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Abstract

A dose intercomparison study was carried out between the Philippine Nuclear Research Institute
(PNRI) and Takasaki Radiation Chemistry Research Establishment, Japan Atomic Energy Research
Institute (JAERI) to determine reliability of the dosimetry systems being used by PNRI employing
ethanol chlorobenzene (ECB), Fricke and alanine dosimeters. The Fricke and ECB dosimeters were
prepared at PNRI while the alanine-polystyrene dosimeter was provided by JAERI. Fricke or ECB
dosimeters were irradiated together with alanine at PNRI gamma irradiation facilities. Analyses of the
Fricke and ECB dosimeters were performed at PNRI while alanine dosimeters were analyzed at JAERI.
A comparison study between alanine and polymethylmethacrylate (PMMA, Radix RN15) dosimeters
was also undertaken at JAERI. The dosimeters were irradiated together under different irradiation
conditions using the gamma irradiation facilities of JAERI and Radia Industry Co. Ltd. (Japan).
Evaluations of PMMA and alanine dosimeters were both performed at JAERI. Result of the dose
intercomparison of PNRI with the International Atomic Energy Agency through the International Dose
Assurance Service (IDAS) is also presented.

1. INTRODUCTION

The Philippine Nuclear Research Institute (PNRI) with the technical assistance of the
International Atomic Energy Agency (IAEA) has set up a pilot scale multipurpose gamma irradiation
facility to introduce and demonstrate radiation technology to the local industry. The facility was
commissioned in 1989 with an initial loading of about 1 PBq ^Co [1]. To increase the capacity of the
facility, additional 60Co were loaded in 1993 and in 1996. At present, the total 60Co loading of the
facility is about 4.4 PBq.

The batch type irradiator, a Gammabeam 651PT from Nordion International Co. Ltd., is
designed for research and pilot scale studies. Effectively, the source configuration can be considered as
a plane or source plaque, 112 cm wide by 140 cm high.

The availability of the irradiation facility has opened the door for the local industries to become
aware of radiation sterilization, radiation decontamination and food irradiation. Though still in a limited
scale, some local industries are now using radiation for the sterilization or decontamination of their
products, such as empty aluminum tubes, empty gelatin capsules, orthopedic implants, spices and
dehydrated vegetables.

Radiation processes like sterilization of medical products and food irradiation are directly
concerned with public health and safety. Dosimetric control of these processes has implications for the
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regulatory acceptance of the irradiated product [2]. In other radiation processes, it is used to confirm the
reliability of the process and quality assurance of the irradiated product. Dosimetry combined with
control of operational parameters will give satisfactory assurance that each process is carried out such
that the minimum dose received by the product will give the desired effect, while the maximum dose will
not have adverse effect on the product.

An informal dose intercomparison study was carried out between PNRI and Takasaki Radiation
Chemistry Research Establishment (TRCRE), Japan Atomic Energy Research Institute (JAERI) to
check the reliability of the dosimetry systems at PNRI. The dosimeters used in the study were Fricke,
ethanol chlorobenzene (ECB) and JAERI alanine dosimeters. A comparison between JAERI alanine and
polymethylmethacrylate (PMMA) dosimeters was also undertaken while one of the authors was
undergoing an on-the-job training at JAERI.

PNRI has also participated in the International Dose Assurance Service (IDAS) of IAEA.

2. EXPERIMENTAL PROCEDURES

2.1. Preparation of dosimeters

The dosimeters being used at PNRI for food irradiation and radiation sterilization and
decontamination are Fricke and ECB. Both dosimeters are prepared at PNRI.

ECB dosimeter [3] consisted of an alcoholic solution of monochlorobenzene. The solution
contained 24 vol% monochlorobenzene, 4 vol% water, 0.04 vol% acetone, 0.04 vol% benzene and
71.92 vol% absolute ethanol. The ECB solution was flame-sealed in 2-ml borosilicate glass ampoules
(10 mm diameter, Ampullagyar, Type 2) obtained from Hungary.

Fricke dosimeter containing l*10'3 mol-L"1 ferrous ammonium sulfate and lx10"3 mol-L"1 sodium
chloride in 0.4 mol-L"1 sulfuric acid was prepared according to standard procedures [4]. Polyethylene
vials (15 mm diameter and 55 mm length) were filled with the Fricke solution just before irradiation.
Before using the vials, they were conditioned by irradiating them filled with the dosimetric solution.

Alanine-PS dosimeter [5], commercially known as Aminogray, was developed by Hitachi Cable
Ltd. in cooperation with JAERI. This dosimeter was molded from a mixture of 70 wt% DL-cc-alanine
and 30 wt% polystyrene into 3 mm diameter by 30 mm length. Each dosimeter is sealed in a polystyrene
case (12 mm diameter and 40 mm length and 4 mm thick wall).

Clear PMMA dosimeters, Radix RN15, are manufactured by Radia Industry, Co. Ltd. Radix,
in its commercially available form (40x 10x 1.5 mm in size) is sealed under conditions of 25 °C and 40%
relative humidity in aluminum-coated PE pouches [6]. The outside dimensions of the pouch are
20x50 mm. The optical density of the unirradiated dosimeters was measured at 314 nm using a UV
spectrophotometer. The dosimeters were sandwiched between 3 mm of used PMMA dosimeters to
achieve approximate electron equilibrium conditions during irradiation.

2.2. Irradiation and calibration of dosimeters

2.2.1. Comparison between Fricke, ECB and JAERI alanine dosimeters

In this intercomparison, Fricke or ECB dosimeters were irradiated together with alanine
dosimeters from JAERI in a Gammacell 220 (9.1 TBq ^Co), a self-shielded gamma irradiator from
Nordion International Co. Ltd. or in the Gammabeam 651PT irradiator.
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FIG.l. Irradiation setup using Gammabeam 651PT: (a) frontview and (b) topview
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FIG. 2. Irradiation setup using Gammacell 220: (a) topview and (b) frontview

339



When using the Gammabeam 651PT, the dosimeters were placed at the center of a product box,
46 cmx32 cm><16 cm, containing dummy products having a density of about 295 kg-m"3. Dosimeters
were placed at the center of the box as shown in Fig. 1. The variation of dose in this position is within
±1 %. The product box was placed at the centerline of the source plaque, 56 cm from the source and
73 cm from the floor.

For irradiation using Gammacell 220, the dosimeters were placed in the center of a cylindrical
polystyrene container with a diameter of 15 cm and a height of 20 cm. Dosimeters were placed in six
positions 2 cm from the central axis and 10 cm from the bottom (Fig. 2). The variation of dose in these
six positions is within ±1 %.

The Gammacell 220 is also used for calibration of ECB dosimeter. The dose rate at the
calibration position was determined using Fricke dosimeter. ECB dosimeters were irradiated at the
calibration position of the Gammacell 220 to at least five known doses. Three dosimeters were
irradiated at each dose. The relationship of the absorbed dose versus the oscillotitrator reading is fitted
using a third order polynomial.

2.2.2. Comparison between alanine and PMMA (RadixRN15) atJAERI

Radix RN15 (Batch 3) and alanine dosimeters were irradiated together under different irradiation
conditions in the gamma irradiation facilities of JAERI and Radia Industry Co. Ltd. Two boxes
measuring 40 cm*34 cmx40 cm filled with dummy products with density of 220 kg-m"3 were used.
Fifteen packets containing alanine and PMMA dosimeters were placed in each box as shown in Fig. 3.
Stationary irradiation was done at TRCRE (5.8 PBq^Co). The box was rotated at half the irradiation
time. Irradiation using conveyor was done at RIC-2 facility of Radia Industry Co. Ltd. (36.6 PBq 60Co).

Ill —

I — 40 cm

x- packets of dosimeters containing alanine and PMMA

FIG. 3. Position of dosimeters in dummy product box
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2.3. Measurement

Fricke and ECB dosimeters were measured in PNRI while alanine and PMMA dosimeters were
measured in JAERI. The absorbance of Fricke dosimeters were measured immediately after irradiation
at 304 nm using a Jasco Model 7800 UV-VIS double beam spectrophotometer. The wavelength and
absorbance scale of the spectrophotometer were periodically checked using holmium oxide glass filter
and absorbance standards (Pye Unicam Ltd.), respectively. The bandwidth of the spectrophotometer is 2
nm. The response of the ECB dosimeters was measured using a high frequency oscillotitrator, Radelkis
OK 302/1 from Hungary.

The optical density at 314 nm of the PMMA dosimeters was measured immediately after
irradiation using a Hitachi UV spectrophotometer, Model 220A. Before irradiation the optical density of
the unirradiated PMMA dosimeters was also measured at 314 nm. The thickness of the dosimeter was
measured using a Mitutuyo digimatic micrometer, HDC series 293 [6]. JAERI alanine dosimeter was
measured using a compact ESR spectrometer, JEOL, Model JES 3000S [5].

2.4. Intercomparison with IDAS

ECB or Fricke dosimeters, prepared at PNRI, were irradiated together with alanine dosimeters
provided by the International Dose Assurance Service (IDAS) of IAEA [7] using the Gammabeam
651PT irradiator. The positions of the dosimeters during irradiation were as described earlier. After
irradiation, the response of the Fricke and ECB dosimeters was measured at PNRI. The results of the
absorbed dose measurement were sent to IAEA together with the irradiated alanine dosimeters for
analysis and evaluation.

3. DISCUSSION OF RESULTS

3.1. Comparison between Fricke, ECB and JAERI alanine dosimeters

The result of the intercomparison between Fricke and JAERI alanine is shown in Table I. The
average ratio between dose determined by Fricke (PNRI) to that determined by alanine (JAERI)
dosimeters was 0.948. These results showed that on the average, the PNRI Fricke dosimeter give an
absorbed dose about 5% lower than that obtained by JAERI alanine. An intercomparison [8] with the
National Physical Laboratory (NPL), Teddington, U.K., showed that the JAERI alanine agreed with
NPL measurement to within ±2%. It should be mentioned that dose measured by JAERI alanine lay
within ±2% that of IDAS alanine.

TABLE I. DOSE INTERCOMPARISON BETWEEN FRICKE (PNRI) AND ALANINE (JAERI)

1990
1991
1993

1994
Average
SD

PNRI
Fricke (kGy)a

0.218
0.202
0.222
0.057
0.098
0.200
0.297
0.395
0.123

JAERI
Alanine (kGy)a

0.228
0.218
0.226
0.060
0.106
0.212
0.314
0.425
0.126

Ratio
PNRI/JAERI
0.956
0.927
0.982
0.950
0.924
0.943
0.946
0.929
0.976
0.948
0.021

a absorbed dose in water
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Table II shows the result of the intercomparison between ECB (PNRI) and alanine (JAERI). On
the average, the ratio of absorbed dose determined by PNRI ECB to that determined by JAERI alanine
dosimeter was 1.00.

TABLE II. DOSE INTERCOMPARISON BETWEEN ECB (PNRI) AND ALANINE (JAERI)

1990
1991

1996

Average
SD

PNRI
ECB (kGy)a

17.73
11.70
32.20

1.00
5.05
14.96
24.64
34.10
48.83

JAERI
Alanine (kGy)a

17.34
12.00
32.40
1.04
5.13
14.72
23.45
33.30
49.98

Ratio
PNRI/JAERI
1.02
0.98
0.99
0.96
0.98
1.02
1.05
1.02
0.98
1.00
0.03

* absorbed dose in water

3.2. Comparison between alanine and PMMA (Radix) at JAERI

The intercomparison between PMMA (Radix) and JAERI alanine dosimeters showed that the
average ratio of dose determined by Radix to dose determined by alanine dosimeters using stationary
irradiation was 1.01 while the ratio using conveyor irradiation was 1.02 as shown in Table III. There is
good agreement between the results using stationary and conveyor irradiation although geometry
conditions and irradiation parameters (dose rate, source to product distance, source activity, etc.) in
JAERI and Radia Industry, Co. Ltd. are different.

TABLE III. COMPARISON BETWEEN PMMA AND ALANINE DOSIMETERS USING
STATIONARY AND CONVEYOR IRRADIATION

Irradiation Condition Ratio"
PMMA/Alanine

Stationary Irradiation

Conveyor Irradiation

1.01 ±0.02

1.02 ±0.02

a average of 30 dosimeters

3.3. Inter comparison with IDAS

The results of the intercomparison with IDAS are shown in Table IV. The results from 1989 to
1998 showed that dose measured by PNRI Fricke agreed to within ±1.7% of the IDAS estimated dose.
On the other hand, results obtained from PNRI ECB were in agreement within ±4.4% that of alanine of
IDAS.
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TABLE IV. RESULTS OF INTERCOMPARISON WITH IDAS

1989

1990

1991

1993

1994

1995

1996

1997

1998

Dosimeter

ECB
Fricke

ECB
Fricke

ECB
Fricke

ECB
ECB

ECB
Fricke

ECB
Fricke

Fricke

ECB
ECB

ECB
ECB
Fricke

PNRI Nominal
Dose (kGy)
14.50
0.2147

12.3
0.16311

20.45
0.214

6.00
26.32

26.9
0.2

24.47
0.203

0.2004

5.4
25.4

6.006
24.00

0.1997

IDAS Estimated
Dose (kGy)
13.80
0.2095

11.8
0.161

19.4
0.216

5.701
24.958

25.83
0.2047

25.13
0.207

0.202

5.58
26.94

6.069
25.68

0.2043

Deviation

(%)
5.07
2.48

4.24
1.31

5.41
-0.93

5.24
5.46

4.14
-2.3

-2.63
-1.93

-0.79

-3.4
-5.7

-1.04
-6.54
-2.25

4. CONCLUSION

Good agreement between dosimetry systems was obtained from the dose intercomparison studies.
On the average the PNRI Fricke dosimeter gave an absorbed dose about 5% lower than that obtained by
JAERI alanine. The average ratio of absorbed dose determined by PNRI ECB to that determined by
JAERI alanine dosimeter was 1.00.

The results of the intercomparison with IDAS showed that dose measured by Fricke agreed to
within ±1.7% of the IDAS estimated dose. On the other hand, results obtained from ECB were in
agreement within ±4.4% that of alanine of IDAS.

The intercomparison between PMMA (Radix) and JAERI alanine dosimeters showed that there is
good agreement (within ±2%) between the results using stationary and conveyor irradiation although
geometry conditions and irradiation parameters are different.

These intercomparison studies have shown the reliability of the dosimetry systems of PNRI using
ECB and Fricke dosimeters. The performance of the dosimetry systems being used by PNRI is
acceptable for routine dose measurements in radiation processing in the Philippines.
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