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INTRODUCTION

The Italian radioprotection legislation requires the determination of personal dose equivalent
in terms of Hp(10) and Hp(0.07) and the determination of the eye lenses dose equivalent in
terms of Hp(3).
Whereas the calibration of a dosemeter for the determination of Hp(10) and Hp(0.07) is
feasible, the calibration of a dosemeter in terms of Hp(3) is impossible, owing to the absence
of the suitable phantom and the conversion coefficients hpk(3) from air kerma to Hp(3).
Using an anthropomorphic phantom for the irradiation, the aim of this work is to determine
the experimental values of the conversion coefficients and to relate the result of the dosemeter
worn on the forehead with the dose equivalent to the eye lenses. The study is performed in the
X energy range from 30 keV to 100 keV, i.e. the one most widely used in medical practices.

EXPERIMENTAL PROCEDURE
A group of 150 LiF TLD-100 chips has been used for this study. TL measurements were
obtained using the Harshaw 5500 reader through a linear heating at 6°C s-1 up to 240°C.
Before the irradiation, the dosemeters were subjected to the following thermal treatment: 1 h
at 400°C, cooling at room temperature, 2 h at 100°C.
The radiation characteristics and the irradiation procedures are reported in ISO 4037-1(1) and
ISO 4037-3(2). The anthropomorphic phantom is the head of the Rando Alderson phantom and
the irradiation is made in antero-posterior geometry.
All exposures were completed at the calibration facility of Nuclear Energy Department –
CESNEF.
For the tests, the conventionally true air kerma was fixed at 2 mGy.

For each detector of the group, the intrinsic sensibility was determined as the ratio of the
mean readout of the detector group, exposed to the same value of irradiation, and the readout
of the single detector. The uncertainty due to the intrinsic sensibility has been considered,
when feasible, in the determination of the uncertainty of the results.

For each readout session, a separate calibration curve is prepared, irradiating groups of 5
detectors to 5 different value of air kerma with a Cs-137 collimated source, in order to obtain
the conversion factor from the detector reading to the “apparent kerma”.



The first step was to verify the detector energy response with irradiation free in air. For each
radiation quality, four detectors were exposed. The results are reported in Table 1. Previous
results are confirmed.

Radiation quality Mean energy
(keV)

Energy
response

Uncertainty
%

A4 36.4 1.36 5.7
L1 44.5 1.32 6.3
L2 56.3 1.29 6.2
L3 78.5 1.19 5.8
L4 104.0 1.15 5.9

Cs-137 662 0.94 5.9

Table 1: Energy response of TLD-100 as function of irradiation energy

The second step was the check of the correctness of the planned methodology for the
determination of hpk(3) factors, applying it to the evaluation of hpk(10) values, as per ISO
4037-3.
For each radiation quality, irradiations were made with the detectors, covered with a plexiglas
layer of thickness equivalent to 10 mm of soft tissue, on the water slab phantom. Three
exposures of four detectors were performed at every single energy. The results are reported in
Table 2, alongside the reference ISO values.

Radiation quality Mean energy
(keV)

ISO value
of hpk(10)

Exp. value
of hpk(10)

Uncertainty
%

A4 36.4 1.19 1.26 4.0
L1 44.5 1.55 1.61 4.9
L2 56.3 1.77 1.74 5.2
L3 78.5 1.87 1.78 4.9
L4 104.0 1.77 1.62 4.2

Table 2: Comparison between ISO and experimental values of hpk(10)

The third step was to find the conversion coefficients hpk(3). Irradiations were performed on
the detectors placed in the eye socket of the phantom and covered with a plexiglas layer of a
thickness corresponding to 3 mm of soft tissue.
For each irradiation energy, five exposures were made, everyone on four detectors.
The phantom was positioned at the same distance and in the same beam section of the water
slab. The results are reported in Table 3.



Radiation quality Mean energy
(keV)

Exp. value
of hpk(3)

Uncertainty
%

A4 36.4 1.24 3.19
L1 44.5 1.41 2.66
L2 56.3 1.41 2.70
L3 78.5 1.42 2.58
L4 104.0 1.38 2.63

Table 3: Experimental values of hpk(3)

The last step was the irradiation of the dosemeters positioned on the water slab phantom and
on the anthropomorphic phantom.
The dosemeter is made up by two detectors in a plastic badge. The badge is 1.5 cm x 2.0 cm,
thickness is 5.0 mm. The dosemeter is worn on the forehead by a “Velcro” band.

The irradiation on the water slab phantom was performed with four dosemeters at each
radiation quality. The irradiation on the anthropomorphic one was performed five times at
each radiation quality, placing the dosemeters on the eye sockets and on the forehead.

With water phantom, the ratio of the evaluated air kerma by the dosemeters and the
conventionally true air kerma appears 10 to 30 % higher than with the anthropomorphic
phantom, according to radiation quality.
This confirms that different size and composition of the two phantoms produce a different
quantity of back scattered radiation.

Radiation quality Mean energy
(keV) R1 R2

A4 36.4 1.40 1.28
L1 44.5 1.70 1.41
L2 56.3 1.76 1.39
L3 78.5 1.77 1.32
L4 104.0 1.66 1.32

Table 4: Ratio of evaluated air kerma and conventionally true air kerma
R1 for water slab
R2 for anthropomorphic phantom (forehead)

The last step was to determine conversion factors Fconv (3) to evaluate Hp(3) from apparent
kerma.
The results are reported in Table 5 for the dosemeters placed on the eye socket and on the
forehead.
In the real world, dosemeters are worn on the forehead but conversion factors in the two
positions show a difference up to few percentage points. The evaluated dose at the forehead is
therefore a reliable representation of the one at the eye lenses.



Radiation quality Mean energy
(keV)

Fconv (3)
eye socket

Uncertainty
%

Fconv (3)
forehead

Uncertainty
%

A4 36.4 0.750 6.8 0.731 6.8
L1 44.5 0.763 6.6 0.773 6.6
L2 56.3 0.786 6.5 0.784 6.5
L3 78.5 0.866 6.6 0.868 6.6
L4 104.0 0.906 6.6 0.915 6.6

Table 5: Conversion factors Fconv(3) from apparent kerma to Hp(3)
for anthropomorphic phantom

The dosimetric system is now characterized to obtain the Hp(3) value from the detector
readings.

Should the same dosemeters be worn on the forehead, while they have been calibrated on the
water slab phantom, the conversion factor Fconv(10) from apparent kerma to Hp(10) reported in
Table 6 have to be used.

Radiation quality Mean energy
(keV) Fconv(10) Uncertainty

%
A4 36.4 0.62 8.0
L1 44.5 0.69 8.3
L2 56.3 0,80 9.5
L3 78.5 0.90 8.7
L4 104.0 0.95 8.7

Table 6: Conversion factors Fconv(10) from apparent kerma to Hp(10)
for water slab phantom

In Table 7 is reported the ratio R of dose evaluated using Fconv(10) and conventionally true
value of Hp(3).



Radiation quality Mean energy
(keV) R

A4 36.4 0.85
L1 44.5 0.89
L2 56.3 1.02
L3 78.5 1.04
L4 104.0 1.04

Table 7: Dosemeters on the forehead.
Ratio R of dose evaluated using Fconv(10) and conventionally true value of Hp(3)

Field measurements have uncertainties larger then laboratory measurements: therefore, the
dosemeter can be used, with good results, in terms of Hp(10) calibration on the water slab.
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