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Abstract

A new type of solid state/EPR dosimeters is described. Principally, it contains radiation sensitive
diamagnetic material, some quantity of EPR active, but radiation insensitive, substance (for example
Mn^+/Mg0) and a binding material. In the present case alanine is used as a radiation sensitive
substance. With this dosimeter, the EPR spectra of alanine and Mn^+ are simultaneously recorded and
the calibration graph represents the ratio of alanine versus Mn̂ "1" EPR signal intensity as a function of
absorbed dose. In this way the reproducibility of the results is expected to be improved significantly
including their intercomparison among different laboratories. Homogeneity of the prepared dosimeters
and their behaviour (fading of EPR signals with time, influence of different meteorological conditions)
show satisfactory reproducibility and stability with time. Because two different EPR active samples are
recorded simultaneously, the influence of some instrument setting parameters (microwave power,
modulation amplitude and modulation frequency) on the ratio lalanine^Mn *s a ' s o investigated.

1. INTRODUCTION

The increased applications of ionising radiation processing need a reliable reference and transfer
dosimetry system. Since the first proposal of powder alanine as a radiation detector [1] this idea has
been developing [2-6] and as a result currently many types of alanine dosimeters of different size and
shape are available [7], even commercially [8, 9]. They consist of powder L-a- or DL-a-alanine and
some binding material - paraffin, cellulose, polymer or silicon. The reason for the growing interest of
using these types of dosimeters is that the free radicals induced by high energy radiation in alanine are
very stable and the intensity of their EPR signal increases linearly over a wide range of absorbed doses.
On the other hand, the size of dosimeter is small, they can be easily transported, a non-destructive
reading is used for the estimation of the dose and they could be kept as a document,.

However, there are various sources of uncertainties in the evaluation of absorbed dose with the
described dosimeters, the main of which is the necessity to calibrate each EPR spectrometer and to
prepare calibration graph for each batch of dosimeters available in the appropriate laboratory before
their use. All this is connected with very large discrepancies in the results obtained by different labs and
even on different spectrometers in one lab. In order to improve the accuracy of the estimation of the
absorbed dose and to facilitate the comparison of the results obtained in different laboratories and EPR
spectrometers, we have recently proposed a new type of solid state/EPR dosimeter [10, 11]. Besides L-
a-alanine powder as a radiation sensitive material and paraffin as a binder, it contains MgO doped with

^+ , acting as an internal standard. The preliminary EPR studies from this laboratory show that
1 magnetically diluted in MgO is radiation insensitive material in the dose interval 1-50 000 Gy

[12]. Thus, in this type of solid state (SS)/EPR dosimeters the EPR spectra of alanine and Mn̂ "1" are
simultaneously recorded and the calibration graph represents the ratio of alanine versus Mn^4" EPR
signal intensity as a function of absorbed dose.
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The aim of this work is to extend the investigations on the behaviour of such dosimeters with
respect to their homogeneity, influence of some meteorological factors and EPR signal fading with time
after irradiation. On the other hand since two different EPR active samples are simultaneously recorded
the influence of some instrument setting parameters on the ratio lalanine^Mn w a s studied in order to
choose the most appropriate values of them, making the determination of absorbed dose more accurate.

2. EXPERIMENTAL

All chemicals were purchased from Merck and used without treatment.

The internal standard of Mn^+ magnetically diluted in MgO has been prepared as described [12].

The set of dosimeters was prepared by mixing and homogenization of L-a-alanine (75% w/w),
magnetically diluted in MgO (15% w/w) and paraffin (10% w/w), used as a binding material.

The dosimeters were extruded from this mixture in the form of cylinders with a diameter of 3 mm and a
length of 10 mm.

The dosimeters were irradiated with y-rays in the dose region 100-50 000 Gy on the irradiation
unit "Isledovatel" (former USSR) with a dose rate of 1.8 kGy/h. The gamma irradiation was performed
in air and at room temperature.

The EPR spectra were recorded on a Bruker ER200D SRC spectrometer at room temperature in
a form of first derivative.

Typically all measurements were performed at least 72 hours after irradiation.

3. RESULTS AND DISCUSSION

3. 1. Internal radiation insensitive standard

was chosen as an internal standard because it fulfils the requirements for such material
[12], namely: our previous studies had shown that at room temperature the host lattice (MgO) is EPR
silent; there are no changes in the intensity and other EPR parameters of the Mn^+ spectrum after y-
irradiation with doses up to 100 kGy [12]; Mn̂ "1" EPR lines are not overlapping with the central part
of alanine EPR spectrum; MiP-+ lines are narrow, easily and unambiguously distinguished from those
of alanine.

3. 2. Radiation detector

Figure 1 shows an EPR spectrum typical of the new generation of alanine dosimeters.

After irradiation, only changes in the intensity of the alanine EPR spectrum occur, whereas the
intensity of Mn2+ EPR signal remains constant. Thus the ratio Iaianine^Mn w^ dependent only on the
absorbed dose and will be fully independent of the spectrometer used. Therefore, it is obvious that
recording spectra under these conditions will permit to find with high accuracy the exact dependence of
the alanine EPR response, represented by the ratio Iaianine^Mn' o n ^ absorbed dose from high energy
radiation.
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FIG. 1. Typical EPR spectrum of self-calibrated alanine/EPR dosimeter.

3. 3. Dose response

Figure 2 shows a plot of the intensity of the central line of alanine EPR spectrum of dosimeters
irradiated with different doses as a function of absorbed dose. This calibration graph may be used only
for the present batch of dosimeters and for the EPR spectrometer for which it is prepared. For other
spectrometers and/or other dosimeter batches different calibration graphs will be valid.

Figure 3 shows the plot of response of the new type of alanine dosimeter. In it not the intensity
of alanine versus absorbed dose, but the ratio between the intensity of the alanine EPR signal and the
averaged intensity of the third and fourth Mn2+ lines versus absorbed dose is plotted. The simultaneous
recording of the spectrum of the radiation sensitive material and of the standard under the same
experimental conditions strongly reduces the uncertainties in the dose estimations with these dosimeters.
Moreover, this calibration curve is independent of the spectrometer and depends only on the absorbed
dose. The response of the described dosimeters for y-rays in the range of absorbed dose of 100 - 50 000
Gy is found to exhibit excellent linearity and reproducibility within 1%.

On the other hand, using this new type of alanine dosimeters there is no need for each laboratory
to prepare its own set of standard samples irradiated in advance with known doses for the calibration of
the dosimetry system. It may be expected that the producers of these new type of dosimeters will supply
the users with information about the value of the response (laianine^MnV^y f° r e a c n Dateh, which will
be characteristic for the dosimeters. In this way, the accuracy of dose estimation will be increased and
the results obtained at different laboratories will become comparable. The alternative is to apply the
method of the "additional dose" in order to find the response (laianine^MnV^y with one dosimeter of the
batch.

3. 4. Influence of EPR recording conditions

Because after irradiation the described dosimeters contain two EPR active materials, the EPR
instrument settings parameters and conditions for simultaneous recording of undistorted spectra of both
substances become important. However, it is worth to note that in order to get higher sensitivity it is
also possible after inserting the dosimeter in the EPR cavity to record consecutively two separate
spectra - one for Mn2+ and another for alanine free radical with different EPR instrument settings
parameters. In view of this, both possibilities were studied and in the following we describe the EPR
instrument setting conditions for simultaneous undisturbed recording of the spectra of both the
substances, and also the conditions when the consecutive procedure is used.
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FIG. 2. EPR calibration curve for alanine dosimeters irradiated with y-rays
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FIG. 3. Dose response curve for the new type solid state alanine dosimeters
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3. 4. 1. Microwave power

Figure 4 shows the ratio of the peak-to-peak EPR signal height of the central hyperfine line of
alanine and those of Mn2+ as a function of the square root of microwave power, P, for irradiated
dosimeters. The averaged peak-to-peak intensity of the third (g^ = 2.0330) and fourth (ĝ V = 1.9810)
Mn2+ lines was taken as a measure of the peak-to-peak intensity of Mn2+. As seen this ratio remains
unchanged up to about P = 1 mW and then significantly increases. This effect may be explained with
the fact that at P > 1 mW the EPR spectrum of Mn2+ is under saturation and thus it is no longer
linearly dependent on P1/2. Under the same experimental conditions the EPR response of alanine is still
in linear dependence of P1/2. Therefore, the microwave power must be less than 1 mW for simultaneous
recording of the particularly reported SS/EPR dosimeters. On the other hand, separate EPR
measurements of Mn2+ (at P < 1 mW) and alanine (P > 1 mW) will increase the sensitivity of the
estimations.
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FIG. 4. The ratio of the EPR signal intensity of alanine andMn2+ recorded
simultaneously as a Junction of the square root of microwave power, P.

3. 4. 2. Modulation amplitude

The ratio Iaianine/iMn ^ a function of the modulation amplitude is plotted in Fig. 5 for the case
of simultaneous reading. There is a flat region up to 0.5 G, and after that the ratio Ialanine^Mn
increases. This effect is due to the differences in the EPR line widths of alanine and Mn2+/Mg0. The
present results show that working in the range 0.1 - 0.5 G will assure linear response of the ratio
^alanine^Mn v e r s u s absorbed dose of high energy radiation in the case of simultaneous recording.
However, to increase the sensitivity it is possible to record two separate spectra - one with modulation
amplitude up to 0.5 G for recording of unperturbed Mn2+ line and another with c.a. 5 G for alanine.
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FIG. 5. The ratio ofalanine andMn2+ EPR signal intensity as a
Junction of modulation amplitude, A.

3. 4. 3. Modulation frequency

The EPR spectra of irradiated alanine dosimeters were recorded at the modulation frequency of
12.5 kHz and 100 kHz. It was found that the modulation frequency changes only the absolute value of
the peak-to-peak height of both signals, but not their ratio.

3. 5. Homogeneity test

Three randomly selected dosimeters from a batch of 50 dosimeters were irradiated at the same
dose of c.a. 3 kGy and then were measured by the described simultaneous procedure (vide supra). After
three consecutive measurements of the EPR spectrum of each of the dosimeters including the procedure
inserting-removing-inserting of the dosimeter in the cavity of the EPR spectrometer the deviation was
found to be within ±2%.

3. 6. Fading characteristics under storage conditions

The behaviour of the described self-calibrated dosimeters with time after irradiation was studied
in respect to the EPR signals fading. The results show that the ratio Iaianiiie^Mn remains unchanged
over a two year period. Thus, after the first recording of the ratio Iaianine^Mn' ^ e dosimeter may be
kept as a document and it is very easy to re-check at any time without additional calibration graphs.
The reproducibility of the data was found to be in the frame of 1%.

3.7. Influence of some meteorological factors

The studies on the behaviour of the ratio Iaianine^Mn w a s done a t different meteorological
factors, such as temperature (270 - 330 K) and humidity (40 - 95%). It was found that they do not
affect the ratio Iaianine^Mn- Moreover, it was found that there is no influence on the ratio
even in the cases when dosimeters were kept in water for one hour.
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4. CONCLUSIONS

The main conclusion is that the described self-calibrated SS/EPR dosimeter with alanine as a
radiation sensitive material is promising, specially in respect to the significant improvement of the
reproducibility of the estimations by different EPR spectrometers and laboratories, and the insensitivity
of the estimations on external meteorological factors. It makes the analysis more accurate especially in
transfer dosimetry, where the data obtained from different laboratories must be compared. Because the
fading of the EPR signals is not significant for the present self-calibrated dosimeters, it is possible to
repeat very easily the measurements after unlimited (up to now for 2 years) period of time without
applying any corrections.
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