
IAEA-SM-356/63

IAEA REFERENCE DOSIMETER: ALANINE-ESR
I inn mm

XA9949739
K. MEHTA, R. GIRZIKOWSKY
Dosimetry and Medical Radiation Physics Section,
International Atomic Energy Agency,
Vienna

Abstract

Since 1985, the IAEA has been using alanine-ESR as a transfer dosimeter for its dose quality
audit service, namely the International Dose Assurance Service. The alanine dosimeters are rod-type
containing 70 wt% DL-a-alanine and 30 wt% polystyrene. We have two self-shielded gamma
facilities for the calibration of the dosimetry system, where the temperature within the irradiation
chamber can be controlled by a specially designed unit. A 4th order polynomial is fitted to the 16 data
points in the dose range of 100 Gy to 50 kGy. The measured value of the irradiation temperature
coefficient at two dose values (15 and 45 kGy) is 0.23 %/°C. Also, the ESR-response was followed
for several dosimeters for about 8 months to study the post-irradiation effect. A value of 0.008 %/day
was observed for the fading of the response for two dose values (15 and 45 kGy) and three irradiation
temperatures (15, 27 and 40 °C). The effect of the analysis temperature on the ESR response was also
studied. The combined relative uncertainty for the IAEA alanine-ESR dosimetry system is 1.5%
(k=l). This includes that transferred from the primary laboratory for the dose rate measurements of
the gamma facilities, dosimetry system calibration uncertainties, batch variability and uncertainty in
the curve fitting procedure. This value however does not include the contribution due to the
irradiation temperature correction which is applied when it differs from that during calibration; this
component being specific for each dose measurement.

1. INTRODUCTION

Several guidelines and standard practices have been developed by international and regional
organisations, such as ISO, WHO, FAO, CAC, CEN, ASTM and AAMI (for example, Refs [1-4]).
One of the principal concerns of all guidelines is process validation - the objective of which is to
establish documentary evidence that the radiation process will reliably achieve the desired results. The
key element in process validation is a well characterised, reliable and accurate dosimetry system that
is traceable to a primary standard dosimetry laboratory (PSDL). To help developing Member States to
establish such a dosimetry system, the IAEA started the "High-dose dosimetry programme" in 1977
[5,6]. One of the principal elements of this programme is the dose quality audit service (International
Dose Assurance Service, IDAS) for gamma radiation which was initiated in 1985 [6].

The transfer dosimetry system used for the IDAS is alanine-ESR. The selection of alanine was
based on several intercomparisons that were conducted by the IAEA in early 1980s for this specific
purpose [6]. Amongst the dosimeters tested, alanine-ESR was judged to be the most suitable
dosimeter for the IDAS for the following reasons: near-tissue equivalency, insensitivity to ambient
environment, broad useful dose range, non-destructive analysis, and little fading of response with
time. At that time, this was a 'new' system used by hardly any standard laboratories. Today, almost
every PSDL and SSDL is using alanine-ESR as a reference or a transfer system.

2. DOSIMETRY SYSTEM

The IAEA reference dosimetry system consists of rod-type DL-a-alanine dosimeters, Bruker
ESR spectrometer, an in-house 60Co calibration facility, and documented procedure for the use of the
system.
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2.1. Alanine dosimeter

The alanine dosimeters presently in use at the IAEA dosimetry laboratory are 'Aminogray'
purchased commercially1 and are rod type: 30 mm long and 3 mm in diameter. The dosimeter consists
of polystyrene (30 wt%) as the binder material and DL-a-alanine as the radiation sensor (70 wt%).
The dosimeter is placed inside a sealed polystyrene capsule which provides the required buildup
material to achieve secondary electron equilibrium for 60Co photons and also provides a controlled
humidity environment. Some of the relevant characteristics of the dosimeter are given in Table I.

TABLE I. CHARACTERISTICS OF AMINOGRAY DOSIMETER

Property

Composition
dosimeter
capsule

Dimensions
dosimeter
capsule

Background response
Density
Effective atomic number (Z)
Irradiation-temperature coefficient
Post-irradiation response fading

Value

70 wt% alanine + 30 wt% polystyrene
polystyrene

30 mm long, 3 mm diameter
50 mm long, 12 mm diameter, 4 mm wall
equivalent to about 5 Gy
1.30 g/cm3

6.2
+ 0.23 %/°C
0.008 %/day

2.2. Spectrometer

The ESR spectrometer in use at the IAEA dosimetry laboratory is the Bruker X-band ESP-3-
9/2.7 with a rectangular cavity. The spectrometer is housed in a room where the temperature is
maintained within ±2 °C. The peak-to-peak height of the central line of the first derivative of the ESR
absorption spectrum is used as the radiation-induced response.

Details of the spectrometer and measurement parameters are given below:

Spectrometer - Bruker ESP 300, X-band with 9" magnet;
Cavity - TMH8808 rectangular cavity;
Microwave power - 1.3 mW;
Modulation amplitude - 2.0 G;
Field sweep - 150 G;
modulation frequency - 12.5 kHz.

2.3. Calibration

The dosimetry system is calibrated over the full range of the IDAS, namely 100 Gy to 100 kGy
of the absorbed dose in water. The dosimeters were irradiated in the two in-house self-shielded 60Co
facilities (Gammacell 220 from Nordion) to cover the total dose range. The dose rate in the central
region of the irradiation chamber of each Gammacell was measured by transfer dosimeters from the
National Physical Laboratory of U.K. The values of the dose rate in this location are 1.96 and 41.4
Gy/min (01-01-1998) for the two Gammacells. Also, film (GafChromic DM-1260) dosimeters were
used to establish the isodose contours within the irradiation chamber.

1 These are supplied by Hitachi Cable International, Ltd.
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Sixteen dose points (equally spaced on the log-scale) from 100 Gy to 100 kGy were selected for
the calibration of the system. Three dosimeters were irradiated simultaneously at each dose level in a
specially designed polystyrene holder. The temperature of the dosimeters was controlled within ±1 °C
for all irradiation using a Peltie device. A fourth-order polynomial function provides the best fit to the
data.

2.4. Procedure

The IAEA dosimetry laboratory operates under a quality assurance programme that is based on
Guide 25 of the ISO [7]. Under this QA programme, we have established a standard operating
procedure for the use of our alanine-ESR dosimetry system, which is consistent with the relevant
ASTM standard [8].

3. INFLUENCE PARAMETERS

The ESR response of Aminogray dosimeters is affected by several influence quantities. We
have studied this effect for four parameters: angular orientation of the dosimeter in the cavity,
irradiation temperature, time after irradiation and analysis temperature.

3.1. Angular orientation

A goniometer was used to measure the ESR response as a function of the angular position of the
dosimeter in the cavity. The response was measured every 10° for two dosimeters irradiated at 1 and
40 kGy (see Fig.l). The periodicity for both the cases is about 180°. Thus, every dosimeter is
measured at two angles orthogonal to each other, and the mean value is taken as the response for
further analysis.

3.2. Irradiation temperature

The value for the irradiation-temperature coefficient for alanine dosimeter as reported by
various users varies between 0.15 and 0.30 %/°C. We have measured this influence for Aminogray
dosimeters at 15 and 45 kGy over the temperature range of 5 - 45 °C. The value of the irradiation-
temperature coefficient based on these data is 0.23 %/°C for both the dose levels [9].

101.50

98.50
60 120 180 240

angular position [deg]

300 360

FIG. 1. ESR response of Aminogray dosimeter (irradiated to 40 kGy) as a function of angular
position. The results are similar for I kGy.
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3.3. Time evolution

We measured the ESR response of several dosimeters over a period of about 8 months after
irradiation for different irradiation conditions: two dose values (15 and 45 kGy) and three irradiation
temperatures (15, 27 and 40 °C). The time evolution of the ESR response for all the six cases was very
similar. The first measurement was about 12-24 hours after the end of irradiation. We observed a
small increase of the response (0.5-1 %) over the first few days. The response was then almost
constant for 10-15 days after which time it started to decrease very slowly. The average fading rate for
all the irradiation conditions was about 0.008 %/day [9]. The initial rise is statistically significant and
was present for all the six cases studied. This phenomenon is explained by Dolo et al. [10] by
assuming that the creation of the alanine radical is a two-step reaction proceeding through a transient
species. In all cases, the dosimeters were pre-treated at 25-40 % r.h. for 2-3 months before irradiation,
and the temperature of storage before and after irradiation was 20-25 °C. This is the normal procedure
according to our SOP.

3.4. Analysis temperature

We also studied the effect of the temperature of the cavity on the ESR response. The temperature was
measured by a mercury thermometer placed very close to the cavity. The cavity temperature was
varied between 15 and 26 °C by varying the room temperature. The analysis-temperature coefficient
was -0.75 %/°C based on this limited set of data.

4. DOSE MEASUREMENT UNCERTAINTY

To determine the total uncertainty of the dosimetry system, the dose measurement system is
divided into various components, sub-components and activities following the ASTM standard El707
[11]. The contribution to the uncertainty in the measured value from each of these activities was
identified and the values for type A and type B evaluated as suggested by ISO [12]. These
contributions are then combined to yield the total estimate of the uncertainty value. These values are
given in Table II.

4.1. Reference dose rate

The uncertainty in the dose rate value at the reference location in the Gammacell is largely
transferred from the PSDL that measured the dose rate using their transfer dosimeters. The dose rate
for the high dose-rate Gammacell was measured by the NPL using dichromate transfer dosimeters.
Adding a small contribution for the timing of the irradiation period to their stated value, the
uncertainty in the dose rate value is 1.1 % (k=l).

4.2. Calibration of alanine-ESR dosimetry system

The dosimetry system is calibrated as mentioned above by irradiating the dosimeters in the
known reference field. This procedure consists of four sub-components: irradiation of the dosimeters,
ESR analyses of the irradiated dosimeters, intra-batch variability, and polynomial fit of these data.
Type A and type B uncertainties for each of these four sub-components were evaluated and combined
to give the value of 0.90 % (k=l) for this component.

Combining this value with the uncertainty in the dose rate value (1.1 %), the total uncertainty of
the dosimetry system is 1.5 % (k=l).

4.3. Dose measurement

When the calibrated dosimetry system is used for the measurement of an unknown dose at a
point, there are further contributions to uncertainty. The two sub-components here are: irradiation of
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TABLE II. ALANINE-ESR DOSIMETRY UNCERTAINTY

Component type A type B

1. DETERMINATION OF THE GAMMACELL DOSE RATE
Transferred mainly from PSDL 0.86 0.64

Combined uncertainty for 1. 1.1

2. CALIBRATION OF THE DOSIMETRY SYSTEM
Irradiation
ESR measurement
Intra-batch variability
Polynomial fit

Total of 2.
Combined uncertainty for 2.

Combined uncertainty of the calibrated system (1+2)

3. DOSE MEASUREMENT USING THE SYSTEM(3 dosimeters)
Irradiation :

Irradiation temperature
Temperature coefficient
Fading correction

ESR measurement

0.21
0.25
0.7

0.78

0.21

0.44

0.44
0.90
1.5

0.23 x 8T/V3a

0.02 x AT b

0.002 x 5 D c

8T is the uncertainty in the irradiation temperature, assumed to have a rectangular probability distribution.
b AT is the temperature difference between the calibration temperature and the estimated temperature during

dose measurement, and 0.02 is the uncertainty in the value of the temperature coefficient.
c 8D is the number of days representing the time interval between irradiation and ESR analysis less 20, and

0.002 is the uncertainty in the value of the fading rate.

dosimeters and ESR analyses of the irradiated dosimeters. If the irradiation conditions are not the
same as those during calibration, it is necessary to apply certain corrections (for example, for
irradiation temperature and the time interval between irradiation and analysis). However, application
of these corrections add further to the total uncertainty. These corrections and the associated
uncertainty in the corrections are case specific but could amount to about 1.4 % (if the irradiation
temperature is known within ±10 °C only).

5. MAINTENANCE OF QUALITY

To maintain the dosimetry system at a high level of quality, several special activities besides the
routine ones are followed at the IAEA dosimetry laboratory. These include: frequent traceability
exercises, proficiency tests and intercomparisons.

As mentioned above, our dose measurements are traceable to a PSDL through the dose rate
measurements of our in-house calibration facilities using the transfer dosimeters from them. This is
accomplished regularly at an interval of 3-4 years or if there is any significant change in the
calibration facility, such as the dosimeter holder geometry.

Proficiency test is performed once a year where our dosimeters are sent to a PSDL to be
exposed at three dose levels, which are then analysed by the IAEA dosimetry laboratory and the
results compared with the PSDL values. Any discrepancy greater than the uncertainties of the two
systems is investigated. This is a 'blind' exercise.
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Also, the IAEA dosimetry laboratory participates in intercomparisons between calibration
laboratories organised by, for example, the International Bureau of Weights and Measures (BIPM).

6. CONCLUSION

The alanine-ESR has performed well as a reference dosimeter for the radiation processing dose
levels for the IAEA's dose quality audit service for 60Co gamma radiation.
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