable to sample preparation.

In this run, as in the run of last May, we have
obtained too young an age for bone samples when treat-
ment of the bone with HC1 had been so vigorous as to
leave only a small amount of organic residue. It had
been thought that bone collagen would be the most stable
material present and hence vigorous treatment was desir-
able to ensure removal of all recent material. However,
if there was a small amount of very stable recent organic
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material associated with the bone it would constitute
an increasing proportion of the residual material
as old collagen was destroyed by too vigorous treat-
ment. A possible alternative explanation is that the
large surface to mass ratio of small amounts of organic
residue may adsorb proportionately more CO2 from the
atmosphere while being dried prior to combustion than
larger samples.

A more detailed analysis of the performance of
the system is presented in Nuclear Physics Branch
Progress Report PR-P-131, AECL-7510, Section 2.14.

3.14 MEASUREMENT OP ENVIRONMENTAL CARBON-14 - L. Swanson
and R.M. Brown

In the past we have investigated the use of
BaC03 suspensions and the small scale synthesis of
samples to benzene for liquid scintillation counting
of 14c at environmental levels. The first technique
did not give consistent counting at the high levels
of BaC03 required for adequate sensitivity and ben-
zene synthesis proved too time-consuming for environ-
mental survey purposes. Recently several investigators
have found that the commercial "cocktails" normally
used for absorbing and counting small amounts of CO2
in tracer work can be used at full CO2 saturation.
At this degree of carbon loading, a sensitivity appro-
priate for the measurement of 14c at natural environ-
mental levels can be achieved.

We have found it possible to absorb 0.9 g
carbon by simply bubbling excess CO2 into a "cocktail"
consisting of 14 ml> "Carbosorb" and 8 mL "Permafluor V"
(both Packard Instrument Company). A counting effi-
ciency of 78% and background of 10 counts per minute
in polyethylene vials is obtained in our low level
liquid scintillation counter giving a sensitivity
(2 a counting statistics) of 1.3 disint. per minute per gram
gram carbon (about 10% modern carbon) for 100 minutes
counting tine. The system shows good stability,
allowing long counting time when appropriate. Reliable
estimation of the amount of carbon incorporated in the
counting cocktail has proved difficult. The conven-
tional technique is to obtain this from the weight gain
of the cocktail on CO2 absorption, but in our experience
this is interfered with by solvent loss during absorption.
Attempts to get complete absorption of a measured amount
of CO2 proved cumbersome and did not give the high degree
of saturation desirable. A titrimetric determination of
CO2 on an aliquot of the sorption mixture has been tried
but is not completely satisfactory as yet.
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This counting technique has been used to
measure the carbon-14 content of cellulose separated
from individual annual growth rings of a silver maple
which grew near the Main Library of CRNL from 1958-
1978. Concentrations of 2 to 3 times modern (pre-
1950 wood) have been observed over this,period, indicating
that the release of 1 4C from the CRNL reactors has
not changed greatly.

3.15 DISPERSION OF NPD TRITIUM IN THE OTTAWA RIVER
- R.M. Brown and W.J. Workman

The release of approximately 130 TBq (3500 Ci)
of tritiated water from the NPD site over a 7-day
period in mid-August has provided an opportunity to
study the dispersion of HTO in the Ottawa River.
Daily samples of river water from Deep River, CRNL,
Pembroke and Ottawa are being analyzed to observe the
longitudinal dispersion and Toss of HTO by exchange
with the atmosphere as the "cloud" moves down river. ,
The flow of the river at NPD is approximately 550 m3.s~ .
Studies by W.F. Merritt in the past have shown the
water to travel about 9 km-d~l from NPD to Deep River
and 4 km«d-l from CRNL to Pembroke. Elevated levels
of tritium occurred at Deep River (16 km downstream
from NPD) for 20 days with a peak concentration of
510 ± 7 Bq«L~l (13.7 ± 0.2 nCi>L~1) compared to a
normal level of 18.5 Bq«L~l and the MPC for drinking
water of 185 kBq«L"l (5000 nCi-L"1). At CRNL (25 km
downstream from NPD) tritium arrived 10 days after
its release, with a peak concentration of 245 ± 4 Bq»L~l
(6.63 ± .12 nCi«L~l) occurring 14 days after initial
release. The tritium first reached Pembroke, 60 km
from NPD, 16 days after release.

3.16 URANIUM 234/URANIUM 238 ACTIVITY RATES - G.M. Milton,
University of Waterloo and R.M. Brown

Study has continued on the WNl fracture filling
materials first reported on in December 1980. Core
samples U3 and Ul (calcite-hematite and chlorite-
calcite, respectively) were subjected to a series of
leaches: 1M CsCl, 1M HCl, and aqua regia, which were
subsequently analyzed for uranium.

The measured U concentrations were so low that
the observed progressive reduction in activity ratios
(A.R.) could be explained by increasing dissolution of
host rock. Consequently an attempt was made to separate
some of the filling material of U5 and Ull (calcite-
hematite, and chlorite-hematite) from the host rock.
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These scrapings were given separate but identical
treatment as the remaining "in situ" fillings.
Table 3.16.1 indicates the small differences
observed. Thorium analyses were also carried out
on several samples. Tentative estimates of the ages
of the filling material from the 234u-230ih ratios so
obtained are presented in Table 3.16.2.

TABLE 3.16.2

Sample Estimated Age

U3 - 1M HC1 35,000 years

U5 - separated calcite

a) 1M CsCl 85,000 years
b) 1M HC1 256,000 years

The discrepancy between the two estimates for the
U5 filling may reflect a surface deposition of a
younger calcite (similar to that observed in U3)
or result from exchange with groundwaters in contact
with this surface layer. (Present-day A.R. in waters
collected at 133 m depth = 3.04, U-Th estimated age
*v» 3000a.). Accelerator l*c measurements on calcite
from U5 and U2 indicate ages > 35,000 years.

3.17 ENVIRONMENTAL IMPACT ASSESSMENT

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

3.17.1.1 Chemical Pit Plume

A draft report documenting the hydrogeology,
general groundwater chemistry and tritium distribu-
tion in and around the subsurface contaminant plume
from the chemical Pit, has been completed. A second
report, in association with E.L. Cooper, j.o. McHugh
and D.R. Champ, discusses the distribution and
behaviour of "Oco in the study area and is also in
draft form.

Average groundwater flow velocities down-
gradient of the Chemical Pit calculated from hydro-
geologic data range from 0.28 to 0.44 m.d"1. Minimum
subsurface residence times for non-reactive contaminants
range from just under 4 months to 18 months, depend-
ing on position in the/plume. General groundwater
flow directions predicted from hydraulic head distri-
butions agree well with the overall contaminant plume
configura*-'on. Head measurements in individual



TABLE 3 .16 .1

Sample

U3

Ul

US

Ull

a)

b)

a)

b)

•in situ1

separated
material

•in situ1

separated
material

Depth

40.

46.

133

458.

(m)

4

6

3

2.

2.

2.

2.

•v 1

1.

A.R

0

5

3

2

±

±

±

±

05±

1M CsCl*
.

• 2.

.34

.2

.3

.14

U content
(approx.)

.5

.2

.8

.2

.1

.2

ug

ug

ug

ug

ug

ug

i.

3.

2.

2.

1.

1.

A.R

9 ±

2 +

0 ±

2 ±

1

25±

1M

.04

.17

.02

.1

.1

HC1*
U content

18 ug

8 ug

70 ug

8 ug
(complete
dissolution]

10 ug

1.3pg

1

2

1

1

1

aqua
A.R.

.8 ±

.2 ±

.04±

.09±

.0 ±

.04

.15

.01

.02

.2

regia
U content

17

13

16

50

2

ug

ug

ug

ug

ug

* 1M = l mol.i,"1
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piezometer nests (collected at 0.5 m vertical intervals)
show complex vertical flow patterns that can generally
be correlated with observed stratigraphy. Three-
dimensional digital modelling will be required to improve
flow-path predictions.

The subsurface inventory of Co in the Chemical
Pit plume has been extended to all contaminated areas
outside the disposal compound. Radiocobalt sorbed to
aquifer sediments is estimated to total 22 TBg (10 Ci),
while dissolved 60co is estimated to be 0.5 TBq (0.2 Ci)
at the time of sampling. Desorption tests on contaminated
sands indicate that most °0co will be retained by the
solids for at least several half-lives, unless large
amounts of complexing agents are disposed of in the
infiltration pit. Inventories of dissolved *>0co will
change rapidly in response to waste water inputs.

3.17.1.2 Perch Lake Swamp Survey

Drilling of the 5 remaining boreholes needed to
complete the 120 m (400 ft.) grid has just restarted.
All other multilevel samplers have been sampled and
analyzed for tritium and anions. Cation analyses of
the 240 samples are being provided by General Chemistry
and are partially complete. Selected multilevel samplers
have been re-sampled to provide field determinations
of Eh and pH and for complete major ion analysis.
Tritium distribution appears to be very similar to that
observed in the 1971 survey, but with maximum specific
activities reduced by about an order of magnitude. Of
the measured anions, sulphate and chloride show greatest ,
variation, both ranging from less than 1 to over 25 ng.mL .
Although some general trends are indicated, major and
apparently erratic concentration changes are observed
over 1 m intervals in several boreholes. Some limited
fill-in drilling is planned for the area this winter.

3.17.1.3 Tracer Test Site

Eight continuously cored boreholes have been
completed and instrumented with piezometers on the
southwest side of Twin Lake. The fine to medium sands
encountered on the east side of the lake in earlier
drilling dominate the stratigraphy of the recent bore-
holes, and appear to form a relatively simple and
laterally extensive aquifer. With average groundwater
flow velocity estimated to be 0.45 m.d-1 from limited
hydraulic head and permeability data, the site appears
to be a good candidate for a large-scale tracer test.
Although the site will not allow the study of tracer
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behaviour during discharge to a lake, partial re-
charge of the aquifer from Twin Lake may simplify
injection of tracers and allow study of flow be-
haviour in an area of predominantly vertical movement.
A report outlining plans, objectives, and general
characteristics of the potential site was presented
to the 11th Waste Management Information Meeting.

3.17.1.4 Waste Management Area C

After discussions with D.H. Charlesworth and
D. Howden, a conceptual design for an impermeable
cover for Area C has been submitted to the Environmental
Authority. The proposed design would employ a
synthetic membrane and features a run-off collection
system that would allow direct assessment of the
effectiveness of the cover.

3.17.1.5 External Contracts

Field experiments to test the effectiveness
of the "wick effect" cover at the Tank Farm were run
in June. Final results of the testing and of other
infiltration studies have not yet been received from
the University of Waterloo Research Institute.

In a contract funded jointly with Ontario
Hydro, an apparatus was designed and lab-tested by
the Department of Earth Sciences, University of
Waterloo, and field-tested at CRNL. Although the
proposed procedures for measuring distribution co-
efficients of radionuclides in soil "in situ" are
conceptually sound, the equipment proved to be no
match for field conditions. Repeated breakages and
the inability to correctly install one tester have
prevented any successful measurements of tracer 85Sr
distribution coefficients in the field. The equipment
has been returned to Waterloo for modification and
further field testing at Ontario Hydro's Bruce site.

3.17.2 Groundwater-Contaminant Flux to Surface Waters and
Behaviour of Radionuclides in Surface Waters

3.17.2.1 General Objectives - D.R. Lee

The purpose of this work is to understand
radionuclide transport into, and distribution within,
surface waters. This goal is being sought through
field and laboratory experiments and research con-
tracts .
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3.17.2.2 Biodiscrimination of Radionuclides in Aquatic Food
Webs - D.R. Lee and S.J. Welch

Approximately one half the samples of fish
flesh collected last summer were processed and
counted for radioactivity.

3.17.2.3 Groundwater-Contaminant Flux to Surface Waters:
Field Studies - D.R. Lee and S.J. Welch

The project "Bedrock-groundwater/Lake-connection"
is continuing. The purpose of the project is to
develop and test methods to be used in characterizing
the discharge end of groundwater flow systems around
potential repository sites. It may also locate dis-
crete fractures for future empirical tests of flow
through fractured media and for studies of sorption-
desorption phenomena for critical radionuclides in
fractured rock.

A proposal for additional funds to support
continued work was approved 1981 September.

Rock core from four 61 m vertical holes,
drilled around the periphery of Maskinonge Lake in
February 1981 were logged with respect to rock type.
CR14 consisted mainly of biotite quartz feldspathic
gneiss to granitic gneiss with some granitic peg-
matite. CR15 consisted of alternating layers of
gabbro and granitic pegmatite. CR16 and CR17 con-
sisted mainly of biotite quartz feldspathic gneiss
to granitic gneiss with minor amounts of granitic
pegmatite and gabbro.

Borehole CR15 was tested for hydraulic conduc-
tivity. Nineteen 3-m-long test intervals had con-
ductivity values ranging from 10~9 to 10~4 cm/s.

Three boreholes (CR14-16) were instrumented
with multilevel piezometers. Bach borehole was
equipped such that 3 piezometric intervals and 1
watertable interval could be monitored. CR17 was
equipped only with a single standpipe due to an
earlier problem with equipment jammed in the borehole.
Hydraulic head conditions in the monitoring intervals
showed, in general, that the potential for flow was
lakeward. The only clear exception to this condition
is the deepest interval in CR16 near the plant road,
where the elevation head is below the lake leve],
possibly a condition reflecting the lower head of
the surface waters south of the plant road.



3.18

- 49 -

The first trial of water-level monitoring and
lake-level lowering is in progress. Preliminary re-
sults suggest that the technique will be useful in
determining connections between water in the bedrock
near lakes and lakes themselves.

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

TLD's placed at the perimeter of the CRNL ex-
clusion area (see Fig. 3.18.1) are used to measure mean
exposure rates and the annual integrated exposures.
Results in Table 3.18.1 give the sum of contributions
from CRNL and natural gamma radiation.

TABLE 3.18.1 TLP Gamma Exposure Rates in Public Areas
Second Quarter 1981 (pR*7hT

Location
(see Figure 3.18.1)

1
2
3
4
5
6
7
8

1 3 2Harrington Bay
Deep River

Second Quarter
1981

12.4
4.6
2.7
4.6
3.2
3.7
3.7
5.5.
7.5*
6.4
2.7

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*
6.8
4.9

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

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

October 2, 1978 to October 3, 1979

4October 3, 1979 to October 7, 1980

5October 7, 1980 to July 2, 1981

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

3
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3.19 OFF-SITE MONITORING - 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 spectro-
metrically for 1 3 7Cs 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 9°Sr. The results are shown in Figure
3.19.1

3.20 LIQUID EFFLUENT MONITORING - E.L. Cooper, D.E. Clegg,
G. Lahaie, L.A. Mask and H.M. McLaughlin

At CRNL, three liquid effluent streams dis-
charge radioactivity to the Ottawa River from the
inner area. They are the Process and Sanitary Sewers
plus the 04 Storm Sewer combined with 04A seepage.
Each of these is sampled regularly and analyzed for
individual nuclides. The mean daily release from
the Process Sewer is given in Table 3.20.1 for the
2nd quarter of 1981. Most of the radionuclides
are measured by gamma ray spectrometry.

TABLE 3.20.1 Mean Daily Release from Process Sewer
Second Quarter 1981

Radionuclides

90
137
144

Sr
Cs

106
140
131

*Ce
Ru
Ba

239NO95Np

54Zr
46
59
65
60

Mn
Sc
Fe
Zn
Co

Daily
mci/d

0.7
4-
6
2
19
17
20
15
5
5
5
5
4

Release
MBq/d

26
148
222

£ 74
703
629
7.40
555
185
185
185
185
148

Percent of DRL*

5.8 x 10
5.1 x 10
1.1 x 10

< 2.5 x 10
5.0 x 10
1.5 x 10

1.3
1.7

-4
-2
-3
-4
-4
-2

7.6 x 10_-5
2.8 x 10
1.6 x 10

x 10
x 10

6.0 x 10
1.0 x 10

-4
-4
-4
-3
-2

DRL = Derived Release Limit. DRL values in mCi/d
have been calculated from the DRL's given in AECL-
7243+

+.
'Atomic Energy of Canada Limited, Report AECL-7243
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Perch Creek (see Fig. 3.18.1)t draining Perch Lake
and the Waste Management Areas, also flows into the
river and is sampled regularly. The total amount of
radioactivity discharged from CRNL per day is calculated
from the measured flow rates and radionuclide concentra-
tions in individual streams (Fig. 3.20.1). The plutonium
values represent 239pu plus 240pu.

Starting in 1980 the plutonium discharges
(Fig. 3.20.1) are expressed in terms of activity per
day rather than mass per day. Since 239pu an(j 240pu

cannot be distinguished by alpha spectrometry and the
two isotopes have different half-lives, it is more
meaningful to express the release rate in terms of
activity. Comparison with previous release rates can be
achieved by applying the conversion: 1 mCi = 16.3 mg
(1 mCi = 37 MBq) for 2 3 9Pu.

3.21 WASTE MANAGEMENT AREAS - 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 Fig. 3.18.1). Most samples were
combined and analyzed monthly for 3H as well as quarterly
for gamma-emitting radionuclides and 90sr. Strontium-90,
60co and 3H are still the main contaminants in the Perch
Lake basin.

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

Shielded (indoor) and unshielded (outdoor) gamma
ray exposure rates in the CRNL exclusion area are given
in Table 3.22.1. The reduction in exposure rates ob-
served in Building 513 is due to shielding from 35 cm
of concrete in the floors above the detector.

TABLE 3.22.1 TLD Gamma Exposure Rates in Exclusion
Area1, Second Quarter 1981 (nR*/h)

Location Second Quarter 1979 1980
(see Fig. 3.18.1) 1981 Average Average

9 , 32.1 30.5 31.0
10 (office) 11.9 13.2 13.0

11 10.5 12.5 12.0
163 8.7 10.2 11.2

(Footnotes are on the following page)
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TABLE 3.22.1 (Cont'd)

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

2First floor office in Building 513. Shielding factor
for 41 AT 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

3.23 STUDIES OF THE BEHAVIOUR OF COBALT AND ACTINIDES IN
THE ENVIRONMENT - E.L. Cooper, J.O. McHugh and D.E. Clegg

3.23.1 Speciation Studies of Radionuclides in Groundwater

A report on the collaborative work performed
with R.M. Cassidy and S. Elchuk, of General Chemistry
Branch, on the determination and speciation of trace
metals in groundwaters has been completed and submitted
to Analytical Chemistry.

Methodology previously developed to study Co
behaviour in groundwater has been applied to actinide
speciation. By addition of a tracer quantity of 2 3 6Pu
to groundwater, exchange of Pu tracer with the contaminant
239,240pu (previously determined to be mainly in anionic
form) was investigated over a 6-week period. Contaminant
Pu remained predominantly anionic over the equilibration
period, whereas 236pu w a s initially cationic but showed
approximately equal amounts of anionic and cationic forms
at the end of the experiment. This resistance of con-
taminant Pu to tracer exchange was removed by ultra-
violet irradiation. Anionic Pu species were also re-
moved by this treatment, which may signify that that a Pu-
organic interaction, destroyed by U.V., plays a role
in Pu speciation. These results show some similarities
to 60co speciation in groundwater (see previous progress
reports for more details). Some of the Pu in solution
(roughly 50%) was retained above a 1000 m.w. cutoff
ultrafilter, hence the presence of colloidal material
cannot be ruled out.

Details of a study of radionuclide speciation
in groundwater, including some of the above work.
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will be presented at a Workshop on Analytical chemistry
Related to Canada's Nuclear Industry, St. Jovite, Quebec,
1981 October 19-21.

3.23.2 Development of Methods for the Determination of Actinide
Concentrations in Environmental Samples - E.L. Cooper,
J.O. McHugh, G. Lahaie and D.E. Clegg

The work on the development of methods for the
analysis of actinide has been somewhat slower during
the past quarter due to the pressures of other work.
However, work on the coprecipitation method of source
preparation is continuing and a method for analysing
ashed sap samples for actinides has been tested and
applied to some of the 1980 sap samples.

3.24 STUDIES OF RADIOACTIVITY IN TREES - E.L. Cooper,
J.O. McHugh, G. Lahaie and D.E. Clegg

3.24.1 Uptake of Radionuclides by Birch and Maple Trees

Nuclide species present in precipitation after
falling through the canopy of contaminated trees in
the East Swamp have been monitored by their affinity
for anionic and cationic exchange resins. Nuclides
leached from arboreal tissue by rain could contribute
to migra* on of contamination from waste management
areas in ..unoff, etc., particularly if present as mobile
anions.

Little leached activity of 1 3 7Cs and 60Co was
found in the throughfall and because of this, speciation
results are inconclusive. However, it may be stated
that these radionuclides when present in tree foliage
are not readily removed by precipitation.

Sap samples collected in the spring of 1981 are
currently being analyzed. Results confirm previous
findings that arboreal nuclide demand increases with
time for 6 0Co, total beta activity (mainly 90Sr + 90y)
and to a lesser extent 1 3 7Cs. Protoactinium-233, the
daughter of 2 3 7Np, has been measured at higher levels
than in previous samples, since trees sampled this year
were located near the centre of the contaminant plume,
whereas in earlier years samples were collected at the
edge of the contaminated zone. The relatively higher
levels may help when determining actinide concentrations
in the future. Low levels (< 0.5 pCi»L~l) of actinides
have been determined to date in 1980 samples.
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Control trees remote from.any waste management
area showed only low levels of fallout radionuclides
(which were also found by routine monitoring of surface
waters) . -l-37cs was roughly an order of magnitude lower
in sap from control trees than in trees tapped in the
East Swamp area. The failure to detect 13'Cs levels in
the subsurface of this wetland (partially due to eleva-
tion of gamma spectrometric background by 60co) suggests
a very low level radiocesium contamination which the trees
must concentrate to a considerable extent.

Co and Cs in tree sap are predominantly
cationic as measured by their uptake on AG1 and AG50
ion-exchange resins. This suggests that the cationic
forms of these nuclides are transported in plant fluids
and perhaps more bioavailable than any other species
present in the subsurface.

3.24.2 Sampling of Tree Sap for Tritium - E.L. Cooper, G. Lahaie,
and D.E. Clegg

The study of tritium in tree sap drawn from
aspens during the spring which was described previously
(PR-HS-8, Section 3.24) has been followed up by analysis
of soil cores taken from the same areas. The results to
date indicate that the tritium concentrations in tree
sap reflect those in groundwater in the unsaturated zone.
The attempt to use this method to determine the depth of
the root zone for trees growing over a tritium plume is
complicated because the high levels of groundwater
tritium in most locations were well below the water table.
Some trees were found to have higher concentrations of
tritium in sap, but the root zone for these trees evi-
dently extended into a nearby swamp where the tritium
plume reaches the surface. It is rather interesting
that some of the trees on sloping ground near this swamp
have markedly different concentrations of tritium in sap
taken from the uphill and downhill sides of the same tree.

3.25 BIOAVAILABILITY OF SPECIES OF NUCLIDES PRESENT IN
GROUNDWATER - E.L. Cooper and J.O. McHugh

The previous determination of radiocobalt species
availability to bush bean plants grown hydroponically in
contaminated groundwater (PR-HS-8, Section 3.25) has been
continued using a once-through flowing groundwater culture
system. This enabled nutrients and nuclides to be re-
plenished in the growth chamber as they were taken up by
plants, and was successful in that the poor development
of plant leaves observed during static culture, probably
attributable to nutrient deficiency, was absent in this
experiment.
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57 2+
g 0 Uptake of Co tracer relative to contaminant
Co (anionically complexed) in groundwater was measured

together with the bioavailability of 1 3 7Cs, 95mTc and
2**Am tracers. Concentration factors were measured
relative to the initial solution. Plant to plant uptake
varied considerably; however, the ratio of individual plant
concentration factors for 57co and 60co were more con-c n c e n r a t n f c t o c c e
stant. Approximately 4.5 times more 57co2+ than
was taken up, which corresponds reasonably well with the
ratios of the cationic fractions of the two nuclides
(% cationic 57Co: % cationic 60co = 5.1). This indicates
that cationic cobalt-60 is considerably more available
than the anionic complex in groundwater.

A report on the availability of nuclide species
to trees and bean plants has been prepared and will be
presented at the 21st Hanford Life Sciences Symposium in
October.

3.26 SURVEY OF RADIOACTIVITY IN SMALL MAMMALS LIVING NEAR THE
CRNL WASTE MANAGEMENT AREA - E.L. Cooper and A.F. Fuciarelli

A survey of radioactivity in small mammals living
near Waste Management Area B was completed. Most of the
animals were trapped near the beginning of the quarter
and were analysed for total (3 activity, 90gr ancj gamma
emitters. These analyses were completed recently and a
report is being prepared.

3.27 SPECIAL MONITORING - E.L. Cooper, G. Lahaie, D.E. Clegg,
L.A. Mask and F. Murray

During July and August the Environmental Research
Branch was engaged in two special monitoring projects
at the request of the Chalk River Environmental
Authority. The first was an investigation into the
source and nature of low levels of radioactivity which
had been discovered in the CRNL Storm Sewer system.
The outlet of this sewer system was sampled continuously
for a period of about five and one half weeks while an
upstream manhole was sampled for two weeks. Each weekday
during this period each continuous sample was collected
and analysed for total beta activity and gamma emitters.
One 15 L sample was also analysed for actinides.

A technique of using ion exchange resins held in
nylon mesh bags was developed for tracing gamma emitting
radionuclides in sewer pipes. This technique was
employed to check for the source of the contamination in
the Storm Sewer. The source was finally isolated to a
section of the system between two catch basins. A report
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of this investigation is being prepared for the Chalk
River Environmental Authority and details of the ion
exchange samplers will be presented at a Workshop on
Analytical Chemistry at St. Jovite, Quebec, in October.

The second special monitoring project involved
monitoring particulate dispersion and deposition during
the inspection of a Chemical Extraction Area exhaust
stack. Sample trays containing sticky tape were used for
this work, since this type of sampler could readily be
counted. The results have been reported in a memorandum
to the Chalk River Environmental Authority.

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

Average concentrations of tritium in streams
within the CRNL exclusion area are given in Table 3.28.1
together with the amount released during the 2nd quarter
of 1981.

TABLE 3.28.1 Tritium in Streams in the Exclusion Area

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

Second Quarter 1981

Concentration
Ci/L

0.019

0.017

0.16

0.29

5.8 2

kBq/L

0.7

0.6

5.8

11

.lxlO2

Quarterly
Ci

2.4 x 10 2

2.0

29

4.42x 102

1.3 x 102

8

1

1

4

Release
GBq

.9 x

75

.1 X

.6 x

.8 x

10 3

103

104

103

Percent of DRL1

1.0

8.3

1.2

1.8

5.3

X

X

X

X

X

io-2

lO"5

lO"3

ID"2

lO"3

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

o
Duke Stream discharges into Maskinonge Lake; all other streams

flow directly to the Ottawa River.

3., 29 SURVEY SUMMARY - E.L. Cooper

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

BARWELL, V.K. and D.R. LEE. Determination of
Horizontal-to-Vertical Hydraulic Conductivity
Ratios from Seepage Measurements on Lake Beds.
Water Resources Research, 17(3):565-570, June
1981.

BUIKEMA, A.L. Jr., J.G. GEIGER and D.R. LEE. Daphnia
Toxicity Tests. Aquatic Invertebrate Bioassays,
ASTM-STP-715. A.L. Buikema and J. Cairns, Jr.
(Eds.), American Society for Testing and Materials,
48-69, 1980.

PICKENS, J.F., R.E. JACKSON, K.J. INCH and W.F. MERRITT.
Measurement of Distribution Coefficients Using a
Radial Injection Dual-Tracer Test. Water Resources
Research, 17(3):529-544, June, 1981.

3.31 VERBAL PRESENTATIONS

3.31.1 Presented Papers

KILLEY, R.W.D. Long-Term Strontium-90 Behaviour in
a Sand Aquifer (Poster Session). IAEA/CEC/NEA Int.
Symposium on Migration in the Terrestrial Environment
of Long-Lived Radionuclides, Knoxville, Tennessee,
U.S.A., July 26-31, 1981.

KILLEY, R.W.D. A Largv-Scale Tracer Test in Porous
Media: Plans and Objectives. 11th Waste Management
Information Meeting, WNRE, September 24-25, 1981.

3.31.2 Lectures and Seminars

BARRY, P.J. Environmental Aspects of Nuclear Power
Air Pollution Control Association (Ontario Section)
Conference on the Interaction of Energy and Air
Pollution, Muskoka Region, September 13-15, 1981.

CHAMP, D.R. Environment and Man. Radiation Protection
Course, CRNL, September 28 - October 2, 1981.

COOPER, E.L. Environmental Radioactivity. Radiation
Protection Course, CRNL, September 28 - October 2,
1981.
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OPHEL, I.L. Effect of Fallout on Fisheries.
Department of Fisheries and Oceans Annual
Fisheries Emergency Control Training Course,
Arnprior, Ontario, September 29, 1981.

3.31.3 Local Talks

LEE, D.R. Progress Report on Lake Maskinonge
Project. Presented to CRNL site visitors from
Applied Geoscience Branch, WNRE, September 3, 1981.

3.32 INVITED SPEAKERS

BATLEY, G.E., Australian Atomic Energy Commission,
Lucas Heights, N.S.W., Australia. "Studies of
Heavy Metals in Waters of the Uranium Mining
Regions of Australia", CRNL, July 21, 1981.

FIREMAN, E.L., Smithsonian Astrophysical Observatory,
Cambridge, Massachusetts, "l^c Dating of Antarctic
Meteorites and Ice Cores", CRNL, August 27, 1981.

SCHWARZER, K., Institut fur Nukleare Sicherheitsforschung,
Julich, W. Germany, "Migration of Highly Concentrated
Radionuclide Solutions in Water Saturated Soil",
CRNL, August 7, 1981.
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4. RADIATION BIOLOGY BRANCH

by

D.K. Myers

4.1 Staff

4.2 Aims of the Branch

4.3 Detection of y-Radiation and Neutron Radiation Damage and Repair in Human
Peripheral Blood Lymphocytes

4.4 Heat Shock Induction of Radiation and Thermal Resistance in Yeast

4.5 Modified Bases in Yeast DNA

4.6 Analysis of Pyrimidines in Bacteriophage T4 by Ion-Exclusion High
Performance Liquid Chromatography (HPLC)

4.7 Low Dose-Low Dose Rate Genetic Studies in Yeast

4.8 Photoreactivation of 5-hydroxymethylcytosine-Containing and Cytosine-
Containing Dimers in Bacteriophage T4

4.9 In Vitro Cellular Hypersensitivity to N-Methyl-N'-Nitrosoguanidine in a
Gardner Syndrome Family

4.10 DNA Repair Capacity of Strains From A Cancer-Prone Family with In Vitro
Radioresistance

4.11 Abnormal Radioresponse and Bleomycin Sensit iv i ty in Fibroblast Strain
Derived from Patients with Nevoid Basal Cell Carcinoma Syndrome

4.12 Studies on the Effects of Aphidicolin on y-Irradiated Normal Human
Fibroblasts: Toxici ty, DNA Synthesis and DNA Repair

4.13 Dose Rate Effects on Radiation-Induced Death of Spleen and Thymus Cells

4.14 Assessment of Radiation Hazards to Human Populations

4.15 A Comparative Study of Carcinogenesis by Different Types of Ionizing
Radiation

4.16 Follow-up of Past CRNL Employees

4.17 Publications

4.18 Verbal Presentations
4.18.1 Lectures or Seminars
4.18.2 Local Talks

4.19 Invited Speakers
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Branch Head - D.K. Myers

Biochemistry of DNA and RNA
H.C. Birnboim

Radiation Damage in Cell Walls
and Membrane
R.E.J. Mitchel

Enzymatic Repair of Radiation
Damage to DNA
N.E. Gentner

DNA Repair in Cultivated Human 1
M.C. Paterson
N.T. Bech-Hansen1
P.J. Smith1

Assistants:

Assistant:

Assistant:

Cells
Assistants:

Secretary:

DNA Replication and Repair in Fungi
P. Unrau

D.P. Morrison

Bactenophage T4 Genetics
J.D. Childs

Radiation-Induced Tumors
D.K. Myers
N.J. Gragtmans3

Branch Secretary
B.C. Gillies

Animal House Supervisor
M.A. Jones'*
B.A. Ruhnke

Laboratory Attendant
J.W. Murphy5

Assistants:

Assistant:

Assistant:
Clerk:

J.J.
A.G.

K.M.

L.D.

D.A.
P.A.
S.J.
B.P.
B.M.

A.

M.C.
T.

R.

M.M.
A.

Jevcak
Knight

Baird

Johnson

Adams (ne'e Devlin)1

Knight
MacFarlane1
Smith
Zohr (ne'e Sell)

Stewart2

Wolfgram
Kami 1 ton

Pi Ion

Werner
Lemke2
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Attached Staff under contract with the U.S. National Cancer Institute Contract
No. N01 81002 (REP No. NCI-CP-FS-81002-65).

2Part-time staff.
3Attached Staff, on Temporary Contract from 1980 September 08.

••Retired 1981 August 10.

transferred from Office Services Branch 1981 August 17.

Summer Students

Linda C. Hynes, University of Toronto, working with D.K. Myers, reported for work
1981 May 25. Employment extended until 1981 October 09.

Jennifer K. Lambert, University of Alberta, working with R.E.J. Mitchel and
D.P. Morrison, terminated on 1981 August 14.

Deborah A. Lemaire, Canadore College, working with P. Unrau and N.E. Gentner,
terminated on 1981 August 21.

R.S. McWilliams, University of Ottawa, working with H.C. Birnboim and M.C. Paterson.
Employment extended until 1981 October 16.

Visiting Scientist

Dr. Govert P. van der Schans, Medical Biological Lab., Rijswijk, The Netherlands,
working with M.C. Paterson, terminated on 1981 August 14.
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4.2 AIMS OF THE BRANCH

Research in the Radiation Biology Branch is directed towards an under-
standing of the effects of ionizing radiation on l iv ing organisms, with a
particular interest in assessment of the genetic and carcinogenic hazards
of low-level radiation to human populations. Attention is given to the
entire chain of events by which the in i t ia l radiation-induced changes in
the l iv ing cell are translated into significant biological effects. The
most cr i t ica l target for damage by radiation or radiomimetic chemicals in
the environment appears to be DNA, the carrier of hereditary information
in al l l iv ing cells. The harmful consequences of this i n i t i a l damage
to DNA can be diminished 1000-fold or more by repair processes in the
living organism. An improved understanding of the DNA repair mechanism
would thus seem to be crucial for a proper interpretation of the shape
and position of radiation dose-effect curves and consequently for assess-
ment of the hazards of low-level radiation to humans and other l iving
organisms. Research activit ies in the Branch are currently focussed on
this area.

4.3 DETECTION OF -y-RADIATION AND NEUTRON RADIATION DAMAGE AND REPAIR IN
HUMAN PERIPHERAL BLOOD LYMPHOCYTES - H.C. Birnboim, R.S. McWilliams
and W.G. Cross*

The response of human peripheral white blood cells to the potent
tumor-promoting agent PMA has been studied further. PMA triggers the
"respiratory burst" in phagocytic cells, leading to the production of
the active oxygen species Oi and H2O2. We showed earlier that
extensive DNA damage results. A variety of other agents when added to
the cells can modify greatly the level of DNA damage seen. They provide
some insight into the mechanism of DNA damage, but a fuller understanding
of the steps involved will require further work.

•Health Physics Branch

4.4 HEAT SHOCK INDUCTION OF RADIATION AND THERMAL RESISTANCE IN YEAST -
R.E.J. Mitchel, D.P. Morrison, K. Baird and T. Hamilton

Me have shown previously that a heat shock induces a transient
increase in the resistance of wild type Saccharomyces cereyisiae to the
lethal effects of ionizing radiation. This increase was similar to the
increase in resistance to thermal killing induced by the same heat shock,
but appeared at a slightly earlier time after the temperature increase.
We now show that while excision defective mutants respond like wild type,
recombination deficient mutants do not display this heat shock induction
of radiation resistance, but still show induction of thermal resistance.
The maximum ability for recombinational repair was measured directly (by
gene conversion) in wild type diploids after a heat shock and war found to
increase transiently with kinetics very similar to the Increase in
survival after a single dose of radiation. Radiation survival curves of
wild type cells at various times after exposure to the elevated temper-
ature were able to resolve two populations of cells, on the basis of their
sensitivity of ionizing radiation. Following a heat shock, the proportion
of the resistant cells was increased temporarily in parallel with the
increase in radiation resistance. We conclude that heat shock induction



- 67 -

of radiation resistance in wild type dipioid yeast results from ai ir :x.
two changes, an increase in recombinational repair capacity, possiHy
associated with Gl cells, and a shift in population distribution to a
higher fraction of resistant cells. We further conclude that boat she:!;
induction of thermal resistance proceeds by an independent mechanism.

These results have been submitted for publication under the Htle
"Heat Shook Induction of Ionizing Radiation Resistance in Sacdhavom[: -••?&•
cerevisiae. Transient Changes in Growth Cycle Distribution and Rea<mbina-
tional Ability".

4.5 MODIFIED BASES IN YEAST DNA - P. Unrau and N.E. Gentner

Ion-exclusion high performance liquid chromatography (HPLC) of
HCOOH hydrolysates of deoxyribonucleosides obtained by enzymatic digestion
of Saccharomyces cerevisiae DNA (after ridding RNA from cell ex. acts by
digestion with the ribonucleases A and Tl) had revealed the presence of
a modified base tentatively identified as 5-methylcytosine (m5C) by its
elution behaviour. This identification has been confirmed by (1) co-
chromatography of this base, isolated by Aminex A9 HPLC, with authentic
m5C using a different separation principle, on paper chromatography, and
(2) the formation of thymine from this material on deamination with
NaN02/acetic acid (Wyatt procedure).

Preliminary evidence indicates that m5C deaminates more readily than
does cytosine. The product of cytosine deamination, i.e. uraci'i, can be
recognized as an abnormal base in DNA and repaired by ubiquitous urecil
glycosylases, thereby minimizing potentially mutagenic GC-*AT transitions.
The formation of thymine from nPC deamination, however, is not subject to
such recognition (thymine being a normal DNA constituent), and therefore
may constitute a mispairing "lesion" which has a very high probability of
being mutagenic. The effects of various repair systems on such altered
bases may depend on the utilization of the information encoded by these
bases to direct repair.

4.6 ANALYSIS OF PYRIMIDINES IN BACTERIOPHAGE T4 BY ION-EXCLUSION HIGH PERFORM-
ANCE LIQUID CHROMATOGRAPHY (HPLC) - N.E. Gentner, P. Unrau, J.D. Childs
and R. Pilon

The base in the DNA of wild typebacteriophage T4 that pa' ith
guanine is a modified form of cytosine - hydroxymethylcytosine %..MC) -
and is normally glucosylated. Our studies of formic acid hydrolysates
of two separate preparations of T4 DNA have revealed the presence, in
significant amounts, of both cytosine and 5-methylcytosine; each comprises
approximately 3% of the total cytosine-coding moieties. The putative
identity of both minor forms has been supported by their co-chromatography
with authentic standards on a paper chromatographic system for separation
of DNA bases. The biological role that these minor bases may play in T4
is unknown at present. We note that cytosine and 5-methylcytosine cannot
be glucosylated, and furthermore than their presence can give rise to four
more UV-induced pyrimidine dimer species (discounting the infrequent
homodimers of cytosine and 5-methylcytosine).
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4.7 LOW DOSE-LOW DOSE RATE GENETIC STUDIES IN YEAST - P. Unrau and
M.C. Wolfgram with the assistance of A. Arneja*

A coordinate irradiation study has been initiated to determine the
R.B.E.'s of 14 MeV neutrons on the Saccharomyces cerevisiae gene conver-
sion system, in comparison with 150 kJp X-rays and bUCo y-rays. Low
spontaneous level D7«52a populations are being used at doses between
2.50 and 40 Gy (250 - 4000 rads), with irradiations in both 0 2 and N2.
It is intended to decrease the dose range to 0.25 Gy (25 rads), and to study
reversion when larger suitable populations are obtained.

*Health Physics Branch

4.8 PHOTOREACTIVATION OF 5-HYDR0XYMETHYLCYT0SINE-C0NTAINING AND CYTOSINE-
CONTAINING DIMERS IN BACTERIOPHAGE T4 - J.D. Chi Ids and R. Pi Ion

Mutants of bacteriophage T4 that are unable to induce UV endo-
nuclease (denV mutants) are more sensitive, relative to wild type, to
300 - -320 run light than they are to 254 nm light. We have previously
shown that a photoproduct of 5-hydroxymethylcytosine (5 HMC) in wild
type T4 and a photoproduct of cytosine in cytosine-containing T4 may be
responsible for this enhanced sensitivity. We have also shown by indirect
methods that this photoproduct is not photoreactivable in wild type T4,
which has glucosylated 5 HMC in its DNA, but is photoreactivable in strains
of T4 thathaye either non-glucosylated 5 HMC or cytosine in their DNA.
Evidence from three sources suggest that this photoproduct is a dimer
containing 5 HMC and thymine (T). Firstly, UV endonuclease is know to be
specific for pyrimidine dimers. Secondly, we have shown that less than
6.5X of the dimers formed at 254 nm in wild type DNA are 5 HMC<>T
compared to 35% at 313 nm. Thirdly, we have shown that glucosylated 5 HMCoT
Is not photoreactivable in vitro. Furthermore, we have now shown that
non-glucosylated 5 HMCoTT in contrast, is photoreactivable. Thus, 3H
labelled non-glucosylated T4 DNA was irradiated at 300 nm which converted
4% of the pyrimidines to T<>T and 1% to 5 HMCoT. This irradiated DNA was
incubated with purified photoreactivating enzyme (photolyase) from
Streptomyees griseus in the presence of white light. Within 30 minutes
over 90% of both T<>T and 5 HMCoT were converted from dimers to monomers.
The same experiment was perfonned using cytosine-containing T4 DNA and
"s expected over 90£ of C<>T was also converted to monomers within 30
nutes. Jn both cases the rate of conversion of 5 HMCoT and C<>T appeared
i be slighY!y slower than the conversion of T<>T to monomers. It is

.'ke'y the glucose groups prevent binding of photolyase to dimers and this
prevents photoreactivation.

4.9 IN VITRO CELLULAR HYPERSENSITIVITY TO N-METHYL-N'-NITRO-N-NITROSOGUANIDINE
IN A"""GA"R"DNER SYNDROME FAMILY - M.C. Paterson, B.P. Smith, A.J. Krush* and
E.A. McKeent

Since endogenously produced N-nitroso compounds are' implicated as
causative factors in the development of colon cancer, we assayed in vitro
sensitivity to N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) in skin
fibroblasts from six affected members of a family with Gardner syndrome (GS),
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an autosomal dominant disease with multiple colonic polyps and a high
r isk for colon cancer. Loss of colony-forming ab i l i t y was measured in
f ibroblast strains from the six GS donors and from four normal volunteers
as a function of MNNG treatment (1 h at 37°C in serum-free Ham's F12
medium). Sensit ivi ty was expressed as dose, in yM MNNG, required to
reduce survival to 10% (Dm ± SE). The response of the four controls
ranged from 6.7 ± 0.8 to 7.8 + 0.6 with a mean Di0 of 7.3 + 0.7. Four
of the six GS strains were abnormally sensitive (p<.001); their D10's
were: 2.1 ± 0.8 for GM3314 [female proband (P) with colon cancer]; 3.9 +
0.1 for GM3944 (sister of P); and 3.8 ± 0.6 and 2.8 ± 0.9 for GM3946 and
GM3948, respectively (daughters of P). The two remaining GS strains,
GM3223 and GM3954 (sons of P), displayed normal inact ivat ion, yielding
D10's of 7.3 ± 0.4 and 6.8 + 0.7. Thus, hypersensitivity to N-nitroso
compounds may be an in_ v i t ro expression of the mutant GS gene and may
be instrumental in the in vivo development of neoplasia. Inasmuch as
elevated chemosensitivity was seen in cultures from affected females but
not males, i t is tempting to speculate that , in this GS family at least,
this var iab i l i t y in in v i t ro expression of MNNG sensi t iv i ty may arise
from a sex-limited modifying factor.

*Johns Hopkins Hospital, Baltimore, Md, 21229
tNational Cancer Institute, Bethesda, Md. 20205

4.10 DNA REPAIR CAPACITY OF STRAINS FROM A CANCER-PRONE FAMILY WITH IN VITRO
RADIORESISTANCE - N.T. Bech-Hansen, B.M. Zohr and M.C. Paterson

We previously reported on the transmission of an unusual radio-
resistance response among members of a large cancer-prone family
(Lancel i: 1335, 1981). Such a phenotype might be the result of some
error-prone DNA repair process or some cell cycle perturbation. We now
have assessed the DNA repair capacity of several strains derived from
members of this family and find that strains showing the radioresistance
have the same level of DNA repair replication as strains from related
and unrelated control strains. It is possible that the quality of the
repair replication is different but before analyzing this possibility
we are investigating the cell cycle parameters of these strains.

4.11 ABNORMAL RADIORESPONSE AND BLEOMYCIN SENSITIVITY IN FIBROBLAST STRAIN
DERIVED FROM PATIENTS WITH NEVOID BASAL CELL CARCINOMA SYNDROME -
N.T. Bech-Hansen

The nevoid basal cell carcinoma (NBCC) syndrome is inherited as an
autosomal dominant disorder. The syndrome is characterized by multiple
skeletal abnormalities, multiple jar cysts and an early onset of
multiple basal cell carcinomas of the skin during childhood. Twenty
percent of the affected children also develop medullablastoma. There are
conflicting reports in the literature concerning the in vitro mutagen
sensitivity of fibroblast strains from patients with NBCC syndrome. We
have investigated a strain (AG3499) derived from the proband of an
extensive family with the NBCC syndrome and find it to be hypersensitive
to y-ray and to bleomycin treatment in our colony-forming-ability assay.
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A strain (GM2138) from another individual with NBCC syndrome was also
hypersensitive to Y-radiation (bleomycin response is pending). Mutagen
sensitivity may be a useful in vitro marker of the NBCC syndrome and the
basis of such sensitivity in these strains is currently being pursued.

4.12 STUDIES ON THE EFFECTS OF APHIDICOLIN ON y-IRRADIATED NORMAL HUMAN
FIBROBLASTS: TOXICITY, DNA SYNTHESIS AND DNA REPAIR - P.J. Smith,
D.A. Adams and M.C. Paterson

Aphidicolin (APC) is a tetracyclic diterpenoid obtained from
Cephalosporium aphidocola. This antibiotic has been reported to inhibit
specifically (invitro) the polymerase a of animal cells - which by all
evidence is the replicative enzyme for chromosomal DNA rather than the
polymerases Band y which are most likely involved in repair of nuclear
DNA and in mitochondrial DNA synthesis, respectively. However, it has
been reported that APC induces a moderate level of chromatid - type
aberrations in human peripheral lymphocytes and may also interact
synergistically with X-ray treatment to increase the yield of chromosome
aberrations. Thus we have studied the effects of APC on normal
fibroblasts to explore the role of DNA polymerase a in the responses
of human cells to ionizing radiation damage.

i) Cellular toxicity and inhibition of DNA synthesis:

APC toxicity (loss of colony-forming ability) was found to be
concentration and exposure dependent. The level ofinhibition of de novo
DNA synthesis was effectively maximal at each APC concentration
following 15 min exposure of cells to drug. Inhibition was concentra-
tion dependent with levels of residual synthesis being 35, 9, 7 and 5% of
control for 0.02, 0.2, 2 and 5 ug APC per mL. APC treatment conditions
of 0.2 ug per mL for 24 h, combined optimal DNA synthesis inhibition
with minimal toxicity (< 15* cell killing).

i1) v-ray survival response:

The presence of APC (0.2 yg per mL; 4, 24 or 48 h exposure) did not
significantly change the colony forming ability of Y-irradiated cells.
Thus inhibitor induced delay of DNA replication yields no survival
advantage to normal human cells unless such a process is effectively
balanced by an inhibitory action of APC on DNA repair.

iii) Repair of radiogenic lesions:

The effect of APC (0.02-5 yg per mL) on the repair of radiogenic
(500 Gy) DNA damage was studied. Over the concentration range employed
there was no significant effect of APC, during a 2 h repair period, on
the removal of DNA lesions sensitive to incising activities in an extract
of M. luteus cells (presumably base and sugar damage). Up to 0.2 ug per
mL the repai f of single-strand breaks was not affected by APC whereas at
high concentrations the residual number of breaks increased from
approximately 9.7% (control) to 12.6% ( 2 yg per mL) and 16.6% (5 yg
per mL).
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The results indicate that under conditions in which APC greatly
affects de novo DNA synthesis the drug can be shown to have no significant
effect on DNA repair or cellular recovery following y-irradiation. We
conclude that the inhibition of DNA synthesis £er_ se_, during a time period
in which the vast majority of radiation damage is repaired, is not a
sufficient condition to prevent the fixation and eventual expression of
lethal radiogenic damage in normal human cells.

Our previous findings have shown that the relationships between de novo
DNA synthesis, repair and y-ray cell killing in radiosensitive human AT
cells may be particularly important. We intend to extend our APC studies
to such cellular systems.

4.13 DOSE RATE EFFECTS ON RADIATION-INDUCED DEATH OF SPLEEN AND THYMUS CELLS -
D.K. Myers and L.C. Hynes

As indicated previously (Section 4.20 in PR-HS-8), these experiments
were undertaken to see if there was any evidence for the supposition that
radiation-induced death of lymphocytes in the spleen and thymus might be
greater per unit dose at low dose rates than at high dose rates.

Young female rats were exposed to cobalt-60 gamma radiation at dose-
rates which were varied by variations in the distance from the gamma
source and by the presence or absence of a lead attenuator in front of the
gamma source. Doses were measured by A.R. Jones and A.H. Ohno (Health
Physics Branch) using thermoluminescent dosimeters attached to the front
and back of the rat cages. Groups of five animals were killed at various
times between 1 day and 17 days after the end of the radiation exposure to
follow the initial decrease in the weight of the spleen and thymus (and
in some cases ovary) which results from radiation-inducei cell death, and
the subsequent recovery of weight due to repopulation of these tissues
with new cells derived from-surviving stem cells.

Data have been obtained for total dose of about 0.75, 1.6, 3 and
5 Gy at dose rates of 0.04 and 1.6 Gy per h. The changes in organ weight
indicated that the higher dose rates were, if anything, somewhat more
harmful than were the lower dose rates for the same total dose. When the
dose rate was decreased still further, to provide a total dose of 1.2 Gy
at 0.005 and 0.01 Gy per h, no appreciable change in organ weights was
observed; at these dose rates, repopulation of the tissues was sufficiently
rapid to compensate for any radiation-induced cell death.

Various reports in the literature suggest that certain types of cell
death involve the action of lytic enzymes from intracellular organelles
called lysosomes while other reports indicate that the action of lysosomal
enzymes can be inhibited by chloroquine in a concentration of 10 M- At

the suggestion of H.C. Birnboim, an experiment was carried out to see if
radiation-induced cell death in the spleen and thymus could be prevented
by prior treatment of the rats with chloroquine. The animals were injected
intraperitoneally with 2 mg chloroquine diphosphate per 100 g body weight
three times at 24, 20 and 1 h before exposure to 3 Gy gamma radiation.
The concentration of chloroquine was measured in acid extracts of the
thymus from differences in the optical density of these extracts at 354 and
343 nm. The average concentration of chloroquine in the thymus of
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non-irradiated animals was about 6, 6, 2.6 and 1.6 x 10"5 M,respectively,
at 0.08, 1, 2 and 3 days after the last injection; concentrations in the
thymus of irradiated animals were two times higher at 1 day after irradiation.
The chloroquine treatment failed to prevent radiation-induced cell death in
the spleen and thymus.

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

The major effort in this area during the past quarter has been devoted
to review and discussion of documents for the AECB Subcommittee on Risk
Estimates and to following the implications of new dosimetric data on
radiation doses received by the survivors of atomic bomb explosions at
Hiroshima and Nagasaki. A paper entitled "Review of Epidemiologioal Studies
on Hazards of Radon Daughters" was prepared in collaboration with
Drs. C.G. Stewart (Deep River) and J.R. Johnson (Biomedical Research Branch).
This paper will be presented in Colorado at the International Conference
on Radiation Hazards in Mining.

4.15 A COMPARATIVE STUDY OF CARCINOGENESIS BY DIFFERENT TYPES OF IONIZING
RADIATION - N.J. Gragtmans, D.K. Myers and L.D. Johnson

Earlier reports (Section 4.17 in PR-HS-6 and Section 4.17 in PR-HS-7)
outlined the use of mammary tumor induction in female Sprague-Dawley rats
for this study and the treatment of the 13 groups of rats involved.
Initial uncertainties concerning the accuracy of tritium standards for
scintillation counting (PR-HS-6) were resolved by assays on a new standard
obtained from the U.S. National Bureau of Standards, which confirmed the
accuracy of the standards supplied by other branches at CRNL.

Analyses have now been completed on tissues from 39 rats that were
sacrificed in groups of three at various times up to 103 days after the
last injection of tritiated.water (HTO) and on more than 400 urine samples
that were collected at various times up to 250 days after the last
injection. Four groups of rats involving four different levels Of HTO were
involved in these studies. The tritium levels in the tissues and in the
urine reflected closely the different levels of HTO injected; for greater
accuracy in fitting the data to straight lines by linear regression analysis
on a graph of log concentration versus time, the data from all four groups
of animals were usually combined after they were normalized to a level of
44.4 MBq (1.2 mCi) HTO per 100 g body weight for the first injection. (In
these experiments, the animals received four subsequent in.iections at two
day intervals with HTO at half the initial injection level.)

The separate data on tritium levels in urine could be fitted by curves
with three exponential decay components having half-lives of about 2, 4.5
and 40 days, the intercepts or initial levels at day 0 being roughly in
the ratio of 2 to 1 to 0.001, respectively. The above curve-fitting was
carried out by S. Steel of the Biomedical Research Branch. A simpler
analysis by linear regression method yielded similar results; the
combined, normalized data on tritium levels in urine between 1 and 12 days
after the last injection of HTO indicated an initial half-life of 2.9
days with an intercept at day 0 (i.e. the day of the last HTO injection)
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of 4.6 x 107 dpm per mL, while the data between 50 and 250 days after the
last injection indicated a half-life of 49 days with an intercept at day 0
of 2.5 x 101* dpm per mL urine. The intercept at day 0 is about 70% higher
than expected for 44.4 MBq HTO evenly distributed throughout 100 g of
total body mass. Based on a small number of samples in which tritium was
measured in both the urine and the blood serum from the same animals, the
average concentrations in urine were exactly equal to those in blood serum.

Concentrations of tritium in the acid-soluble extract (primarily tissue
water) from liver and kidney could not be measured as reliably as those
in urine or serum but appeared to show a similar value for initial half-life
and to extrapolate back to a level of about 3.5 x 107 dpm per g fresh weight
of tissue at day 0 when normalized in the same manner. By comparison, the
total non-exchangeable tritium bound to organic material appeared to be
about 9.4 x 105 and 7.8 x 10 s dpm per g fresh weight of liver and kidney,
respectively, at the time of the last injection; i.e., less than three
percent of the total tritium in the tissue at this time was firmly bound
to organic material. By 40-50 days after the last injection, more than
half the residual tritium in these tissues was bound to organic constituents;
however, the residual contribution to the total dose should be relatively
small. Further data on organically bound tritium in liver and kidney are
summarized in Table 1; there were no major differences in the results for
these two tissues.

Table 1. Tritium content of organic constituents in rat liver and
kidney, normalized to 44.4 MBq HTO per 100 g body weight
at the first injection.

Tissue fraction

Lipid

RNA

DNA

Residue
(protein, etc.)

Time after last
injection" over
which data were
analyzed by
linear regression
method (days)

1 - 46
46 - 103

1 - 46
46 - 103

1 - 46
46 - 103

1 - 46
46 - 103

Tritium level
(10^ dpm per g
fresh weight)
extrapolated back
to day 0

Liver

40.
3.4

3.1
0.5

14.5
3.4

37.
8.1

Kidney

27.
7.7

3.9
0.3

10.
2.5

37.
10.

Half-life
(days)

Liver

8
21

7
11

11
20

8

Kidney

12
20

7
13

13
34

10
21
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Attempts were also made to measure tritium levels in the subcutaneous
tissue which contains the mammary gland. The literature on this topic
indicates that this tissue consists predominantly of fat droplets interspersed
with "islands" of glandular tissue. This was confirmed by histological
examination of the tissue in our laboratory. The fat droplets appear to
be as much as 100 ym in diameter, as compared to about 10 pm diameter for
cells in the glandular tissue. The glandular tissue is frequently (but
not always) separated from the large fat droplets by an appreciable thickness
of connective tissue. Most of the beta-rays from tritium in the fat
droplets would therefore not reach the cells of the glandular tissue, although
connective tissue cells would be exposed to some portion of this radiation.
(This situation is different from that in liver and kidney, which do not
contain large fat droplets and where lipid in the tissue forms an integral
part of the cel l . )

Immediately after the last injection, most of the tritium in the
mammary tissue was present in tissue water as would be expected. As
tritium levels in tissue water dropped to low levels with increasing time
after injection, i t appeared that most of the residual tritium (more than
95% at 46 days after injection) in this tissue was present in a tissue
fraction that was soluble in ethanol-ether, i . e . in the lipid of the fat
droplets. There was no indication that one part of this lipid was turning
over more rapidly than another portion within the first 103 days after
the last injection. When normalized to injection of 44.4 MBq HTO per 100 g
body weight, the extrapolated tritium level in this lipid was about 1.4 x
106 dpm per g fresh weight of tissue at the time of the last injection,
and the half-life for retention of tritium in the lipid was approximately
24 days.

It is anticipated that the calculation of radiation doses to the
tissue from the HTO injections will be finalized in the near future.

The number of tumors in each of the various treatment groups (about
120 animals per group), up to 195 days post-treatment is summarized below:

Treatment Number of Tumors

44 MBq HTO per 100 g 6
89 MBq HTO per 100 g 8
178 MBq HTO per 100 g 15
370 MBq HTO per 100 g 18
0.29 Gy chronic 200 kV x-rays (239 h) 3
0.57 Gy acute 200 kV x-rays (1 h) 9
0.57 Gy chronic 200 kV x-rays (239 h) 7
1.1 Gy chronic 200 kV x-rays (240 h) 8
1.78 Gy acute 200 kV x-rays (1 h) 22
2.0 Gy chronic 200 kV x-rays (240 h) 11
0.64 Gy acute Cobalt-60 gamma rays (1.2 h) 5
0.93 Gy chronic Cobalt-60 gamma rays (242 h) 0
Controls 3
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These data will be analyzed when more tumors have appeared.

Part of the financial support for the above study is being provided
by Ontario Hydro.

4.16 FOLLOW-UP OF PAST CRNL EMPLOYEES - M.M. Werner, D.K. layers and
D.P. Morrison

In the past three months most of the effort for this study has
concentrated on calculating the expected death rates for the control
population, namely the population of Ontario, for six year periods
starting in 1966. We have decided to use the census years (in Ontario,
those years ending in 6 and 1) as being the most accurate from which to
calculate the population base. The death rates per 100,000 Ontario
population, males and females, have now been calculated for neoplasms
classified by the A-code and for the other major causes of death for the
years: 1966-71, 1971-76 and 1977-78. As soon as we complete the age
distribution tables for CRNL staff (past and current), we will be able to
construct the expected death rates. The lists of deaths have been
prepared for the 5 year periods 1966-70, 1971-75 and 1976-80 so that the
observed figures can be entered at Statistics Canada with the guidance
of M.E. Smith.

The transcription of the identifying information to EIS forms from
the personnel files for past employees is now complete to surnames be-
ginning with the letter "T". M. Hani on and C. Jones of Office Services
Branch expect to be finished by the end of the year.

Mrs. Ann Lemke commenced part-time work in August to transfer the
recorded life time radiation doses to the EIS forms from the termination
records of the Health Physics Branch.

This work is part of the study of the health of AECL employees which
is being coordinated by Dr. J.L. Weeks, WNRE.

4.17 PUBLICATIONS

N.T. Bech-Hansen, W.A. Blattner, B.M. Sell, E.A. McKeen, B.C. Lampkin,
J.F. Fraumeni and M.C. Paterson - Transmission of in vitro radio-
resistance in a cancer-prone family. Lancet i: 1335-1337 (1981).

J. Cadet, M.C. Paterson and N.E. Gentner - High-performance liquid
chromatography (HPLC) analysis of cyclobutyl thymine-containing dimers
in DNA of bacterial and human cells exposed to far ultraviolet light.
Proc. 9th Annu. Meet. Amer. Soc. Photobiology, Williamsburg, Va., 1981
June 14-18, pp. 195-196 (1981) (Abstract).

J.D. Chi Ids - The effect of a change in mutation rate on the Incidence
of dominant and x-linked recessive disorders in man. Nut. Res. 83:
145-158 (1981).
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J.D. Childs and R. Pilon - Glucosylated 5-hydroxymethylcytosine-thymine
dimers are not photoreactivable. Abstracts of the 1981 Evergreen T4
meeting, p. 5 (1981).

N.E. Gentner, B. Rozga, B.P. Smith and M.C. Paterson - Induction and
repair of cyciobutyl thymine-thymine and cytosine-thymine dimers in DNA
of UV-exposed fibroblasts from normal and xeroderma pigmentosum (XP)
individuals. Proc. 9th Annu. Meet. Amer. Soc. Photobiology, Williamsburg,
Va.s 1981 June 14-18, pp. 164-165 (1981) (Abstract).

P.C. Hanawalt, B.C. Casto, R.S. Day, R.B. Painter, M.C. Paterson,
J.D. Regan, R.W. Tennant and S.S. Wallace - Scient i f ic projection paper
for molecular effects: Interactions with chemicals and viruses. In : To
Address a Proposed Federal Radiation Research Agenda: Proceedings of the
Public Meeting, Washington, 1980 March 10-11, Vol. 2, Science Projection
Papers (D.S. Fredrickson, ed.) pp. 233-253. Interagency Radiation
Research Committee, Washington (1981).

R.E.J. Mitchel - Loss of Covalently Linked Lipid as the Mechanism for
Radiation-Induced Release of Membrane-Bound Polysaccharide and Exonuclease
from Micrococcus radiodurans, Radiât. Res. 87.: 341-349 (1981).

M.C. Paterson, N.T. Bech-Hansen and P.J. Smith - Heritable radiosensitive
and DNA repair-deficient disorders in man - In "Chromosome Damage and
Repair"(NATO Advanced Study Inst i tutes Series) (E. Seeberg and K. Kleppe,
eds.), pp. 335-354, Plenum Press, New York, 1981.

M.C. Paterson, B.P. Smith, A.J. Krush and E.A. McKeen - In v i t ro hyper-
sensi t iv i ty to N-methyl-N'-nitro-N-nitrosoguanidine in a Gardner syndrome
family. Radiât. Res. 87_: 483 (1981) (Abstract).

M.C. Paterson and M.V. Middlestadt - Appearance of non-photoreactivable
sites in DNA during incubation of UV-damaged xeroderma pigmentosum
group D cel ls . Radiât. Res. 87: 483-484 (1981) (Abstract).

4.18 VERBAL PRESENTATIONS

4.18.1 Lectures or Seminars

H.C. Birnboim - DNA Strand Break Damage (DSBD) in Human Leukocytes
Exposed to a Tumor Promoter: Effect of Arachidônic Acid and Other
Agents. Presented at the International Conference on Prostaglandins
and Cancer, Washington, D.C., 1981 August 30 - September 02.

J.D. Childs - Glucosylated 5-hydroxymethylcytosine-thymine Ditners
Are Not Photoreactivable. Presented at the 1981 Evergreen T4 Meeting,
1981 August 03.

N.E. Gentner - Vis i t ing Professor for a special topic graduate course
at Concordia University, Montreal, 1981 August 24 - September 05,
en t i t led : DNA Repair. Listed as Biology 635, a four-credit course.
Twenty hours formal class lectures, ten hours of work-shop lectures.
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N.E. Gentner - Induction and Repair of Cyclobutyl Thymine-Thymine and
Cytosine-Thynrine Dimers inDNAof UV-exposed Fibroblasts from Normal
and Xeroderma pigmentosum (XP) Individuals. Presented at 9th Annual
Meeting of the American Society for Photobiology, Williamsburg, Va.,
1981 June 14-18.

N.E. Gentner - Carcinogenic Potential of Various Energy Sources. Presented
at session on Risk Analysis Studies Comparing Different Energy Sources of
the IAEA/WHO/UNEP International Symposium on Health Impacts of Different
Sources of Energy, Nashville, Tennessee, 1981 June 22-26.

P.J. Smith - Invited Speaker at Gordon Research Conference on Chemotherapy
of Experimental and Clinical Cancer: Variability in the Responses of
Human Cells to DNA Damage: Clues from Rare Genetic Disorders. Plymouth .
State College, N.H., 1981 July 27-31.

4.18.2 Local Talks

J.D. Childs - Mutagenesis and Carcinogenesis. 23rd Annual Radiation
Protection Course, CRNL, 1981 September 28.

J.D. Childs - Photoreactivation of Dimers in T4. CRNL, 1981 July 16.

N.E. Gentner - The Origin and Evolution of Life. CRNL Summer Student
lecture series. Presented 1981 July 30.

N.E. Gentner and P. Unrau - Research on Radiation Damage and Repair.
Presented at CRNL 1981 August 21 to students in Prof. Gaertner's
ecology class, Concordia University.

N.E. Gentner - Interviewed by D. Brown, Media Relations Officer at WNRE,
for preparation of radio "spot" programs.

R.E.J. Mitchel - Biological Effects of Radiation. 23rd Annual Radiation
Protection Course, CRNL, 1981 September 28.

D.K. Myers - Health Effects (Benefits and Hazards) of Radiation. Summer
Student lecture, CRNL, 1981 July 17.

P.J. Smith - Melanoma: Immunity, Genes and Environment. Presented at
CRNL, 1981 August 13.

M.M. Werner - A Progress Report on the Follow-up of Past CRNL Employees
for the Health Study. Presented to Radiation Biology Branch, 1981
September 17.

4.19 INVITED SPEAKERS

Dr. Peter Raaphorst, Whiteshell Nuclear Research Establishment, Pinawa,
Manitoba: Effects of Hyperthermia and Radiation on Cell Killing, Genetic
Control and Oncogenic Transformation in Cultured Mammalian Cells, 1981
September 23.
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5. BIOMEDICAL RESEARCH BRANCH

by

J.R. JOHNSON

5.1 STAFF

5.2. BIOASSAY LABORATORY

5.2.1 Bioassay Analyses Tables

5.2.1.1 Personnel of CRNL
5.2.1.2 Personnel of Commercial Products
5.2.1.3 Personnel of Other Organizations
5.2.1.4 Environmental and Process Sample Analyses
5.2.1.5 Distribution of Tritium Exposure at CRNL

5.3 IN VIVO MONITORING

5.3.1 In Vivo Monitoring: Table

5.4 RADIOCHEMICAL SEPARATIONS

5.4.1 Chlorine-36

5.4.2 Technetium-99

5.4.3 Actinide Analysis

5.4.4 Tritium Analysis

5.5. METABOLIC STUDIES

5.5.1 Carbon

5.5.2 Technetium Retention

5.6 METABOLIC MODELS AND INTERNAL'DOSIMETRY

5.6.1 Revision of AECL-6540

5.6.2 CSA Standard on Routine Releases of Radioactivity to the
Environment

5.6.3 NEA Group of Experts on Radon and Thoron Daughter Dosimetry
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5.7 PAPERS, REPORTS, PRESENTATIONS

5.7.1 Papers

5.7.2 Reports

5.7.3 Lectures
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5.1 STAFF

Branch Head

Secretary

Professional

Technical

L.A. Kaden

J.R.
G.H.

Johnson
Kramer

B.F. Peterman

D.F. Autayo
P.C. Beaulieu (Temp.)
I.M. Christie
D.W. Dunford
S.E. Gardner (Mat. Leave)
A. Hesketh

Clerical M. Gresham (Part-time)

Co-op Student H.C. Chin,

University of Waterloo

5.2 BIOASSAY LABORATORY - J.R. Johnson

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 and 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.

6) a-emitting actinide analyses include plutonium, thorium,
americium, curium, as well as actinium.
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7) M isce l laneous ana lyses i n c l u d e d " C , 3 Z P , 3 6 C 1 , S 3 N i ,
8 S Sr and N t

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.

5.3 IN VIVO MONITORING - J.R. Johnson

5.3.1 In Vivo Monitoring Table - Table 5.3.1

5.4 RADIOCHEMICAL SEPARATIONS - G.H. Kramer

5.4.1 Chlorine-36

This work is now complete. The optimum sample size for
routine analysis is 100 mL of urine. The sample is wet ashed;
(dry ashing will result in all the chlorine being lost), and
is first treated with aqueous ammonia in the presence of iron
and calcium carriers. This step removes all the phosphates and
many unwanted cations. After a pH adjustment, the sulphates are
precipitated by the addition of barium. It was found necessary
to remove the sulphates and phosphates prior to analysing for
chlorine-36 because cross-contamination studies indicated a
significant presence of sulphur-35 and phosphorus-32 in the
final analyte, if they are present in urine. Chlorine-36 is
isolated as a silver chloride precipitate that is counted in a
sealed (saran-wrap) pla.nchet holder (see PR-HS-8). Recovery of
chlorine-36 is estimated to be 90 ± 5% with a detection limit of
3 pCi (0.1 Bq) for the routine sample with a counting time of
10 minutes, a counting efficiency of 10%, and a sample size of
100 mL.

The previous bioassay procedure was found to give a mean
recovery of 68% with a detection limit of 14 pCi (0.5 Bq).
Cross-contaminations of sulphur-35 and phosphorus-32 were also
found to be significant, when they were present.

5.4.2 Technetium-99

This method is now complete and is as described previously
(PR-HS-8). The recovery of Tc-99 is 80 ± 458 and the limit of
detection is 1.2 pCi (44 mBq) for the routine sample and with
a counting time of 20 minutes, a counting efficiency of 24%
and a sample size of 200 mL.



Table 5 .2 .1 .1

Bioassay Analyses

PERSONNEL OF CHALK RIVER NUCLEAR LABORATORIES

1981

6-emitters (2)

Tritium (3)

Iodine (4)

Y-^emitters (5)

Natural and Enriched
Uranium

a-emitting ac t in ides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

JUNE

TOTAL

293
209

475
367

49
37

354
220

27
18

11
10

1
1

1210
11

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

JULY

TOTAL

259
174

437
222

133
71

336
187

8
6

6
5

2
1

1181
7

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

AUGUST

TOTAL

248
195

305
206

40
23

281
211

5
4

4
4

1
1

884
7

Positive

Number

0
0

0
0

0

0
0

0
0

0
0

0
0

0
0

(1)

%

0
0

0
0

0

0
0

0
0

0
0

0
0

0

TOTALS

TOTAL

800
578

1217
695

222
131

971
618

40
28

21
19

4
3

3275
25

Positive

Number

0
0

0
O

0

0
0

O
0

0
0

0
0

0
0

(1)

%

0
0

0
0

0

0
0

0
0

0
0

0
0

0

OO



Table 5 .2 .1 .2

Bioassay Analyses

PERSONNEL OF COMMERCIAL PRODUCTS

1981

B-emitters (2)

Tritium (3)

Iodine (4)

Y-em1tters (5)

Natural and Enriched
Uranium

(^emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

JUNE

TOTAL

10
9

0
0

21
16

26
23

2
1

0
0

14
10

73
6

Positive

Number

0
0

-

0

0
0

0
0

.

0
0

0
0

(1)

s

0
0

-

0

0
0

0
0

-

0
0

0

JULY

TOTAL

13
12

0
0

19
16

26
24

3
2

0
0

21
14

82
10

Positive

Number

0
0

-

0

0
0

0
0

-

0
0

0
0

(1)

0
0

-

0

0
0

0
0

-

0
0

0

AUGUST

TOTAL

6
5

0
0 .

29
17

38
35

ro
ro

0
0

23
12

98
11

Positive

Number

0
0

-

0

0
0

0
0

-

0
0

0
0

(1)

%

0
0

-

0

0
0

0
0

-

0
0

0

TOTALS

TOTAL

29
26

0
0

69
49

90
82

7
5

0
0

58
36

253
27

Positive

Number

0
0

- -

0

0
0

0
0

-

0
0

0
0

(1)

0
0

-

0

0
0

0
0

-

0
0

0



Table 5.2.1.3

Bioassay Analyses

PERSONNEL OF OTHER ORGANIZATIONS

1981

B-emitters (2)

Tritium (3)

Iodine (4)

Y-emitters (5)

Natural and Enriched
Uraniu*

a-emitting actinides
(6)

Miscellaneous (7)

TOTALS

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Persons

Tests
Cases
(8)

JUNE

TOTAL
Positive

Number

(1)

JULY

TOTAL
Positive (1)

Number

NO

SAMPLES

RECEIVED

THIS

QUARTER

%

AUGUST

TOTAL
Positive (1)

Number %

TOTALS

TOTAL
Positive (1)

Number %

00
en



Table 5 .2 .1 .4

ENVIRONMENTAL AND PROCESS SAMPLE ANALYSES

1981

AECL

Tri t ium
a-emitt ing actinides
3-emitters
Y-emitters
Miscellaneous

OTHER ORGANIZATIONS

Trit ium
a-emitt ing actinides
6-emitters
Y-emitters
Urani urn

TOTALS

JUNE

320
7
0
0
2

5

334

JULY

311
0
0
0
0

0

311

AUGUST

316
6
0
0
0

0

322

TOTALS

947
13

0
0
2

5

967

I

oo



Table 5 .2 .1 .5

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1981 JULY 01 - SEPTEMBER 30

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

TOTALS

% o f Persons

0-49
mrem

58
58
25
11
55
25
1
1
6

10
20

270

76.3

50-99
mrem

4
29

1
7
4
2
0
0
0
0
1

48

13.6

100-199
mrem

3
10
0
6
0
3
0
0
0
1
1

24

6.8

NUMBER

200-299
mrem

0
2
0
6
1
1
0
0
0
0
0

10

2.8

OF TESTED

300-399
mrem

0
0
0
2
0
0
0
0
0
0
0

2

0.6

PERSONS IN

400-499
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

GIVEN DOSE RANGES

500-999
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

1-3
renr

0
0
0
0
0
0
0
0
0
0
0

0

0.0

J-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

65
99
26
32
60
31
1
1
6

11
22

354

Total
mrem

1421
5461
110

3812
1232
1361

8
1

28
214
434

14083

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.



Table S.3.1

IN VIVO MONITORING

1581 JUNE - AUGUST

E.I.& P.
R.& I .S.
Fuels and Materials
W.E.& P.
Special Projects
Mechanical Services
Chemical Operations
Reactor Technology
Nuclear Materials Control
Operations
E.I.& C.
Health Sciences
Chemistry and Materials
Physics
Reactor Physics
Miscellaneous
Retirements & Terminations
Environmental Samples

Whole Body Monitoring

Number*

2
8

51
1
2

12
3

11
18
2

68
8
6
2

24
25
97
2

No. Positive1)

1

3

2

Lung Monitoring

Number*

2
4

6

No. Positive2

1

Other Monitoring

Number*

5

1

1

No. Positive3 '

1

Clothing Monitoring

Number*

1

No. Positive1

1

00
Co

NOTES:

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

t 1 Ci = 37 GBq
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The possible loss of either Tc2O or HTcO,, during the
heating steps was investigated by performing the analyses
both under reflux conditions and "open-beaker" conditions.
The final recovery, quoted above, was found to be identical
for either procedure. Similarly, the evaporation of the
organic solvent in the source preparation step was shown
not to be a source of loss of technetium.

The amount of oxidant (K2S208) used was also optimized.
It was found that only for weights less than 10 g did the
recovery of technetium-99 decrease, i.e. using 5 g of K2S2OB.
a 5935 recovery was obtained.

The advantage of producing the "weightless" source for
counting using the gas proportional counter is that the limit
of detection is much improved over liquid scintillation methods.

5.4.3 Actinide Analysis

The completion of the development of the sequential
analysis method for the actinides has been delayed because
of staff shortages. The method has been developed to the point
where good recoveries are obtained for Pu, Am, Cm and Th.
Recoveries of Np are erratic, probably due to instability of
the valence state for the conditions being used. Work will
resume when the staff member doing this work returns from
maternity leave.

5.4.4 Tritium Analysis

A method of optimizing the amount of liquid scintillation
cocktail and urine for the measurement of tritium in urine to
obtain the greatest sensitivity under various quench conditions
has been devised. This method has been applied to 10 different
commercially available liquid scintillation cocktails,
(Scintiverse, Universe, Ready Solv-HP^ Ready Solv-MP, ACS II,
Aquasol-I, Aquasol-II, PCS, Biofluor and Insta-Gel.)
Scintiverse was found to have the highest ratio of efficiency
to quench over the range of compositions and quenches tested.

The study also demonstrated that the amount of liquid
scintillation cocktail could be reduced considerably without
loss of sensitivity resulting in better than 50% saving on the
purchase costs.

5.5 METABOLIC STUDIES - J.R. Johnson

5.5.1 Carbon

Preliminary results of llfC retention in bone following
injections of 1"C as carbonate in rats indicates that a
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significant (for dosimetry) fraction of the 1"C remains
in bone with a long biological retention. When the bone
analyses (being done by CSS, Ontario Hydro) are complete,
the results will be evaluated to see if more data are
required to estimate doses to persons occupationally
exposed to llfC02.

5.5.2 Technetium Retention

The study of technetium retention in rats is nearing
completion. If these results are combined with long-term
retention in man, it appears that the metabolic model given
in ICRP Publication 30, which does not include a long-term
thyroid retention component, will underestimate the
committed effective dose from "Tc significantly. Data
analysis is continuing.

5.6 METABOLIC MODELS AND INTERNAL DOSIMETRY - J.R. Johnson

5.6.1 Revision of AECL-6540

Work is continuing on the improvement of metabolic and
dosimetric models that will be used to revise the dose
conversion factors given in AECL-6540. Revised factors have
been made available to various users for specific radionuclides,
and a general revision should be available by mid 1982.

5.6.2 CSA Standard on Routine Releases of Radioactivity to the
Environme'nT

the draft CSA Standard N288.1 has been completed by
the writing group and reviewed by the N288.1 Working Group.
Work arising out of that review is now in progress and it
is anticipated that the draft standard will be ready for
review by the CSA N288 Technical Committee early in 1982.

5.6.3 NEA Group of Experts on Radon and Thoron Daughter Dosimetry

The first draft of the report of the NEA Group of Experts
on Radon and Thoron Dosimetry has been reviewed by the full
Group, and work arising out of this review is now underway.
It is anticipated that the Group of Experts will submit its
final report to the NEA Committee on Radiation Protection and
Public Health by June 1982. A paper describing the work done
by J.R. Johnson (CRNL) and V.A. Leach (Australian Radiation
Laboratory) as part of this report was presented at the
International Conference on Radiation Hazards in Mining,
Golden, Colorado, 1981 October 04-09.
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5.7 PAPERS, REPORTS, LECTURES

5.7.1 Papers

J.R. Johnson and M.B. Carver, "A General Model for Use in
Internal Dosimetry", Health Physics 41_ 341.

J.R. Johnson and R.C. Myers, "Alkaline Earth Metabolism:
A Model Useful in Calculating Organ Burdens, Excretion Rates
and Committed Effective Dose Equivalent Conversion Factors"
Radiation Protection Dosimetry ]_ 87.

J.R. Johnson, "Re: Exercise Lowers Thyroid Radioiodine Uptake:
Concise Communication", Letter to the Editor; Nuclear Medicine,
22 834.

5.7.2 Reports

Kramer, G.H., "The Separation of Sulphur-35 and Phosphorus-32
from Urine and their Subsequent Estimation", AECL-7162.

5.7.3 Lectures

Johnson, J.R., "Metabolism of Radionuclides", 23rd Annual
Radiation Protection Course, September 29.

Kramer, G.H., "Bioassay Techniques", 23rd Annual Radiation
Protection Course, September 29.
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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 Haematoiogy
6.7.3 Urine

6.8 TOTAL HOSPITAL PROCEDURES
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6.1 STAFF

Branch Head
Secretary
Professional
Nurses

Medical Technicians

D.W.S. Evans
V.A. Schizkoske
J.J . Meenan
A. Kinloch
J . Williams
M. Plattner
J . Shaw

6.2 CLINIC PROCEDURES

6.2.1 Occupational Accident and I l lness

June July August Total
AECL
MaTe

Female

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

28 26
19
45

3
_2

30
18

1
2

Grand
Total

132

11

Femal e - New Visits
- Revisits

6.2.2 Non-Occupational Accident and Illness

143

AECL
HaTe

Femal e

Others
•RaTe

Female

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

345
265
6T0
62
37
59"

10
3
13

3
7
TO

328
252
BW
56
52

TT)8

7
--
"7
3
10
13

299
242
54T
48
32
§0

9
4
T3

1
3
4

1731

287

33

27
2078
222T
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6.3 CLINIC VISITS BY WORK CATEGORIES

6.4

June July August
Staff P.R. Staff P.R. Staff P.R. Total

AECL
Chalk River Env. Auth.

Quality Assurance
Tech. Info. 4 Univ. Rei.
Administration

Finance
Commercial Operations

Operations
General Services
Maint. & Const.
Plant Design

Health Sciences

Chemistry & Materials

Physics

Applied Research & Dev't.

Others
Crawley & McCracken,
Attached Staff, etc.

BREAKDOWN BY INTERNATIONAL

2

36

27

126

40

30

45

109
415"

23

CODE

23

10

303

—

—

336"

1

43

26

157

45

35

43

98
448

20

21

5

264

—

—

—

290

June

2

38

20

132

31

18

30

83
354

17

July Auj

__

8

7

303

—

~

--

318"

gust

5

169

95

1285

116

83

118

290
2T5T

60
222T

Grand
Total

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

3 - ^ 4 7
6 2 4 12

106 99 100 305

112 104

56
69
13
33
1

403

64
61
6

33

3

70

38
61
6

31

369 317

7

286

158
191
25
97

1089
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BREAKDOWN BY INTERNATIONAL CODE (continued)

June Jui

Total brought forward

Grand
August Total

1089

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

June
AECL
Male

Female

Others
Male

Female

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

July

81

52

1
84
8
70
16
42

7
3
2

95

36

110
4

54
22
47

2
18

22 13

394"
2

409

54
7
6T

30
1
31

2

"t

19
5
24

3
—
"3

4

26
3
29

4
4loo

—

1

83

50

100
4

48
33
39

12
1

12

392"

Total

114

42

21

1
259

138

1
294
16

172
71
128

9
33
3

47

2
2284

Grand
Total

164
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6.6 NON-OCCUPATIONAL ABSENTEEISM

June July August
Male Female Male Female Male Female Total

6.7

6.7.1

Chalk Rtver Env. Auth.

Quality Assurance
Tech. Info. & Univ. Rel
Administration

Finance
Commercial Operations

Operations
General Services
Maint. A Const.
Plant Design

Health Sciences

Chemistry & Materials

Physics

Applied Res. & Dev't.

LABORATORY PROCEDURES

X-Ray Department

AECL
Male - Routine

- Special

Female - Routine
- Special

Others
Male - Routine

- Special

Female - Routine
- Special

%

20s
•

26

270>s

63%

319$

46

1

355*

45

68

16%

8%

15

259 33
753% 555%

June

20
30
5?

2
3
S

1
=T

1

T

--

33%

36%

282

29

42

75

187
5S5~

July.

14
32
M
1
3
"4

—

1
1

~Z

%

48

42

57

18

11

16%

40
53T

-••

55

26

261%

59%

22%

51%

175
65T

August

13
25
38

1

T

2
2

"4

1

44

49%

60%

13%

7%

20%

553%"

Total

134

10

5

3

3

242%

225

999%

200

123

224%

722
2739%~

Grand
Total

152
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6.7.2 Haematoiogy

6.7.3

AECL
HaTe

Female

Others
HaTe

Female

Urine

AECL
HaTe

Female

Others

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

June

103
42

745

38
12
50

j .

i

T

July

76

iff
17
12
29

12

7T

2

T

August

88
28

116

9
10
79"

4
2
6

—-

Total

362

98

19

3

Grand
Total

TOO
11

TTT

36
1

37

1
T

l

T

71
5

76

17

77

10

TO"

2

T

82
5

87

9

72

A

T

~III

274

66

15

482

358
§40
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6.8 TOTAL HOSPITAL PROCEDURES

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

June July

39
__
774
9

404
96
22

1344

62
42
758
6

301
31
36

1236

100
58

689
3

287
37
36

1210
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