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Abstract—A new type of finger and hand dosimeter has been designed which consists of a
solid, flexible disc of thermoluminescent LiF incorporated in polytetrafluoroethylene (Teflon)
enclosed in black polyethylene covering (7 mg/cm? thickness) which is attached to an ad-
hesive tape. The thickness of the polyethylene has been selected to simulate the radiation
insensitive layer of the skin. Precision of the dosimeters has been evaluated for gamma and
beta irradiation. Ten millirads can be measured with a standard deviation of better than
+209%, without individual calibration of the dosimeters. Effects contributing to background
such as light sensitivity, mechanical shock and friction have been studied. It is concluded that
these dosimeters offer the prospect of reliable routine finger and hand dosimetry with results
that can be directly related to the biologically significant dose.

FingEr and hand dose measurements have
presented a serious and largely unsolved prob-
lem in routine personnel dosimetry. The par-
ticular difficulty is that the maximum dose to the
finger and hand has to be estimated in an un-
predictable radiation field with perhaps very
steep dose gradients, and that this estimate
must be based on a measurement technique
which does not interfere with the monitored
persons ability to perform delicate manipula-
tions.

To illustrate the type of dose patterns that
can occur, doses at several points on the fingers,
palm, and wrist of a person holding a radium
needle inside a plastic tube have been measured
using LiF-Teflon thermoluminescent dosimeters.
As shown in Fig. 1, the maximum dose was
560 mrad on the thumb, while ring and wrist
dosimeters showed less than 29 of this. In a
similar experiment, illustrated in Fig. 2, a plate
of natural uranium was placed on a water-filled
glove, simulating a hand. The tips of the fingers
in immediate contact with the plate received
almost 1009, of the dose measured on the sur-
face of the plate, while the ring dosimeters
showed less than 0.29%,.

It is evident from these experiments that a

realistic estimate of the maximum dose to the
hand in similar situations can seldom be made
unless measurements are actually made where
the maximum exposure can be expected, usually
on the finger tips.

Consequently the conventional technique
for finger and hand dosimetry, i.e. to use photo-
graphic film as ring or wrist dosimeters, is of
little or no value. As a new approach, Johns
used loose thermoluminescent LiF phosphor in
plastic sachets, which were fixed to the finger-
tips. Recently, Portal () assessed existing finger
dosimetry techniques and also advocated the
use of LiF thermoluminescence for this purpose.
Both authors based their judgement mainly
upon the properties of LiF, being essentially
energy independent for X- and gamma-radia-
tion, the wide range of measurable doses with
some tens of mrads as the smallest detectable
dose, the ease and speed with which the dosi-
meters can be read out, and the flexibility of a
practical system in routine as well as emergency
situations.

Our work has been directed toward maxi-
mizing the usefulness and technical capability
of the TLD technique in finger and hand dosi-
metry. The objectives of our work, which is
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Fic. 1. Doses in mrad at various points after
holding a 1 mg radium needle, as shown, for
5 min.

Fic. 2. Doses recorded on the hand after hold-
ing a plate of natural uranium as shown. The

doses are expressed as a %, of the dose at the
surface of the uranium plate.

still in progress, have been to design a convenient,
technically reliable dosimeter and to evaluate its
operational value.

The dosimeters which were developed are
illustrated in Fig. 3. The radiation sensing
component is a disc, 12.5 mm diameter by
0.4 mm thick, consisting of 28 mg of thermo-
luminescent LiF uniformly incorporated in
polytetrafluoroethylene (Teflon).(®» This disc
is contained in a light-proof polyethylene pouch,
7 mgfcm? thick. The pouch is, in turn, fastened
to a strip of adhesive tape for attachment to the
skin. In situations where low energy photon or
beta radiation is encountered, a minimum
cover over the disc is essential, and the adhesive
tape is fastened only to the ends ofthe pouch, re-
sulting in a covering thickness of 7 mg/cm?®.
When a thicker cover can be tolerated, the
adhesive tape, 30 mg/cm? thick, can be allowed
to extend over the pouch.
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After exposure the LiF-Teflon discs were
measured in a standard Controls for Radiation,
Inc. readout instrument, in which the thermo-
luminescence light is integrated during a 15 sec
readout cycle. Nitrogen flush has been employed
during readout.*. ®

The LiF-Teflon disc responds to the energy
deposited by the ionizing radiation within its
volume. If the disc is covered with 7 mg/cm?
and since it is itself 90 mg/cm? thick, the response
of the disc is 2 measure of the energy absorbed
in a layer at a depth between 7 and 97 mg/cm?.
The biologically important dose is usually taken
to be that to the thin basal layer at 7-10 mg/cm?
depth. As long as there is no significant dose
gradient between 7 and 97 mg/cm? depth, the
measured value in the LiF-Teflon disc will
correspond to the dose to the basal layer. This
is usually the case for X- and gamma-radiation.
Insufficient electron equilibrium may in certain
cases complicate interpretation of measured
data, but otherwise the close tissue equivalence
of the composition of LiF-Teflon ensures a
simple relation between the dosimeter response
and the dose to the basal layer.

The energy dependence of LiF has been cal-
culated ¢ 3 and to some extent also studied
with monoenergetic radiation.( The two
methods agree reasonably well. However,

Fic. 3. The Con-Rad Finger Dosimeters.
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Naylor ®) has reported an anomalous energy
dependence for LiF. He attributes this effect
to the relative efficiency of various photon
energies in creating traps. We have not observed
this effect for exposures below 100 R. Above
this dose the effect is significant but small.
For beta and electron radiation, the thickness
of the discs is not negligible. 7 mg/cm?, the
thickness of the radiation insensitive surface
layer of the skin as well as of the plastic pouch,
corresponds to the maximum range of an elec-
tron of about 60 keV energy. Electrons of less
energy are therefore hardly of interest. 300 keV
electrons have a maximum range corresponding
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has been measured by exposing a number of
dosimeters to known doses of ®Co radiation.
The results presented in Fig. 4 show that
measurements down to 10 mR are possible. A-
this exposure the standard deviation in the set
of 20 data was less than 4 209,. The standard
deviation decreases with increasing dose. Our
experience from production control is that the
standard deviation of the sensitivity in a pro-
duction batch approaches + 39, for exposures
above 3 R.

These experiments were conducted in the
laboratory under controlled conditions. At
20 mR, the signal due to the irradiation is 40%
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F1c. 4. The precision of dose measurements using LiF-Teflon discs 12.5 mm diameter
by 0.4 mm thick.

to the thickness of the disc. In the region be-
tween these energies, the interpretation of
measured values will be difficult and the average
dose measured by the discs will be less than the
dose to the basal layer. Further calculations
are needed to clarify these conditions, as for
example, were made by Casnati and Breuer for
skin contamination. ®)

For still higher electron energies, the response
becomes easier to interpret. In the very impor-
tant case of natural uranium, the average dose
in the discs is about 809, of the dose to the
basal layer as estimated from previously pub-
lished data. (®

The precision of dose measurements with
these dosimeters without individual calibration

of the gross value. The background consists of
the photomultiplier dark current which is about
40%,, and a component which we have called
“spurious thermoluminescence” which is the
remaining 209,. This latter component is
also present in unirradiated dosimeters and is
responsible for almost 809, of the wvariation
in a set of measurements of 20 mR. The results
of an investigation of some possible causes for
this effect are described below.

The sensitivity of the dosimeters to mechanical
shock was studied by dropping a hammer onto
the LiF-Teflon discs. A signal equivalent to
about 10 mR was induced after a dosimeter
had been hit 300 times by a hammer dropped
through 3 cm. Clearly, the dosimeters are
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practically insensitive even under these extreme
conditions. The possibility that friction could
produce tribo-thermoluminescence was inves-
tigated by violently agitating dosimeters in a
black plastic box on a shaking machine. The
results obtained show a slight response to
shaking. Here a signal equivalent to about
5 mR was induced after the box had been
shaken about 5000 times and 20 mR after
shaking 30,000 times. The conclusion must
be that mechanical disturbance plays only a
small role in the practical use of these dosi-
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following the annealing. The reason for this
is not known at present.

The conclusion of these experiments is that
unirradiated dosimeters should be included
in any measurement series for background de-
termination.

In conclusion, these dosimeters fulfill prac-
tically all the requirements for finger and hand
dosimetry. The most serious drawback is
associated with the inherent problems in any
measurement of beta and electron dose to a
very thin layer. Compared to photographic

meters. film dosimeters, the dosimeters have the
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F1c. 5. The appearance of thermoluminescence following annealing in LiF-Teflon discs which
have been kept in darkness or exposed to normal laboratory fluorescent light.

Another possible cause for the spurious ther-
moluminescence is excitation by light, which
has been reported previously for LiF.(, 1
Dosimeters exposed to normal fluorescent lab-
oratory light exhibit a definite light sensitivity
as shown in Fig. 5. Experience with ultraviolet
radiation suggests that it is this component of
the light that is responsible for the excitation.
Light is, however, efficiently excluded by the
use of the light-proof pouches into which the
LiF-Teflon discs are packed in subdued light.
The data in Fig. 5 indicate a slight increase in
the signal from dosimeters stored in the dark

advantages of being capable of at least the same
precision, of having a vastly superior energy
dependence for X- and gamma-radiation which
leads to better accuracy, and of allowing the
monitored person to comfortably and con-
veniently wear dosimeters where meaningful
doses will be recorded, i.e. on the finger tips,
without interfering with his work. The ease and
speed of readout result in a vesatile and
adaptable monitoring procedure, a condition
that must be fulfilled before finger and hand
dosimetry assumes the place in health physics
which its importance justifies.



EXPERIENCE WITH A NEW THERMOLUMINESCENCE METHOD

REFERENCES

1. T. F. Jouns. AEEW-R408 (1964).

2. G. PorraL. Bague dosimetre au fluorure de
lithium thermoluminescent. Presented at Con-
gress International sur la Radioprotection dans
PUtilisation Industrielle des Radioelements, Paris,
1965.

3. B. E. BjArNcARD, R. C. McCaLL and 1. A. BErs-
TEN. Lithium fluoride~-Teflon thermoluminescence
dosimeters. Proc. Int. Conf. Luminescence Dosimetry,
p. 308, USAEC CONF-650637 (1967).

4.R. C. Fx and R. C. McCaLr. A sensitive LiF
dosimeter for routine beta and gamma personnel
monitoring. Presented at Health Physics Society
Annual Meeting, Cincinnati, 1964.

5. V. Svarcer and J. F. FowLERr. Spurious thermo-

477

luminescence and tribothermoluminescence in
lithium fluoride dosimetry powder. Proc. Int. Conf.
Luminescence Dosimetry, p. 227, USAEC CONF-
650637 (1967).

6. B. C. CLark and J. F. Jannt. X-ray absorption
in dose-equated material. WL-TR-64-134 (1965).

7. R. W. Harpie and G. W. R. Enpres. Hanford
Status Report HW-84398 Oct. (1964).

8. G. P. Navror. Phys. Med. Biol. 10, 564 (1965).

9. E. Casnati and F. Breukr. Proc. JAEA Symp.
Personnel Dosimetry For Radiation Accidents, p. 525,
Vienna, 1965.

10.J. Lweert and V. Mejpanr. Thermolumin-
escence readout instrument for measurement of
small doses. Proc. Int. Conf. Luminescence Dosi-
metry, p. 204, USAEC CONF-650637 (1967).



