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In the last three decades Electron
paramagnetic resonance (EPR) spectroscopy
has expanded significantly in the field of
practical applications.
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EPR spectroscopy has proved to be a very
effective method of investigation of free
radicals created in materials during
irradiation with high energy radiation. This
is a special area of application of the EPR
spectroscopy known as EPR dosimetry.
Dosimetric materials: sensitive to radiation;
stable EPR spectrum; linear dose response.
For example:
tooth

alanine

sucrose

In the EPR dosimetry, the use of Solid state/ EPR (SS/EPR) dosimeters of different shapes
(cylindrical, flat, rod shape and so on) is accepted. The most popular and widely used are
cylindrical dosimeters. The EPR response depends on the kind of the sample and its position
in the cavity relative to the magnetic field. The diameter of cylindrical samples is one of the
most critical dimensions because its increase is connected with the penetration of the
studied material in the electric component of the microwave field in the EPR cavity and leads
to loss of EPR spectrometer sensitivity. In view of this the diameter of the cylindrical samples
is very important in quantitative EPR estimations. The height of the cylindrical dosimeters is
also important parameter because it is related with increase of the quantity radiation
sensitive material (RSM) for one and the same diameter which from the other side is
connected with higher sensitive and higher response of the dosimeters.
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1. Cylindrical dosimeter
2. Disk shape dosimeter
3. Flat shape dosimeter

In the years sucrose (sugar) has been studied for a long time as a dosimeter in radiation
accident and in high-dose dosimetry by using different analytical techniques. The sucrose is a
tissues equivalent material and it is involved in the DNA structure. That is why it is important
to study its radiation properties. In the last years sucrose was considered as one of the most
promising radiation sensitive materials for EPR dosimetry as an alternative material of alanine.
However for doses over 10 kGy the saturation of its dose response has been found. Because of
that sucrose is used as a radiation sensitive material in this study for optimizing of the sizes of
solid state cylindrical dosimeters for application at high doses. In our recent study was shown
that adding of internal standard Mn2+ magnetically diluted in MgO to the RSM leads to
overcome the disadvantage of saturation at higher doses. However no many laboratories have
such kind of standard and it is not easy to be obtained.

Sample preparation: Sucrose (Aldrich) is ground into a fine powder under chloroform
using agate mortar. The solvent is evaporated and the dry solid material (which is
moisture sensitive) is sieved in dry box and only grains with dimension less than 100
mesh are homogeneously mixed with paraffin (Merck) in ratio 60:40 % (w/w). From the
mixture are extruded cylindrical dosimeters with diameters 2, 3 and 4 mm (d2, d3 and
d4) and heights 5, 10 and 14 mm (h5, h10 and h14) using special matrices. The same
shaped cylindrical dosimeters, containing charcoal and paraffin in ratio (5/95, w/w) are
prepared.
Irradiation: The sucrose dosimeters were gamma-irradiated with doses from 1 to 50
kGy in a mobile irradiation chamber (4.0 L volume) using Co-60 source with 8 200 Ci
activity (equipment of the National Centre of Radiobiology and Radiation Protection,
Sofia, Bulgaria). The irradiation was performed in air at room temperature.
Measurment: The EPR spectra were recorded at room
temperature by using a JEOL JES-FA 100 EPR spectrometer
operating in the X–band with standard TE011 cylindrical
resonator. Different quartz tubes were used with physical
dimensions corresponding to the size of the various dosimeters.

The dependence of the EPR signals intensity of charcoal with different
diameters and heights.

In this case there has not irradiation and
only quantity of paramagnetic species in
charcoal have a meaning.

This is the ideal case
which shows how the
EPR intensity linear
increases with the
diameter and the
height of cylindrical
samples. It is related
with increased of the
weight of the
dosimeters and
therefore of the
bigger quantity of the
paramagnetic
particles in it.

Dependence of the EPR signals intensity as a function of the square of the radius
of the dosimeters at different absorbed doses.

Almost perfect linearity
is observed for the
dosimeters with different
diameters and heights
irradiated with doses up
to 10 kGy. Contrary to it
dosimeters irradiated
with doses higher than
10 kGy show deviation
from the linear
dependence at bigger
diameter. Therefore the
radiation provokes
changes in the material
which are a reason for
this observation.

From the other side the observed effect of saturation can be due to the configuration of the horizontal component
of the microwave beams in the EPR cavity. When the diameter of the samples increased it penetrate in horizontal
(xy) part of the microwave (MW) component therefore causing dielectric losses. All this in combination with the high
number close situated radiation induced free radicals which recombined each other and which is normal to be more
in the dosimeters with bigger size, may be possible reasons for the observed saturation of the EPR intensity in the
dosimeters with diameter 4 mm. The other reason can be changes in the dielectric constant of the sucrose during
the irradiation with higher dose radiation and decreased of the Q value of the EPR cavity.

Dependence of EPR intensity from the height of the dosimeters irradiated with different doses ionizing radiation.

The increasing of the height of cylindrical dosimeters lead to linear increased of the intensity
of the EPR signals for each dose gamma rays separately. In this case impact on the response of
the dosimeters has the vertical component of the MW beams in the EPR cavity. In vertical (z)
orientation, coinciding with the sample, the intensity of the MW component have a maximum
in the center of the cavity and decrease up to zero up and down of the cavity.

The dependence suggests a linear function in the
dose range from 1 to 50 kGy for dosimeters d2. For
dosimeters d3 and d4 saturation for doses above 10
kGy are observed. This effect is understandable
having in mind that with increasing sample diameter
there is a penetration in the region of the electric
component of the MW ﬁeld in the cavity, thus
increasing the non-resonant absorption of MW
energy.
The decreased of the diameter of the dosimeters
from 4 to 2 mm leads to linear dose response in all
investigated region of doses. In this case the impact
of electric component of the MW field is minimal.
Usually a small sample diameter as 2 mm is
unfavorable because it is connected with a loss of
sensitivity which is important especially when
determinate low doses radiation and it is needed
higher sensitivity. From the other hand the d2
dosimeters provides linear response in a broader
interval of doses which make them suitable for use at
higher doses. The increased of the heights of the
dosimeters from parts compensate a loss of
The dose response curves for cylindrical sucrose dosimeters
sensitivity.
with different diameters and heights.

From the obtained results it can be concluded that:
 The decrease of the diameter of the cylindrical dosimeter from 4 to 2 mm provides a
linear dose response up to 50 kGy.
 The increase of the height of the dosimeters shows linear increasing of the EPR
intensity.
 Cylindrical sucrose solid state/EPR dosimeters with a small diameter (2 mm) and
height 14 mm is recommended to achieve linear dose response in broad interval of
doses.
 For doses to 10 kGy every size cylindrical dosimeters can be used but in view to
have higher sensitivity d4h14 is recommended.
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