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Abstract

To follow the rapid development of radiation processing with electron beams, it is urgent to set
up a set of dosimetric standards to provide Quality Assurance (QA) of electron beam irradiation and
unify the values of the quality of the absorbed dose measurements for electron beams. This report
introduces a set of dosimetry systems established in Radiometrology Center of China Institute of Atomic
Energy (RCCIAE), which have been or will be used as dosimetric standards in the Nuclear Industry
System (NIS) in China. For instance, the potassium (silver) dichromate and ceric-cerous sulfate
dosimetry systems will be used as standard dosimeters, while alanine-ESR dosimetry system as a
transfer dosimeter, and FJL-01 CTA as a routine dosimeter.

1. INTRODUCTION

In recent years, the radiation processing with gamma rays and electron beams have been
extensively developed in China. So far in the last decade, more than 100 ^Co gamma irradiation
facilities and more than 40 electron beam irradiation facilities have been set up, which are now widely
used in industry, medicine and agriculture. With the rapid development of radiation processing, it is
realised that accurate and reliable high-dose measurements are very essential.

From 1980's, RCCIAE has done much work for gamma ray and electron beam irradiation. To
begin with, four types of liquid chemical dosimetry systems were studied and set up for gamma ray
irradiation in RCCIAE. As no dosimetric standard was established for electron beam irradiation till
1994, RCCIAE has placed extra effort to develop a set of dosimetry systems suitable for measuring the
absorbed dose for electron beams. First, two liquid chemical dosimetry systems were established as
standard dosimeters, they are the potassium (silver) dichromate and the ceric-cerous sulfate dosimeters.
At the same time, RCCIAE also began to study a low-cost and mass-producible dosimetry system
cellulose triacetate (CTA) thin film dosimeter to meet the requirement of routine quality control for
electron beam irradiation. Right after these works, another mass-producible dosimetry system alanine-
PE thin film dosimeter was developed, which is expected to be used as transfer dosimeter for electron
beams. In the following, the three levels of dosimetry systems are described.

2. LIQUID CHEMICAL DOSIMETRY SYSTEMS

The liquid chemical dosimetry is a basic method for measuring the absorbed dose for gamma ray
and electron beam irradiation, which is based on proportional relationship between radiation-induced
variation of optical absorbance at a given wavelength and absorbed dose. The liquid chemical
dosimeters can be used to measure the absolute absorbed dose at a given location.

Though the G value of the Fricke dosimeter does not change with dose rate up to 1x 106 Gys"1,
it's small dose range makes it unsuitable for electron beam irradiation. Similar to the Fricke dosimeter,
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the ceric-cerous sulfate dosimeter is also not dose rate dependent under lxlO6 Gy-s"1. It was also shown
that no effect of dose rate occurred in the dichromate dosimeter containing silver ions up to 4 u.s, 600
Gy pulse [1], Thus in 1994, after the four types of aqueous chemical dosimetry systems for gamma rays
had been approved by the National Institute of Metrology (NIM) [2,3,4], RCCIAE tried to extend two
liquid chemical dosimetry systems - the potassium (silver) dichromate and ceric-cerous sulfate
dosimeters to electron beam irradiation.

Different to the dosimeters for gamma rays, the dosimetric solutions were sealed in self-made and
mass-producible coin-shaped containers, which were made of polystyrene with lmm in the incident
window, 2 mm in the back, 46 mm in o.d., 40 mm in i.d. and 7 mm in height, see Fig. 1 of Ref. [2], The
total volume of the dosimeter is about 4 ml. It has good rigidity and is easy to handle.

The composition of the two dosimetry systems are shown as follows:

- Potassium (silver) dichromate dosimeter:
2 mmol-L1 K2Cr207 and 0.5 mmol-L"1 Ag2Cr207 in 0.1 mol-L"1 HC1O4

- Ceric-cerous sulphate dosimeter:
0.01 mol-L'1 Ce4+ and 0.004 mol-L"1 Ce3+

The two dosimetry systems were calibrated against the Fricke dosimeter made in RCCIAE with
60Co gamma rays. The Fricke dosimeter was traceable to the national dosimetry standard of the NIM.
Before irradiation, the coin-shape dosimeters were placed in the specially designed phantoms to prevent
from back and side scattering of the secondary electrons. Dose response of the two dosimetry systems,
irradiated with electron beams (linear accelerator, 12 MeV, 100 uA, dynamic irradiation with 1.4
m-min"1 of the conveyor speed), was measured at 25.0±0.1 °C by spectrophotometry (Cary-3E,
VARIAN) at 440 nm for the potassium (silver) dichromate dosimeter and 318 nm for the ceric-cerous
sulfate dosimeter. Figure 1 shows the dose response curves of the two dosimetry systems for the coin-
shaped and rod-shaped (glass ampoules). The precision were within ±1 % (at 68 % confidence level).

To study the difference in the G values for the two dosimetry systems between gamma rays and
electron beams, a series of comparisons with the water calorimeter, made in China Institute of
Engineering Physics (CIEP), was conducted with 12 MeV (100 jxA, dynamic irradiation with
1.4 m-min"1 of the conveyor speed) and 4 MeV (100 uA, stationary irradiation) electron beams. The
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FIG. 1. Dose response curves of coin-shaped and rod-shaped potassium (silver) dichromate and
ceric-cerous sulfate dosimeters

A - coin-shape ceric-cerous sulfate dosimeter; • - rod-shape ceric-cerous sulfate dosimeter
o - rod-shape dichromate dosimeter + - coin-shape dichromate dosimeter
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agreements were better than ±5% over the dose range of 10~50 kGy. Thus, we may conclude that the G
values for the two dosimetry systems is independent of the dose rate under above radiation conditions.
The overall uncertainties of these two liquid chemical dosimetry systems were 4.8 % at 95 % confidence
level.

3. ALANINE-ESR DOSIMETRY SYSTEM

It is well known that the alanine-ESR dosimetry system has been successfully applied as a
reliable high-dose transfer dosimetry, which is based on the linear relationship between the stable free
radicals in irradiated DL- or L-a-alanine measured by electron spin resonance spectroscopy and
absorbed dose. It has been judged to be the most suitable dosimetry system for IDAS, with its high
precision, near tissue equivalency, broad useful dose range, insensitive to ambient environment, long-
term stability of free radicals and nondestructive readout approach. Since 1985, some laboratories in
China have studied and set up alanine-ESR dosimetry system. However, few of them have applied it for
practical use with electron beam irradiation. Moreover, all of these alanine dosimeters were made in
small batches, which were relatively difficult to reproduce in large batches. As there was no transfer
dosimeter established for electron beams till 1996, RCCIAE started to develop a reliable and mass-
producible alanine/PE dosimeter in order to meet the requirements of standardization of dosimetry for
electron beam irradiation.
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FIG. 2. Dose response curve of the alanine/PE thin film dosimeter
• - for 12-MeV electron beams; • - for ^Co gamma rays
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FIG. 3. Field distribution (perpendicular to conveyer motion) curve for 12 MeV electron beams with
the alanine/PE thin film dosimeter
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The alanine/PE dosimeter developed in RCCIAE was produced by extrusion of a mixture of
66.7 wt% ground polycrystalline DL-alanine with 33.3 wt% low-density polyethylene as binder. The
mixture was extruded at 160~165 by Bravender Plastogragh into a strip with 30 mm in width and about
200 \xm in thickness, which was then cut into 30 mm in length, 7.5 mm in width as one dosimeter.
Before cutting, the thickness of the strip was carefully measured by HEIBENHAIN Counter (VRZ-405,
HEIBENHAIN). The lateral and vertical common differences of the thickness were less than ±15 urn
and ±3 (xm, respectively. The density of the dosimeter was about 1.11 gem'3. The analysis was
performed at NIM at 25using ESR spectroscopy (RE-1X, JEOL). Figure 2 shows the dose response
curves for gamma rays and electron beams, in which the good linear dose range is 102~104 Gy. Figure 3
shows the field distribution (perpendicular to conveyer motion) for 12 MeV electron beams. The
repeatability of the dosimeter was less than 0.7 % at 68 % confidence level. Further research of other
dosimetric characteristics is in process.

4. RADIOCHROMIC DOSIMETRY SYSTEM

In radiation processing with electron beams, the reproducibility of absorbed dose in the product
depends not only on variation of beam current and conveyor speed, but also on variation of other
accelerator parameters such as electron energy, etc. Though some film dosimeters, FWT-60 (Far West
Technology, 50 um) and GafChromic D-200 (Gaf Chemicals Corporation, 120 |im), are currently being
used, they are relatively sensitive to UV-light, temperature and humidity, and relatively expensive,
which make them difficult to apply for routine quality control in China.

Compared with above dosimeters, the cellulose triacetate (CTA) film is a useful and low-cost
plastic dosimeter for electron beam irradiation, which is based on linear relationship between radiation-
induced optical absorption at a given wavelength and absorbed dose. To meet the requirements of
routine dosimetry, RCCIAE took nearly two years to develop a self-made and mass-producible CTA
thin film dosimetry system (FJL-01), which was approved by NIM in 1996 and is now being used as a
routine dosimeter for electron beam irradiation.

Some chemical-physical parameters and main dosimetric properties of this film dosimeter are
shown in Table I.

TABLE I. SOME BASIC PARAMETERS AND DOSIMETRIC PROPERTIES OF THE FJL-01
CTA THIN FILM DOSIMETER

Mass Composition

Average atomic number
Commercial Dimension
Common Difference on Thickness
Density
Absorbance of unirradiated film (at 280nm)
K-valuea

Dose range
Energy range
Overall uncertainty

cellulose triacetate 85 wt%
triphenylphosphate 15 wt%
6.7
200 mm (1) x 70 mm (w) * 125 ^m
± 5 |xm
1.295 g-cm'3

0.185-0.205
6.7 AA'Gy"' (dose rate > 105Gys'')
10-300 kGy
1-12 MeV
< 8% ( at 95% confidence level)

(t)

' Defined as an optical absorbance change per unit dose.
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FIG. 4. Dose response curve of the FJL-01 CTA thin film dosimeter

ye
 d

os
e

R
el

at
r

1

OS

0.6

0.4

02

n

I
P

\ \
- \\\\\ \ \i til V V_

10 15 20 25 30 35 40

Depth in CTA dosimeter (mm)

FIG. 5. Depth-dose distribution curves of different energies from 1.2 MeV to 12 MeV
1-1.2 MeV; 2-1.4 MeV; 3-1.6 MeV; 4-1.8 MeV; 5-2.0 MeV; 6-4 MeV; 7-12 MeV
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FIG. 6. Typical dose uniformity curve for dynamic irradiation of cable
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The analysis was performed by spectrophotometry (Cary-3E, VARIAN). Cary-3E
spectrophotometer can measure not only a single flat of lcmxlcm dosimeter but also a strip of
dosimeter with 1 cm x 10cm in dimension. Due to its high spatial resolution, the FJL-01 CTA dosimeter
can be used to measure field distribution, depth-dose distribution and dose uniformity in products. The
most probable electron beam energy and any dose values at effective points [ 1 ] can be determined from
the depth-dose distribution curves. The dose response curve of the FJL-01 CTA dosimeter is shown in
Fig. 4. Figures 5 and 6 show the depth-dose distribution curves for different energies, and the dose
distribution for cable irradiation.

5. SUMMARY

Since 1994, RCCIAE has established several dosimetry systems of different levels, which have
almost enough capability to meet the requirements for electron beam irradiation. The coin-shape
potassium (silver) dichromate and ceric-cerous sulfate dosimetry systems have good linearity of dose
response, with the overall uncertainty of 4.8 % (at 95 % confidence level). Based on the good
agreements with the water calorimeter, the G values determined with 60Co gamma rays can be directly
used to measure the absorbed dose for electron beams.

The alanine/PE thin film dosimeter made in RCCIAE is mass-producible and has good uniformity
and spatial resolution, which can be used to measure not only absorbed dose but also the field
distribution. It is expected to play an important role in transfer dosimetry for electron beam irradiation.
Our next objectives are to apply it to radiotherapy and develop another alanine dosimetry system for
neutron beam irradiation.

The FJL-01 CTA thin film dosimeter is also reliable and mass-producible, which has been used
as a routine dosimeter for electron beams. The combination of its high spatial resolution with
continuous measurement by Cary-3E spectrometer make it extensively applicable to practical cable
irradiation to provide information on dose homogeneity, which is very important and useful for industry.
It can also be used to measure field distribution and depth-dose distribution, from which the most
probable energy and any dose values at the effective points can be calculated. The overall uncertainty of
FJL-01 CTA thin film dosimeter is 8 % (at 95 % confidence level).
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