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ABSTRACT

For determination of the absorbed dose and the dose equivalent in complex mixed radiation fields, new
methods were developed in the frame of the Austrian-Soviet space mission AUSTROMIR in October 1991. The
method utilizes the changes of peak height ratios in thermoluminescence glowcurves. Peak height ratios
depend on the linear energy transfer (LET) of absorbed radiation. This effect was calibrated in different
radiation fields (alpha-, beta-, gamma-, neutron fields and heavy charged particle beams). The method was
approached for dose measurements during several space programs (DOSIMIR, BION-10, PHOTONS).
During the Russian long term flight RLF six dosemeter packets were exposed in three different periods. Two
positions with different shielding (the working area and the cabin of the board engineer) were chosen for the
exposition of the dosemeters during each period in order to measure the variation of absorbed dose as well
as the variation of average LET of absorbed radiation within the habitable part of space station MIR. These
results will be compared with the results during two former periods of measurements on space station MIR
(AUSTROMIR/DOSIMIR) and results obtained inside of biosatellite BION-10 and during the space shuttle
mission STS-60.

INTRODUCTION

In space respectively in a space station humans and matter are exposed to charged particles as well as to
electromagnetic ionizing radiation (X-rays and gamma radiation) with various energies. The radiation
environment in space results from three main components: galactic cosmic radiation, solar particle-event
radiation and geomagnetically trapped radiation. Interaction processes with matter transform this primary
space radiation into secondary radiation consisting of charged particles, neutrons, gamma- and X-rays. A
considerable part of the resulting radiation is characterized by a high linear energy transfer (LET). The
doserate and the LET-spectrum within a spacecraft depend on the orbit parameters, the time (solar flares)
and the shielding conditions. Shielding conditions for the trapped proton fluxes depend also on the
orientation of the spacecraft because neither the proton flux nor the mass distribution around the position
of a detector within a spacecraft is isotropic. For determination of the biologically relevant equivalent dose,
beside the knowledge of the absorbed dose, information about the LET-spectrum is required. Up to now
different types of detectors have to be used simultaneously for an estimation of the equivalent dose:
Thermoluminescent dosemeters or active dosemeters and counters for the measurement of sparely ionizing
radiation and different types of particle and neutron detectors like nuclear track detectors, emulsions in
combination with fission foils and particle spectrometers. Nowadays some measurements were carried out
with LET spectrometers, based on tissue equivalent proportional counters (TEPC).

MEASUREMENT OF AVERAGE LET WITH THERMOLUMINESCENT DOSEMETERS (TLDs)

In standard TL-dosimetry with LiF dosemeters for absorbed dose measurement the light emission at
temperatures below about 240 °C is analysed. The intensity of the dominant peak (peak 5) in the glowcurve
appearing at about 200 °C is linear over a wide range of absorbed dose. For evaluation of absorbed dose
either peak amplitude or peak integral is used. Peak ratios are more or less constant at low doses after beta
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or gamma irradiation. After absorption of radiation with higher LET, peak ratios change significantly. In
general high temperature peaks (HTP) arising from recombination of thermally more stable
thermoluminescence centers are enhanced after absorption of high LET radiation. These peaks appear in
the temperature range from 240 to 350 °C. In our former investigations we calibrated this effect with test
irradiations of different LET (1, 2, 3 and 7). Irradiations with high energetic heavy charged particles
(fluorine- and carbon-ions with energies up to 3.65 GeV/n) were carried out in the accelerator center in
Dubna. As parameter for the average LET of absorbed radiation we used the ratio of the intensity of TL-
light in the high temperature region (HTR) to the intensity of emission in the same temperature range after
Co-60 (gamma) irradiation. The intensity of the dominant peak 5 was normalized before calculation of the
HTR-ratio.

EXPERIMENTAL

The experiment ADLET was carried out on space station MIR during the Russian-Austrian joint project
RLF (Russian Long Duration Flight). Six dosemeter packets designed for a former experiment (2) were
used for measurements. Absorbed dose and average LET was recorded over three periods (RLF-1:8.1.1994
- 9.7.1994, duration 183 d; RLF-2: 8.1.1994 -4.11.1994, duration 300 d and RLF-3: 8.1.1994 - 22.3.1995,
duration 437 d). During each period packets were exposed in the cabin of the board engineer, position 1
(minimum shielding, packets nos. 9,11,12); and in the central working area, position 2 (maximum shielding,
packets nos. 10,13,14), in order to measure the variations of doserate and average LET respectively, quality
factor within the habitable area of the space station MIR. The positions of the dosemeter packets are
indicated in the scheme of space station MIR (Fig. 1).
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Fig. 1: Scheme of space station MIR used for
calculation of mass distribution. The
positions of dosemeters are indicated.

Fig. 2: Crystal F (150 ppm Mg, 11.5 ppm Ti)
irradiated with various LET radiations.

All TL-dosemeters were read out with the labor-made read-out system TL-DAT-II using a Thorn Emi
9635QB photomultiplier and evaluated by a specifically developed software (4).

RESULTS

For the measurement of the absorbed dose the height of peak 5 in LiF-dosemeters was used. All dosemeters
were calibrated with Co-60 gamma radiation. Gathered data show that the measured average doserate
depends strongly from the position of the detectors in the space station. During period RLF-1 the ratio of
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measured absorbed dose in the two positions was 1.48. This difference depends on exposure period in
space. During period RLF-2 the ratio was only 1.27. The absorbed doserate varied from 0.205+0.01 mGy/d
(RLF-1 pos.2) to 0.302±0.01 mGy/d (RLF-1 pos.l). Austrian and Russian results are in good agreement.

For evaluation of average LET of absorbed radiation, the method of HTR was approached (1,2,3,7).
Glowcurves from LiF-TLDs exposed on space station MIR show a significantly enhanced high temperature
TL-emission compared to glowcurves after Co-60 irradiation (Fig.2). According to LET-calibration, a
maximum variation of average LET from 5.8±0.2 keV/um (RLF-2 pos.l) to 7.1±0.1 keV/um in tissue
(RLF-1 pos.2) was measured.

These values were obtained from TLD-100. In general, average LET is lower at the position with weaker
shielding and higher behind stronger shielding. The values obtained by TLD-600 are higher because of the
evidence of thermal neutrons. For the evaluation of the quality factor, the relation between LET and Q
proposed in ICRP-26 was used because „average LET" is only meaningful using ICRP 26. Contrarily ICRP
60 demands assessment of the various components of the radiation field. A summary of results including
former measurements on space station MIR, satellite BION-10 and space shuttle STS-60 is shown in
Table 1.

Parameters

Duration (d)

Dose -ATI (mGy tissue)
Dose -MBP (mGy tissue)

Doserate -ATI(mGy/d)
av.LET(keV/um) tissue

Quality Factor
Equivalent Dose (mSv)

Equiv. Doserate (mSv/d)

Parameters

Duration (d)

Dose -ATI (mGy tissue)
Dose -IMBP (mGy tissue)

Doserate (mGy/d)
av. LET (keV/nm) tissue

Quality Factor
Equivalent Dose (mSv)

Equiv. Doserate (mSv/d)

Parameters

Duration (d)

Dose -ATI (mGy tissue)
Dose -IMBP(mGy tissue)

Doserate -ATI(mGy/d)
av. LET(keV/um) tissue

Quality Factor
Equivalent Dose (mSv)

Equiv. Doserate (mSv/d)

DOSIMIRPh.l

145

Phase 1

34.2+1.1
-

0.240 ±0.008
6.2 ±0.3

1.8
61.6 + 2

0.432 ±0.01

DOSIMIR Ph.2

8

Phase 2

1.61 ±0.02
1.74 ±0.08

0.201 + 0.003
6.5 ± 0.3

1.9
3.06 ± 0.04

0.382 ± 0.006

RLF Phase 1

182

Position 1

55 ±1.8
59.1 ±5.0

0.302 ±0.01
7 ±0.1

2
110±3.7

0.604 ± 0.020

Position 2

37.3 ± 1.7
37.15 ±3.1

0.205+0.01
7.1 ±0.1

2.1
78.2 ±3.7

0.431 ±0.019

RLF Phase 3

437

Position 1

125.7 ±4.5
130.5 + 9.0

0.288 ±0.01
6.4 + 0.1

1.8
226 ±8.1

0.517+0.02

Position 2

96.0 ±4.3
100.2 ±4.4

0.220 ±0.01
6.7±0.2

1.9
182 ±8.2

0.416+0.02

BION-10
12

TLD-600

3.04 ±0.1
-

0.253 ±0.012
14.3 ±2.5

3.5
10.6 ±0.5

0.89 ± 0.04

TLD-700

3.12 ±0.2
-

0.260 ±0.015
10.5 ±0.8

2.5
7.8 ±0.5

0.65 ± 0.04

RLF Phase 2

300

Position 1

90.3 ± 3.4
83.5 ±1.9

0.301 ±0.01
5.8 ±0.2

1.65
148.9 ± 5.7

0.497 + 0.018

Position 2

70.8 ±4.7
69.6 ± 4.3

0.236 + 0.02
6.8 ± 0.4

1.9
134.6 ± 8.9

0.448 ± 0.030

STS-60

8.3

TLD-600

1.37+0.09
-

0.165 ±0.012
10.6 ±0.6

2.8
3.84 ±0.25

0.46 ± 0.03

TLD-700

1.24 ±0.08
-

0.149 + 0.01
6.5 + 0.4

1.8
2.23 ±0.15

0.27 ± 0.02

Table 1: Summary of dose measurements during space missions.
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Due to the heavier shielding of the space shuttle compared to space station MIR the contribution of
secondary neutrons to the absorbed dose is higher. Because of the high sensitivity of TLD-600 against
thermal neutrons, average LET and quality factor obtained by TLD-600 (Q=2.8) are overestimated. The
quality factor obtained by TLD-700 (Q=1.8) is neglecting the thermal neutron component. The value
obtained by the NASA tissue equivalent proportional counter (TEPC) in a comparable geometry was
Q=2.55 (ICRP 26) and 2.66 (ICRP 60).

ANALYSES OF MEASURED DATA IN COMPARISON WITH DOSE CALCULATIONS

In order to compare the measured dose rates with results obtained by trapped radiation belt models (AP8)
(5) it is necessary to analyse the conditions of exposition. On the first look the variation of the orbit
parameters of the space station MIR during the RLF-mission do not explain the differences in the measured
dose rates on the same place within the station during the different periods. Monte Carlo simulations of the
mass (shielding) distributions of the 2 positions reveal a significant difference. In pos.l there are solid
angles with a shielding weaker than 10 g/cm2 in opposite to pos.2. This difference might explain the
differences of the measured dose rate and average LET depending on position. More detailed analyses are
under progress.

CONCLUSION

The method of LET-determination with TLDs on space station MIR was very successful. Absorbed dose
rate and average LET respectively quality factor within the space station depend strongly from the mass
distribution around the position of the detectors. The small TLD-detectors allow the measurement of dose
rate distribution as well as the position sensitve determination of average LET. This opens a wide field of
applications. The results regarding average LET respectively quality factor are in excellent agreement with
former measurements with LET spectrometers based on proportional counters (6). Data gathered during
this experiment might be important to improve radiation models in low earth orbits.
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