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1. Introduction

Thermoluminescent (TL) properties of quartz applied to the problem of determination of a cumulative
dose are subjected to the active study during last few decades.

The goals of this study were investigation of specific dosimetric properties of red bricks samples taken
on the contaminated area near to the Chernobyl power plant. The main attention was paid to the prop-
erties of different TL peaks of quartz obtained from these bricks. Both: predose and high temperature
techniques - were used. Then the possibility of determination of the accident component of the dose by
means of separate measurement of components of background beta and gamma radiation was esti-
mated. As a result, the doses of samples accumulated during of 11 years after the accident were recon-
structed.

2. Sample preparation

The layer of the brick at the dip 1 to 2 cm from its external surface was used for determination of the
cumulative dose. This gives possibility to avoid the additional error associated with decrease of the
dose with depth (known as an ,,dose-profile" effect). The standard technique of extraction and purifi-
cation of quartz grains was used. At the first step, the sample of the brick was crushed into the fractions
100-160 and 160-500 jam. Only first fraction was used for determination of the cumulative dose. The
samples of this fraction were sequentially subjected to etching of hydrochloric and concentrated hydro-
fluoric acids. Then the samples were carefully washed with distilled water, ethanol and dried at 80°C.
The next step was purification of quartz from metal-containing impurities non-dissolved into the acids.
The solution of polytungsten sodium with density of 2.75 g/cm3 was used for this purpose. The sample
was again washing by distilled water, ethanol and drying at above mention temperature. After this the
sample consists of pure quartz grains.

3. Methods

The registration of TL emission was done on the TL reader HARSHAW-3500. Both: high temperature
and predose techniques - were tried at first.

The heat rate was 5 °C/s.

Irradiation of samples was done on the calibrated high precision 137Cs and plane beta sources.

Measurement of background components was carried out separately for beta and gamma radiation.
Background gamma-radiation was measured by means of the accommodation of capsules with pellets
of LiF and CaSO4 directly in situ (in the places of location of samples) for several months. For the
measurement of the component of beta-dose the concentration of 40K, 238U and 232Th in the material of
sample was defined firstly, and then the calculation of the annual beta-dose was done. The contribution
from alpha-dose in all cases was negligible.

The accident component of the dose was calculated by subtracting of the background components from
cumulative dose.
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4. Results and discussion

Comparative analysis of the predose and high temperature techniques indicated that the preference
should be given to high temperature technique for all tested samples. This statement is based on two
experimental facts. First, the predose technique was found unavailable for tested samples because the
increment of sensitivity after the sample activation to the temperature about 450°C was insignificant
(close to one). At once, the TL glow curves of the tested samples showed very high sensitivity of the
some of the peaks, namely, so called 210°C and 325°C peaks of quartz. In particular, we were able to
measure surely the signals of dose value about few cGy with using of the first of this peaks. Thus, only
high temperature technique was used for dose reconstruction of the studied samples.

The typical glow curves of the quartz samples which were studied in this work are presented in the
Fig. 1. The spectra of this figures, which correspond to the sample No.l (community with today dose
rate 18 mR/h at the high of 1 m, the density of Cs contamination about 5 Ci/km ), characterize a low
dose part of the samples. Different lines in the Fig. 1 correspond to the different values of laboratory
doses, the exact values of these doses are denoted in the signatures to the figure. All spectra of the
Fig. 1 are a mean with respect to 3 measurements and are corrected on background signals of the cor-
responding aliquots.

As it can be seen from the spectra of the Fig. 1, there is at least two peaks localized around 195 °C and
300 °C (so-called in literature 210°C and 325 °C peaks) in the quartz of investigated samples. The
spectra of other samples displayed similar properties.

Figure 1. The glow curves of sample 1 (the density of the soil contamination by 137Cs is 5 Ci/km2)
1 - the spectrum of initial sample
2 - the spectrum of sample with additional dose 50 mGy
3 - the spectrum of sample with additional dose 100 mGy
4 - the spectrum of sample with additional dose 200 mGy
All spectra are average on the three measurements
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The dose-response curves of the samples were plotted (see Fig. 2) and values of the cumulative doses
of samples Nos. 1-11 were found by using of the data of the Fig. 2 and similar to them. The doses of
investigated samples are shown in the Table 1, the third row (the cumulative dose of quartz extracted
from brick) and fifth row (accidental dose on localities, near to localization of the brick). It is neces-
sary to say that for majority of investigated samples we observed the saturation of the 195°C signal at
the values of doses of several Gy, so what at the reconstruction of the doses of samples from territories
with the high level of 137Cs contamination (more than 100 Ci/km2) the non-linear approximation was
demanded. Further, at finding of data of rows 5 of the Table 1 was taken into attention, that for the
quartz of the brick residing in the wall centre of the building (namely such samples were taken) the
shielding approximately half of radiation by building arises, that is why at rough estimation the acci-
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dent dose of the quartz of such bricks should be multiplied on a coefficient 2 for transition to the acci-
dent dose of locality. In this Table (6th and 7th row) the values of the density of the I37Cs in soil corre-
sponding to the place of the selection of samples are shown. The data of 6th row are calculated on the
values of accident doses, defined by means of TL method, while the data of 7th row is the recalculation
of values measured in 1987-1989 on the activity of 137Cs in 1986 (information about the measurements
of the soil probe is received in Meteorology State Committee of Ukraine). How can be seen from the
Table 1, there is the enough satisfactory coincidence of the data received with using TL measurements
of quartz, with data of direct measurements of concentration 137Cs in soil.

Figure 2. Dose curve of sample No.l (the density of 137Cs in the soil is 5 Ci/km2)
1 - integrating around of 195°C peak, 2 - integrating around of 300°C peak
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Table 1. Results of doses reconstruction by means of TL dosimetry of quartz (rows 3 and 5, cumulative
dose of quartz and accident dose in the air, respectively) together with calculated and measured
density of Cs in

cumulative
dose of quartz,

cGy
errors of three
aliquots meas-

urement, %
accident dose
in the air, cGy

density of
137Cs in soil

calculated on
the base of TL
results, Ci/km2

density of
137Cs in soil
measured in
1986-1989,

Ci/km2

1

4.0

7

2.6

5.0

5.4

2

11

7

13.6

26.1

22.5

3

7.7

10.5

6.1

12.0

20.5

the soil near

4

6.7

,14

8.8

17.3

5.0

5
(210°C
peak)

13

4

6.2

12.1

12.0

to the sample position (rows 6 and

5
(325°C
peak)

20

8

20.2

40.0

12.0

Numbers of sam
6

(210°C
peak)

14

4

5.8

11.3

12.0

6
(325°C
peak)

16

6

9.8

19.2

12.0

pies
7

(210°C
peak)

100

8

190

372

170-
260*

7).

7
(325°C
peak)

92

7

174

340

170-
260*

8

92

10

174

340

170-
260*

9

86

11

162

318

170-
260*

10

86

. 48

160

313

60-
350*

11

80

4.5

155

302

170-
260*

"Only range of density values for whole villages is indicated because data don't have exact address.
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5. Conclusion

• the peculiarities of the dosimetric properties of the samples of brick from contaminated territories
near to Chernobyl nuclear plant are investigated. It is found that for investigated samples the pre-
dose technique is non-working due to the small increasing of sensitivity. At the same time, high
temperature technique demonstrated good usability for all samples. Both of the main peaks of
quartz: 210 and 325°C are applicable for dosimetry, but at application of the first of these peaks it is
necessary to take into attention the possible non-linearity of dose response at doses in several Gy;

• the reconstruction of the doses of taken samples according to developed methodologies was done.
The calculation of the concentration of the 137Cs in the soil was carried out using data of TL doses.
The satisfactory coincidence of computative values with concentrations measured directly on lo-
calities is obtained;

• it is demonstrated that methodology of TL dosimetry on quartz can successfully be used for the re-
construction of accident doses as low as several cGy.
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