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INTRODUCTION

Large personnel dosimetry services providing extremity monitoring with finger rings based on
thermoluminescent detectors have long been looking for a practical method for automated reading
including automated identification of the detectors. All existing methods are at least not very suitable
for medical applications, particularly for surgery, due to the fact that cold sterilisation is usually
impossible. BICRON Radiation Measurement Products developed in co-operation with the Austrian
Research Centre Seibersdorf a new finger ring dosimeter DXT-RAD as a fast and economic solution
for fully automated evaluation of extremity dosemeters.

COMPONENTS OF THE FINGER RING DOSEMETER

The ring is made of extruded glass fibre reinforced plastic in three different colours (orange, yellow
and violet). Before the first use it can be vapour sterilised because of its temperature resistance up to
140 °C. For multiple use the ring including the TLD element can also be cold sterilised with a suitable
agent (e.g. Gigasept® liquid or sterilisation gas). Because it is made of flexible plastic the ring will fit
any size of fingers with diameters between 14 mm to 26 mm. The circular cover plate is transparent
on its outer diameter, and black in the centre to protect the TLD detector from light to fall in. The
TLD detector consists of a circular TLD-100 chip (3 mm diameter x 0,38 mm thickness
(100mg/cm2) glued on kapton foil and mounted on an aluminium disc. The Al disc (outer diameter:
7 mm; inner diameter: 4 mm) is holding a circular bar code (radial 6 digit ITF) and a human readable
ID number. Bar code and ID number are laser etched and temperature resistant up to 700 °C. Beside
this standard configuration with a filter thickness of 42 mg/cm^, other configurations are also
available.

Figure 1: Schematic view of DXT-RAD dosemeter

In Figure 1 a schematic view of the DXT-RAD dosemeter is shown.
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Table 1 represents an overview of the existing DXT_RAD configurations.

Table 1: DXT-RAD Configurations

DXT-RAD type

DXT-100
DXT-107
DXT-707H
DXT-720
DXT-740
DXT-740H

Filter in mg/cm^

42
5
5
5
5
5

TL Material

TLD-100
TLD-100
TLD-700H
TLD-700
TLD-700
TLD-700H

TL Thickness in
mg/cm2

100
7
7

20
40
40

For evaluation a manually-operated extraction tool facilitates removal of the detector element. Ring
and cover may be discarded and the detector element placed in a special carrier card. Each carrier
card can hold four disk dosemeters for readout. The dosimetric data can be read by any HARSHAW
TLD hot gas reader (Model 4500, Model 6600CCD, and Model 8800CCD). The Model 6600 and the
new version of Model 8800 are specially equipped with an integral CCD camera and image analyser
to recognise the four dosemeter barcodes and the carrier card barcode.

DOSIMETRIC PROPERTIES OF THE NEW FINGER RING DOSEMETER

The standard finger ring dosemeter was tested according to the PTB (Physikalisch-Technische
Bundesanstalt Braunschweig) requirements PTB-A 23.6 (draft) for the personal surface dose Hp(0.07)
induced by X-rays and gamma radiation. The detectors were individually calibrated. All exposures
were done on the ISO finger phantom. The conversion factors Hp(0.07) / Hx based on Grosswendt's
calculations were used. The readout of the dosemeters was carried out on a HARSHAW Model 8800
with the following Time Temperature Profile:

:130 °C
: 8 sec
:290 °C
: 20 K/sec
: 20 sec
: not applied

At a lower limit of detection of 1, 0 mSv the coefficient of variation of a sample (n = 15) amounts
0.036. Using a nonlinearity correction function the maximum scattering of the reported dose from 10
mSv to 10 Sv is 3 %. The maximum error fmax for the combined direction and energy dependency
was determined in the nominal usage photon energy range from 15 keV to 1340 keV. The results are
summarized in Table 2.

Preheat Temperature :
Preheat time
Maximum temperature
Heating rate
Acquire time
Annealing

Table 2: Maximum error for the combined energy and direction dependency

Radiation Quality
A 15
A 40
A 100

Angle
60 ° perpendicular
45 ° parallel
60 ° perpendicular

f in%
- 31
+ 30
- 19

It can be seen that the f values are always lower than 40 %, the maximum allowed error.
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Our experiments showed that storage of the finger ring dosemeter for 8 hours in water and for
24 hours under direct sun light has no practical influence on the dosimetric performance.

Because the standard finger ring dosemeter is for photon radiation the beta sensitivity is poor. The
results are summarized in Table 3.

Table 3: Beta sensitivity of the standard dosemeter relative
to 13"7Cs gamma radiation

Nuclide
14/Pm

204xi
WSr/WY

Max. beta energy (MeV)
0.23

0.76
2.27

Rel. sensitivity

<0.01
0.18
0.95

Using the 5 mg/cm2 DXT-RAD extremity dosemeter with LiF:Mg,Cu,P as sensitive material
excellent photon energy and beta energy independencies were measured. The results are presented in
Figure 2 and 3.

17 89 165 240

Photon Energy (koV)

1250

Figure 2: Photon Energy Response

Pm-147 TI-204

Beta Nuclide

Sr-90/Y-90

CONCLUSION

Figure 3: Beta Combined Response for DXT-RAD
and EXT-RAD

The newly developed finger ring dosemeter DXT-RAD fulfils all practical requirements. The first
units are in operation in the U.S.A., Norway, Austria and Germany.

-58-


