








3, ANNEALING

For the initial experiments, the protective film was removed from the front
side, the TED exposed, and subsequently etched as described below. TEDs
which were etched without exposing had a "no-dose" track count varying
between 5 and 50. These tracks could be caused by manufacturing defects,
but probably result from atmospheric alpha particles penetrating the
protective film. Whatever their origin, the fact remained that the
uncertainty in the "no-dose" track count significantly reduced the
sensitivity of the technique. Attempts were therefore made to remove this

effect.

It was suspected that if the polycarbonate could be softened by heat
treatment, the latent '"no-dose’" tracks may be removed. A variety of
physical effects were observed when the TEDs were heated. The TED would
shrink in one direction only, ending up as a rectangle rather than a square,
and would curl to take up a cylindrical shape suggesting that the plastic
had been rolled during manufacture. (The short reduced side of the
rectangle was the curved end of the cylindrical section.) The curvature
‘was retained on cooling and the TED was not able to be etched. Excessive
heating caused bubbling in the plastic, rendering the TED useless for any
purpose. If the curling was prevented by constraining the TED between two
rigid flat surfaces during heating, any markings on these surfaces were
impressed into the soft plastic. When subsequently counting tracks under

magnification, the optical effect of such marking was a serious interference.

It was found that, after removal of the protective film, TEDs could be
annealed for 3 hours or more at temperatures up to 135°C, without producing
bubbling. The curling could be prevented without marking the TED by
constraining the TED between highly polished rigid surfaces. (Metal plates
faced with acetate x-ray film base were effective for this purpose.) Using
an annealing at 135°C for 3 hours, the '"no-dose" track count was reduced

to zero, one or two tracks. Some TEDs were exposed to alpha radiation,
sufficient to cause in excess of 200 tracks if etched without annealing.
When annealed before etching, these TEDs also revealed a track count of
zero, one or two tracks. There is no immediate explanation for the residual
tracks. However, the reduction in the "no~dose" track count has

significantly improved the net sensitivity of the technique.



The maximum temperature which will not excessively damage the TEDs, 135°C
for 3 hours, has been adopted as the standard anneal. This produces no
bubbling, and if properly constrained no marking or curling. The TED does
shrink from a 25 x 25 mm square to a 25 x 23 mm rectangle. This shrinkage
appears to be accompanied by a corresponding increase in density rather than

thickness.

4. ETCHING PROCEDURE

The effect of varying etching parameters was investigated and several
prototypes of an etching cell were tested before materials and design were
finalised. The final design of the etching cell (Figure 1) has 2 TEDs fixed
to the outside of the cell, so that when 4 ml of the etchant are put in the
cell, a 10 mm diameter circle of-each TED is etched. A stainless steel
electrode is inserted into the etchant for the subsequent electrochemical
etching (ECE). Some trouble was experienced when prototype cells were
manufactured from materials which could not withstand repeated exposure to
the etchant. The final design used high molecular weight polyethylene,

which appears to have good resistance to the etching.

Two etchants were tried. PMW(2) (potassium hydroxide, methanol, water) was
found to be too severe and was not readily controllable. PEW(3) (potassium
hydroxide, ethanol, water) was much slower, and easily controlled. The
standard etchant used has been, by weight, 15% potassium hydroxide, 40%

ethanol, and 45% water.

A power supply was built to provide the electric field for ECE. (4) Varying
the field strength and frequency had a minor effect on the size of the
etched tracks.(l) It was decided not to investigate this effect in detail,
and a standard potential of a 1000 volt RMS at 2 kHz has been used.

Once the etching cells have been loaded, each with 2 TEDs, they are placed
in a water bath. Up to 10 cells or 20 TEDs can be etched at once. The

4 ml of etchant is placed in each cell and this is left for a period of
chemical etching. Following this the power supply is switched on and the
TEDs are subjected to a period of electrochemical etching. The temperature
of the water bath and the times of the two etching procedures all can be

varied and have an effect on the results.(l) Increasing the temperature

increases the rate of the etching action, and has the same effect as



increasing time of etching. A standard temperature of 60°C has been used
throughout. Except where it is indicated otherwise, standard times of 30

minutes chemical etch and 120 minutes ECE have been used.

5. ENERGY DEPENDENCE

No source of continuously variable energy alpha particles was available.

An attempt to determine energy dependence was made by degrading the
monoenergetic 5.49 MeV alpha particles from a thin source of americium-241.
A jilg was set up to expose TEDs 60 mm from the source, in a vessel in which
the air pressure could be varied from effectively zerc up to atmospheric
pressure., The track count as a function of pressure is shown in Figure 2.
The diameter of the tracks reduces as alpha energy increases. It appears
that the high energy cut-off is caused, not by the absence of tracks but

by their reduced size so that they cannot be seen. When TEDs, exposed to
alphas of energy above the apparent cut-off, were etched for a longer period
the tracks were revealed. This would be expected as further penetration
inteo the TED will reduce the energy and hence should give a track at greater

depth. This suggests some LET dependence for track formation.

As the energy of the alphas is decreased (the pressure in the vessel is
increased), the size of the tracks increases, until at a pressure

corresponding to an energy of about 0.5 MeV, the formation of tracks ceases.

When the experiment was repeated with no pre-etch, tracks were produced
until the pressure corresponded to approximately zero energy. However,
faint surface scratches on the plastic also produced tracks. The pre-etch
takes away the surface of the plastic, together with surface damage and
defects, and latent tracks from alpha particles almost at the end of their
range in air. A 30% increase in sensitivity can be obtained without the
chemical pre-etch provided scrupulous care is taken to avoid surface
scratching. This can be achieved under controlled laboratory conditions

but is not practical for field use.

For the standard etching procedure Figure 2 also shows an estimated energy
scale varying from the initial energy of 5.49 MeV at zero pressure down to

0.5 MeV at the pressure when no tracks were produced.

With monoenergetic alpha particles, tracks of uniform diameter were produced.

If TEDs are used to detect alpha particles from atmospheric radon and



daughters, the alpha particles have a continuous energy spectrum, and the
size spectrum of the tracks is also continuous. If desired, the overall
sensitivity can be improved by etching for a longer time, revealing tracks
from higher energy alpha particles. This enlarges the already large tracks
from the low energy alpha particles, and at higher counts some sensitivity
is lost because of merging of tracks. If the ECE time is increased
sufficiently, large tracks will be etched right through the TED after an
ECE time approaching 4 hours. The.direct conduction path between the
etching solution and the water of the water bath causes a current which

trips the overload relay of the power supply and terminates the etching.

The effective high energy cut-off can be utilised to eliminate a problem
with atmospheric radon dosimetry. If it is desired to measure radon and
daughter concentrations by detecting alpha particles, then any daughters
which plate out onto the detector make a variable, unknown and unwanted
contribution to the measurement. Alpha particles emitted by daughters in
contact with the detector will not have their energies degraded by air
absorption, and will not be detected if the detector has a high energy cut-
off below the minimum daughter energy. Using the standard etching
procedure, the high energy cut-off is approximately 4 MeV, and no alphas

from plated-out daughters should be detected.

6. ANGULAR DEPENDENCE

The dependence on angle of incidence was investigated using the same

experimental set-up as was used for the energy dependence. With the air
pressure set to give maximum response at 60 mm from the source, exposures
were carried out with the TEDs oriented at varying angles to the incident

alpha radiation. The response is shown in Figure 3.

7. CALIBRATION

The calibration of a dosimeter which measures radon gas only, ignoring any
daughters present, is relatively easy. However, the calibration of TEDs
which measure total atmospheric alpha activity is more difficult. 1In any
body of gas the concentration of radon can be expected to be quite uniform,
but the concentration of daughters can vary by a large factor. When formed
by alpha decay of the parent, the daughters will readily attach to any solid.
If there is a reasonable concentration of solid aerosol, then the daughters

will attach to it and remain airborne. Near any solid surface unattached



daughters will plate out, and their concentration in air can be expected

to fall off markedly near such surfaces. These effects are well known
factors to be taken into account in the dosimetry of radon and its daughters.
They are also a particular problem when attempting to measure daughter

concentration in an enclosed chamber, to be used for calibration purposes.

A fast radon exposure device (FRED), of volume 125 litres, was built
containing approximately 100 kBq of radium contained in a matrix of ferric
oxide so as to release all the radon daughter. The device was sealed, but
included facilities for easily inserting and removing TEDs, and sampling
the atmosphere inside, with only an insignificant exchange between the
inside and outside atmosphere. The atmosphere was sampled, and after
allowing equilibrium between radon and its daughters in the sample, the
radon concentration was determined quite accurately by gamma spectroscopy
of the sample. The daughter concentration was estimated from the initial
gamma spectrum immediately after sampling. (Because of daughter plate-out
in the sampling tube, this tube was included with the sample.) A separate
estimate of the daughter concentration was made by taking an air sample
inside the chamber, depositing daughters on a filter paper, and analysing
the decay of the alpha activity. The total alpha activity derived by these
two methods was 1.04 and 1.26 kBq 1-1 respectively. The activity of the
radon alone was 0.67 kBgq 171, A total activity of 1.13 kBq 17! was assumed

for calibration purposes.

A series of TEDs were exposed in the FRED for calibration. For exposure

to radon-222 plus daughters, the calibration can be expressed as: one track
represents 4800 alpha disintegrations per litre of the surrcundiné
atmosphere. For indoor exposure to radon, the prime source of exposure to
the community, National Radiological Protection Board(3) have adopted a
reference conversion factor of 5 mSv WLM™1, Using this and assuming an
equilibrium factor of 0.3,(657) this calibration can be expressed as 1 track

equals 1.55 x 1076 sSv effective dose equivalent.

This calibration is for radon-222 and daughters only, and ignores any
contribution from radon-220 and its daughters. There isno reason to suspect
that the calibration for radon-220 and its daughters would be significantly
different, in terms of gross alpha activity, but the interpretation of this
in terms of biological dose would be quite different.(8) The calibration
(1.55 x 1070 sy per track) i1s valid only in situations where the

contribution to gross alpha activity from radon-220 and daughters is small.



The radon-222 daughter component of the gross alpha activity used to
determine this calibration, is itself subject to some uncertainty. If

possible, the calibrations may be refined at some time in the future.

The size of the tracks varies from very small up to approximately 200 um,
when a TED exposed to atmospheric radon is subject to the standard etching
procedure. The sensitivity could be improved by etching longer, and
revealing tracks from higher energy alphas, otherwise too small to be
detected. There is a limit to how far this can be carried on before the
TED is etched right through in one of the larger tracks. For high track
counts, one would expect a loss of sensitivity when etching longer because
tracks would merge together and larger tracks would mask smaller ones.
(This effect would be analagous to "dead time" effects in radioactivity
counting.) An investigation showed that this effect does occur, but not

to the extend expected. As the track density increases, the track diameter
decreases. (This may be due to a depletion of the etchant.) After
investigating these effects, it was decided to retain the standard etching
procedure, primarily to avoid detection of alpha particles emitted by radon

daughters plated-out on the surface of the TED.

8. UNCERTAINTIES

Two factors contribute to the uncertainty in any measurement. Track counts
will be subject to at least the statistical uncertainty associated with
random events. The very small track size at which tracks cease to be
counted will vary between observers, and even with one observer, will vary

with time. More experienced track counters will probably be more consistent.

9. CONCLUSION

This investigation shows that a track etch technique for measuring
atmospheric alpha activity, based on "Tuffak" plastic, is feasible. By
using an appropriate etching procedure it is possible to exclude any
response to high energy alphas, emitted by daughters plated out on the
surface of the detector. This allows the use of the detector to measure
total alpha activity, and not just the concentration of radon, excluding
the daughters. The cup and membrane required by other dosimeters(9) is not

necessary, and a simpler dosimeter results.
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Fig. 2. Response of Tuffak Plastic as a function of Alpha Particle Energy.
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