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9.6 Recent Progress in Application of JAERI Alanine/ESR 
Dosimetry System 
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Advanced Radiation Technology Center, JAERI 
1233 Watanuki-machi, Takasaki-shi, Gunma-ken, Japan 

Abstract Feasibility studies of application of JAERI alanine/ESR 
dosimetry system were performed on radiotherapy level dosimetry, 
low dose-rate dosimetry for residual life estimation of cable 
insulators used in nuclear power facilities, and dose monitoring 
for electron processing. 

INTRODUCTION 

Alanine/ESR(Electron Spin Resonance) dosimetry systems, which 
consist of rod or film alanine dosimeters molded with polymer as 
binders and compact precise ESR reading systems, has developed 
at JAERI mainly for reference and transfer dosimetry method 
(Kojima et al. 1989, 1993a). Alanine/ESR dosimetry has 
basically useful properties such as wide measurable dose range(l 
Gy-100 kGy), relatively high precision, long-term stability after 
irradiation, tissue-equivalent composition, and incremental dose 
measurement based on non-destructive read-out(Regulla and Deffner 
1981). Application field of JAERI system has been focussed on 
use for reference class high-dose(rate) dosimetry so far, 
although the system has above other useful properties. 

On the basis of experiences of its application to high-dose 
dosimetry, feasibility studies to expand application of the JAERI 
alanine/ESR dosimetry system were performed on the dosimetry 
fields in radiotherapy(1-100 Gy)(Kojima and Tsuda, 1995), 
dosimetry at low dose rates of 50-200 Gy/h for residual life 
estimation of cable insulators(Haruyama et al., 1995), and dose 
monitoring for MeV level electrons by using rod-shaped dosimeters 
(DL-a-alanine: 70wr%, Polystyrene: 30wt%, 3 mm in diameter)(Hou 
and Kojima, 1995). 

In this paper, these recent studies are briefly described. 

EXPERIMENTAL, RESULTS AND DISCUSSION 

(DApplication to radiotherapy dose level(1-100 Gy) 

Our developed alanine/ESR system is not designed to measure in 
the dose range of 1-100 Gy. However, it could be possible to 
measure these dose range by determination of individual zero-dose 
value and its subtraction from net dose response. 

Rod alanine dosimeters(10 mm in length) were irradiated in 
water phantom at room temperature by a linear accelerator(Clinac 
2100c, Varian, electrons:6-20 MV, X-rays:18 MV) at the Tokai 
University Hospital up to doses in the range from 5 to 40 Gy(in 
water) which are measured by a thimble-type ionization chamber 
calibrated at the Electrotechnical Laboratory(ETL), the national 
standard laboratory in Japan. Dose responses, in terms of main 
peak-to-peak height, were measured by using a conventional ESR 
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spectrometer(FE-3X, JEOL) at room temperature with appropriate 
tuning of measuring parameters. Dose values were estimated 
referring to dose response at 1 kGy, which is estimated by a 
JAERI parallel-plate ionization chamber calibrated at the ETL. 
Fig.l shows the typical first derivative ESR spectra of alanine 

dosimeters un-irradiated and those irradiated up to 5 or 40 Gy. 
The spectra of lower dose region associate with noise which is 
equivalent to about 0.3 Gy. The zero-dose responses are 
estimated within 3.5+1 Gy and subtracted from net dose responses 
after irradiation individually. Variation coefficients of five 
irradiated dosimeter responses in this dose range were about 2 
to 4%(la) as shown in Table 1, although our estimated doses were 
about 3% lower than nominal doses of the hospital. Similar 
results is obtained for electrons with different energies(6, 9, 
12, 16, and 20 MV) at about 40 Gy without energy dependence. 
These results shows that our developed alanine dosimeters can be 
used dose estimation down to 10 Gy. Further efforts on reduction 
of zero-dose response, improvement of the sensitivity of the ESR 
spectrometer, and statistical data treatment to smooth spectra 
with noise are necessary for expansion to doses below 5 Gy. 
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Fig.l The typical first derivative ESR spectra of alanine 
dosimeter-s unirradiated and irradiated up to 5 and 40 Gy. 

mignetic field sweep:334+5 mT) 
microwave power:4 mW(9.4 GHz) 
modulation amplitude:1 mT(100 kHz) 

Table 1 Dose comparison for 18 MV X-rays 
Nominal dose Estimated dose V.C.* ratio 

5 Gy 4.6 Gy 4.1 % 0.91 

10 9.8 3.1 0.98 

15 14.3 2.2 0.95 

40 38.1 1J> 0.97 
* V.C.:Variation coefficients(la) of dose responses 
are obtained by five dosimeters irradiated to the 
same absorbed dose. 
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Fig.2 One example of incremental dose response curve for about 
2,000 h under irradiation at the dose rate of 0.5 Gy/h and 
elevated temperatures. 

(2)Incremental dose measurement at low dose-rates 

For the residual life estimation of cable insulators used in 
nuclear power facilities, measurement of accumulated dose 
incrementally is required to evaluate residual life reffering to 
the relationships between mechanical or electric resistance 
properties and absorbed dose obtained by testing under simulated 
environment. Advantage to use alanine dosimeter in this field 
is ability of dose readings between annual-checks of the 
facilities for one year span, which are only chances to step into 
the facility. 
Alanine dosimeters(30 mm in length) were irradiated by 60Co y 
rays cylindrical source(0.4 TBq) at JAERI under simulated 
condition to environment of cable insulators in a nuclear power 
facilities: dose, dose rate, and ambient temperature are roughly 
<1 kGy, 0.5-200 Gy/h, and room temperature to 80°C, respectively. 

Figure 2 shows one example to measure incremental dose under 
above condition at 0.5 Gy/h for about 2,000 h. Dose response 
increases linearly up to 1 kGy at temperatures below 60°C. 
Alanine dosimeters has irradiation temperature dependence of 

+0.24%/°C, and relatively fast fading at more than 40°C(Kojima 
et al. 1992). The dose responses shown in the figure may include 
these effects. However, from practical point of view, alanine 
dosimeter can be useful for dosimetry in such a low dose-rate 
field. 

(3)Routine dose monitoring for MeV level electrons 

As reference class dosimetry for electrons with energies below 
4 MeV, we have developed thin alanine film dosimeter of 230 
±15 urn in thickness(Kojima et al. 1993b). However, rod-shaped 
dosimeters have advantages of easy-handling and suitable physical 
properties such as ruggedness. 
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In one-sided irradiation processing for electron beams, dose 
monitoring at specific position of products could be performed 
by rod-shaped alanine dosimeter after determination of 
coefficient based on relation between surface dose and measured 
dose which may work to correct contribution of depth-dose 
distribution in dosimeter itself. Dosimeters were inserted in 
polyethylene(PE) block with cylindrical holes so as to be 
positioned horizontally against vertical incident electron beams. 
Irradiation was performed by using an electron accelerator 
(Dynamitron, RDI, 1-3 MeV, 25 mA) at JAERI. 
Figure 3 shows ratios of surface dose estimated by cellulose-

triacetate(CTA) dosimeters(Tanaka et al. 1984) stack and averaged 
dose in terms of dose measured by rod-shaped alanine dosimeters, 
as a function of electron energies. The relation obtained for 
alanine dosimeters irradiated without surrounding materials is 
also shown in Fig.3. Coefficients of dosimeter responses in PE 
block and without surrounding materials are 0.83±4% and 0.87±3% 
for above 1.2 MeV, respectively. The latter value may include 
contribution of scattered electrons and of electrons come from 
oblique directions. However, once coefficients are given under 
specific condition similer to acutual irradiation processing, 
rod-shaped dosimeter can be practically used as a dose monitor 
for the processing using electrons with energies above 1.2 MeV. 
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Fig.3 The relation of ratios of surface dose estimated by using 
cellulose-triacetate(CTA) dosimeters stack and averaged dose 
in terms of dose measured by rod-shaped alanine dosimeters in 
the PE phantom, as a function of electron energies.The relation 
obtained for alanine dosimeters irradiated without surrounding 
materials is also shown in the figure. 

CONCLUSION 

As preliminary results, the followings were obtained: 
l)Low doses from 5 to 40 Gy can be estimated with the precision 
of about ±3%(la) by subtracting of the background signal(~3.5 
Gy) and by dose estimation method on the basis of the dose 
response at 1 kGy. 

H in PE block 
no surrounding 
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2)Incremental dose measurement for residual life estimation of 
materials used in a nuclear power facilities, in which the low 
dose rate is 0.5 Gy/h and total dose is up to 1 kGy, can be 
performed by alanine dosimeter under ambient temperatures lower 
than 60°C without any correction. 

3)Rod-shaped dosimeter can be also used as a dose monitor for 
one-sided electron processing with energies above 1.2 MeV, 
by determination of the coefficient attributed to contribution 
of dosimeter shape and geometry of irradiation field. 

Alanine/ESR dosimetry has potential to expand its application 
more widely to various dosimetry fields also by development of 
new ESR techniques such as ESR imaging and pulse ESR 
spectrometry(Ikeya 1993). 
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